HYBRID FLARE APPARATUS AND METHOD BACKGROUND OF THE INVENTION (0001]Waste
gas flare assemblies are commonly located at production facilities, refineries, processing plants and
the like (collectively "facilities") for disposing of flammable gas streams that are released due to
venting requirements, shut-downs, upsets and/or emergencies. Such flare assemblies are typically
required to accommodate waste gases that vary in composition over a wide range and operate over a
very large turndown ratio (from maximum emergency flow to a purge flow rate) and extended periods
of time without maintenance. [0002]A typical single-point flare assembly includes a flare riser, which
can extend a few feet to seﬁ@@ﬁgé%%f&éﬁm&mﬁﬁg gi%?re tip mounted to (e.g., in a
vertical flare, on the top of) the flare riser. The flare tip typically includes one or more pilots for igniting
the vent gas. Depending on the particUdEr flard igodesigh Bndiavailabie gas pressure, some flares
include smoke suppression equipment such as steam injectors or air blowers. 10003]Waste gas can
be releal¥ i} any tifie daringuperationtdica fastlitpomenanbsupcadntegratedugittiorasistisn that can
immedigfgly iniiate, hurning theorohoutibe eriog ofwaste gasflowisdcritical A\ itegraighignition
system includes at least one pilot, at least one pilot ignition mechanism and at least one pilot flame
monitor. gRilosrmnnubeyeneratiptreSupplide tyshidnfatepiieag il tifiesdqoons| Dwests vardstis
process apdiprjsgulaiony, Gensiderationss YaligtsQereases aesomslinesagddsd ladhepgleased
waste gas stream. Examples of other gases that are sometimes added to the released waste gas
stream in@idE SOTGROGASfON B ArFPHS, TRARR ANGaBPSFAUDTET) Heid dMgeHRTBAPRIRIgES (Forexample,
natural ga5. o8 BFPPANS). HAE %%S&r@%ﬂkm tafrivesat i inletohthe flustip isrreferediiaas "vent
gas," regardless of whe%her it consists of only the released waste gas or the released waste gas
togethermpithteithegcgases that have been added thereto. The vent gas together with all other gases
and vapqsgrEsent i the aimasposTerinmediatelk dannstieamal he e diocaotinchiing.air but
including steam addéd at the flare tip and fuel gas dlschar%isﬁfrpm the pilot(s) of the flare assembly, is
referred E@ﬁs@"ﬂaY@r@a&vnﬁygéémag@vgd@%g@mdaa%@ dircIBauBEhEste §adisird&H@r
otherwisg f the fare @ssemaly Hawasie Q%esﬁﬁ%f@ifﬁt%fc@ﬁ?ﬂ%@Jﬁ%%@lﬁfhﬁ&ﬁ&iﬁ%ét fhe time) in
order to maintain a positive gas flow through the flare assembly and prevent air and possibly other
gases frigniBRERTOVARGERTerBRpmAHEhPRERE Riligakard eniat AT dad RT8HAR w8 58 Sream to
help a$§%§§xé%@%%ﬂﬁ_‘&%%ﬁm£‘ﬁ'@%}5&5&&%:@@%@{%&1 1hevantigasisMmetaEysartsegulations in
the United States relating to flares (such as the regulations at 40 C.F.R. 60.18) specify that the net
heating Va#98 lof téaventasaamshe BEHE IS S B0 B RESPERE T U it TR s pér Staiadid cubic
foot (seg,eerialn GoRsRMt degtapsiietweenfaraownersiand thetng. ERimMenal Rigigction
Agency (the "EPA") may specify that the net heating value of the vent gas must be even higher than
300 Btu/SEFMRSIHOFaF SRiicAMeNE AEF AR EHE Well HETh SR JF eI AR d, will

depend gpthe Gompasitionehihrwaste fas.sireapilbe dlaveraienabinepyasia.gassireamand
applicable regulations relating to operation of the flare.
be supplied to the flare pilot at all times.

[0004] Due to various process and/or regulatory considerations, various other gases are
sometimes added to the released waste gas stream. Examples of other gases that are
sometimes added to the released waste gas stream include purge gas (for example, natural gas
or nitrogen) and enrichment fuel gas (for example, natural gas or propane). The gas stream
that arrives at the inlet of the flare tip is referred to as “vent gas.” regardless of whether 1t
consists of only the released waste gas or the released waste gas together with other gases that
have been added thereto. The vent gas together with all other gases and vapors present in the
atmosphere immediately downstream of the flare tip, not including air but including steam
added at the flare tip and fuel gas discharged from the pilot(s) of the flare assembly, is
referred to as “flare gas.”

[0005] Purge gas is often added to the released waste gas stream (or otherwise to the flare

assembly if a waste gas stream is not being released by the facility at the time) in order to



[0006]Most gas flares are required to operate in a relatively smokeless manner. This is achieved by
making sure that the vent gas is admixed with a sufficient amount of air in a relatively short period of
time to sufficiently oxidize the soot particles formed in the flame. In applications where the gas
pressure is low, the momentum of the vent gas stream alone may not be sufficient to provide
smokeless operation. In such applications, it is necgssary to add an assist medium to achieve
smokeless operation. The assist medium can be used to provide the necessary motive force to entrain
ambient Al fiom araund, e lars ARaralsLxamPles af el Assistmedla, nclids leamand ai.
Many factors, incluting local energy costs and availability, must be taken into account in selecting a
smoke seaspsesingbavédilowi@0d7ZietheEmodtroomheh assist soediimefordaidding tnomesitugato
low-preseure gases s %%?%@ AE 'jg%{ﬁ% %'%g@g&%&dﬁg%%%%“%gﬁe%?* 8,9"o4Rs At @9%%!1‘?.5 that
are associated wi e flare tip. In addition to adding momentum-and entraining air, Steam also dilutes
the gas amd partiipbtesinithdchenidal dectiongigvolietin shebcoribustivprapioresstboth .8f which
assist with e suppression. In one. si ste ssistsyste, veral steam injggters extend
from a s§eg§hwg a%ﬁ%%‘?o%r%]glt gr%{l)sﬁ?%gé%tge{%%egﬁﬁ% e%ttt%egh%srget%ﬁ%e@ st%am injectors direct
jets of stéarmiitortiie Gomisustiorszode ddjaventoie(fizie tipsiCwe ormsmredeaiees whichcdiarbe
remotely oll r ical [ just flaw e tip. ke steqm. jets
inspirateog\%%rcs)r%g ﬁié%%yrgﬁ%%%gﬁ%ggﬁﬁg g%%%&%?%ﬁ%hg %éshﬁh%%e%gnt g%s. with high levels
of turbulberserdThese fEtthmagnaleew acttohyatier, loghtaimaantdgdide we Jhbedhexitinetihd fiwm tip. This
preventsind in9. 3 flame pull fonn arpund e, fare . dpiscted stham, solisted gir, and
the vent% g‘ygégl%oﬁrsgg:’n&gl ?6% %%rsh a %@tﬁre t at%%e%i%ﬁ% vent gas burn %i‘thou%l visibler'ls[r?%%(e. Other
steam adsistsyistems tiean. theflaevelopéthantsivcoessiaiyuaiizeppiceblereeibniwitrasreecomplex
flare sys{ggger&gglg)gy\ﬂ%sf}%tgam-assisted flares require a minimum steam flow in order to keep the
steam line from the control valve to the flare tip warm and ready for use and to minimize problems with
condensi#0fr the\btehariinkargsises acmirivd um eerns flow kelepsaiiesmaliifeld araetherl Sieam
niectionRaitean & feRidbe flrglip fedlahieh e Rsicyenl heat damage tetelp nexample, n
the event a low flow flameattaches to the steam equipment). 10009]Operation of a flare assembly in
freezingrebrititonshereataw dddifisralissuds wbnsdize Hudresseatcdiseamptenvhen!steam is

dischargged ipugh, e fiare assemblyatalow flaw faiedinsagkie stoam.enuipmenthen e flare is

in a standby condition or to assist a low volume flaring event, freezing temperatures may cause the
steam toEBheenze wndciepnticerori&r srelinttherffardap. NisoicBoniansatih dan bektsr#vitke steam

line runnjpg fomthe souee,of SIeAm, o e llarsassembly. INfemScasesllG sigam lngdsyery long

and, despite the use of insulation, prone to condensation. The condensation can be sprayed at the
flare tip arvideriselycheare MGVarbUAY ihearntpHneRaSsoEiare dieyabentlaThamsrrmadon of ice

on or arguadthe. e gs diseharge ORRING dokeXARIR, cRfleaddalekaas.f e ciseharoe

opening and other serious problems. [0010]As the flow rate and/or composition of vent gas sént to a
flare tip vasiegnthavaiibiiityofsteidin Fauiry Ricerivie Stippiassismekangey chEywaitE adjust the

steam regyijementased: o RRINAIC LLSAALIANS P ANAPRIBIL IR N LR Poam: logkingat &

video image from a camera monitoring the flare. Smoking conditions may be corrected by increasing
the rate BEa@anhfsw ek 6w VBIOWhephth 8rVBATQ SECHBNV B EYIFE ¢ Sdbaigersiss fiiste flame

may conginyeyie 1pek %SCQH"aHEH?Sn%%@&Q{ﬁ]‘MHﬁKEMM allgw.aemeding 1Q:pass:hefargthepperator

reduces the steam flow. As a result, this method of smoke control tends to result in over-steaming of
the flare S#RishAiPRIFSIRASH | Eadhio SxesalviEHiISBS Y UNA dBSEEry SIRATeB HEGRFS RO TRW!
destructign; and,semoyahefficigpcyy Q- euamhextinaytshsthe, main flamesaltagether. [Q0LLITae.much

steam can cause the ratio of the flow rate of steam discharged by the flare ass_embl}/ to_the flow rate of
vent gas HiEAETGEEBY FUARKCAEs MBI (ther SaHimydnnounted near the exit of the flare tip.

The steam injectors direct jets of steam into the combustion zone adjacent the flare tip. One
or more valves (which can be remotely controlled or automatically controlled) adjust steam
flow to the flare tip. The steam jets inspirate air from the surrounding atmosphere and inject
it into the discharged vent gas with high levels of turbulence. These jets may also act to

gather, contain, and guide the gases exiting the flare tip. This prevents wind from causing



4 gas ratio") to become too high, which can in turn reduce the net heating value of the flare gas in the
combustion zone to a point that combustion cannot be sustained. This can particularly be a problem
when the vent gas flow rate is at a low level. It can also be a problem when the flare assembly is in
standby condition, and there is only minimum flow of purge gas through the stack. Allowing the
steam/vent gas ratio to exceed a certain level and t)he net heating value of the flare gas to become too
low may violate one or more regulations relating to operation of the flare assembly. 100121A wide
variety of faciosimRastiba desituetiviemavel liencrdDRE).of ik audine ambient,
conditions, vent gas flow rate and composition, vent gas exit velocity, steam flowrate, steam exit
velocity, fineaniostirofthit eplpaithed by wrs braryithowt welbih e how. (afidlystrmstesish avtbentrained
air mix wilnguenigas.A06 e desianglibe late b b aesul. it AUl 0 sprly simple
operating parameters that ensure a high DRE and prevent over-steaming. 100131Flare vendors
typically Tegene a minimum standby steam flow rate for purposes such as keeping the steam line
warm ang gieventingthe.steamiiniectonassembly andiglated souipment fipry heatdamage,he flow
rate of the steam cannot be reduced below the minimum standby rate recommended by the flare
vendor Withisutifskirgpbblerngeuthl es théheribleris devenivad apslrelFuriemdole TalOWEE rate of
steam may ke, suflciankio Adigeamakiessaneraion:hictmay asonida anplisalle
regulations regarding visible emissions and is undesirable in most applications. Due to the low exit
velocity andl vesulsisgiow aitientraienerarsotstélns aptanedohrrstedns masnit bakedannksher
steam/vet,gas FRtiodpashicy &S akelss.oRetateR.Af A dare handiatkirauliadwhgn steam is

injected at sonic velocity. Under some circumstances, both smoking and over-steaming, as legally

defined ER04BDlicalnerasgulations aeanretidaloidetraeise i tisiedisaasoivemlonsiestdhin
assisted flare 09 ARSI NOpGINESiRAM NI AeiS @Mé%ﬁ@&@ﬁéﬂé@ e PYrge gamfinurate as

opposed to reducing the steam flow rate) may help with compliance but the costs of the increased
purge gd_@%f&%éa]é?r@fh Wﬂbé?%@m&@aﬁwm@@gﬁg{ R ééﬁﬁ?ﬁ&ﬁ@%@m@mw@hs of
carbon digxide A gRSHS RIS REINALSE GRS L % CROL GRS R NPT, IR MR §.0h,

steam-assisted flares with Tespect to operation of the flare. 100141A primary purpose of a flare
assembfF§som edtes)he bt dinpottistiaflgHsRFFIPEGIHDOGHESIBUBR HSauHKcBIpSEia¥ carbon

monoxidgagd,unbyrned, Ry eaarians, 857019, reaWb e aperaiienels fiate assemhbyis frgulated

and monitored by various governmental agencies. The particular regulations that apply depend on the
particulaf I8tk git optnef favel dideABNC P R URIBHCS ateRe fondaTnpne. the bperetics of Hfiare
assemblﬂd&r%%%@%@ifﬂ%mfgﬂﬁ%@@ by hekRhd Rrarpguiplions ndheddnited Riaies: inclyde

regulations in the Code of Federal Regulations (CFR) and settlement agreemen Ls for example,
consent GEREEY) pdaiRetPhatwsar e difatitly £gentiddaifn WSHRIEMA SHMRKIiteE. Bastd@nd local

regulationgnay alsmaarvh QRIS antigipalad; thafuherspitingent regulations with respect to
operation of a flare assembly may be implemented by the EPA in the near future. These new

regulatid8 by BeSidindRini BF cHKLenCaBREE R Rh &b tiie 851 NG EPRAEH dRafe Ginds, or may
be made,afait of the.appligable GadenpfikedgralkaanatignssThemew segations wilk likelyaddress,

for example, the maximum steam/vent gas ratio (or steam/hydrocarbon ratio) that can be employed,
the minifSERTABERERETG VRIRS P die VBRTGHSNARY the PRETFHINNABE HORENG (RA0k 6P kheerpird gas in

the combugtippzgRadmviev atthesenieguatignsidtmayhecamepvenomoredificulifeeRd by
conventional steam-assisted flare assembly to achieve smokeless operation, prevent over-steaming

and addfBESHIRErBrotAERE Siar lo%e Yeberibds abdvEc SmpisR diRike iheatiotint e 8tdam may
not be asswtfigicmsakitian SUMMARYSE (tHEINVEMFI@Nhe operator, which may allow some

time to pass before the operator reduces the steam flow. As a result, this method of smoke
control tends to result in over-steaming of the flare which in turn may lead to excessive noise
and unnecessary steam consumption, low destruction and removal efficiency, or even
extinguish the main flame altogether.

j0011] Too much steam can cause the ratio of the flow rate of steam discharged by the

flare assembly to the flow rate of vent gas discharged by the flare assembly (the “steam/vent



[0016]In accordance with the present invention, a method of operating a flare assembly that receives a
waste gas stream at a varying flow rate; conducts a vent gas stream to a flare tip, discharges the vent
gas stream through the flare tip into a combustion zone in the atmosphere, discharges primary steam
through a steam injector assembly into the combustion zone and burns flare gas in the combustion
zone is provided. [0017]In one embodiment, the inyentive method comprises the following steps: a.
providing a source of alternative gas; b. providing a source of primary steam; c. receiving the waste

gas stregi g GSIRy Mg s Iavhraieieh e Ve Rh 9% SR &t@é_&ﬁﬁﬁ%ﬁxé‘lﬁﬂ%ﬁﬂ%sg%yeam
through the flare tip into the combustion zone; f. igniting and combusting flare gas in the combustion
zone; 61 HRESYRTITHIYG TRBS Aot RO IFRIAP St aMCRTIBhBCCBIFIBIISFon! Péhenis Pratisdlsaly to
achieve smokeless,0preataR Rnif dhisrhsiermines: in18leRLa) thattheteiestion afpemannsgtaam into
the combustion zone is necessary to achieve smokeless operation, carrying out the following steps: i.

shutting &FasesaBb ke et gesdiistghthB e ano T jeBtr BsE ADTY hipise eantBidi®n zone if
alternatiyg gagis beingdischaragdthraugh the steam iniedterassembiviato.the rombustiamzone;

value of the flare gas to become too low may violate one or more regulations relating to
operation of the flare assembly.

[0012] A wide variety of factors impact the destructive removal efficiency (DRE) of a
flare, including ambient conditions, vent gas flow rate and composition, vent gas exit
velocity, steam flow rate, steam exit velocity, the amount of air entrained by the steam, how
well and how rapidly the steam and entrained air mix with the vent gas, and the design of the
flare tip. As a result, it is difficult to specify simple operating parameters that ensure a high
DRE and prevent over-steaming.

[6013}] Flare vendors typically require a minimum standby steam flow rate for purposes
such as keeping the steam line warm and preventing the steam injector assembly and related
equipment from heat damage. The flow rate of the steam cannot be reduced below the
mimmum standby rate recommended by the flare vendor without risking problems such as
the probiems described above. Furthermore, a lower rate of steam may not be sufficient to
achieve smokeless operation, which may also violate applicable regulations regarding visible
emissions and 1s undesirable in most applications. Due to the low exit velocity and resulting
low air entrainment rate of steam at turndown steam rates, it takes a higher steam/vent gas
ratio to achieve smokeless operation of a flare than that required when steam is injected at
sonic velocity, Under some circumstances, both smoking and over-steaming, as legally
defined by applicable regulations, cannot be avoided at the same time in a conventional steam
assisted flare, no matter how the steam flow rate is adjusted. Increasing the purge gas flow
rate (as opposed to reducing the steam flow rate) may help with compliance but the costs of
the increased purge gas may be prohibitive. The increased purge gas may also contribuie to
higher emissions of carbon dioxide, a gas related to greenhouse effects. This can create a
dilemma for owners of steam-assisted flares with respect to operation of the flare.

[6014] A primary purpose of a flare assembly 1s to destroy and control potentially harmful

compounds such as sulfur compounds. carbon monoxide and unburned hydrocarbons. As a



ii. discharging primary steam through the steam injector assembly into the combustion zone; iii.
determining the flow rate of primary steam discharged through the steam injector assembly into the
combustion zone; and iv. modulating the flow rate of primary steam through the steam injector
assembly into the combustion zone to achieve smokeless operation; and i. if it is determined in step
(9) that the injection of primary steam into the combustion zone is not necessary to achieve smokeless
operation, carrying out the following steps: i. shutting off the flow of primary steam through the steam

injector assembly Inte.Mhe.combuistionzoneif RrimaNysteam isheingdischargsd thioughhthg.steam
injector assembly into the combustion zone; ii. discharging alternative gas through the steam injector

assembhgimgthe tonudablazsaidings thay applxtitpene aRdhsapvE gaarpretiterdddiargig the
alternatiye. gas;thrqyafdhessicartiniscior assemblyintghe combustionzoneQ181inanather

embodiment, the inventive method comprises the fO||OWII‘%§I steps: a. providing a source of alternative

gas: b. psvicipigtared e dhst Brithalj Gt sraviaticsecitify tHelpdsteapad itiedmic syl g it the
flow rate-ofithe,yent gag stieamusHiseharging.theNantaas siramdiough theflare tindntethe

combustion zone; fi igniting and combusting flare gas in the combustion zone;
decrees) reached between regulating agencies such as the EPA and facilities. State and local

regulations may also apply.

[0615] i is anticipated that more stringent regulations with respect to operation of a flare
assembly may be implemented by the EPA in the near future. These new regulations may be
in the form of consent decrees reached between the EPA and flare owners, or may be made a
part of the applicable Code of Federal Regulations. The new regulations will likely address,
for example, the maximum steam/vent gas ratio (or steam/hydrocarbon ratio) that can be
emploved, the minimum net heating value of the vent gas, and the minimum net heating
value of the flare gas in the combustion zone. In view of these regulations, it may become
even more difficult for a conventional steam-assisted flare assembly to achieve smokeless
operation, prevent over-steaming and address other problems such those described above.

Simply reducing the amount of steam may not be a sufficient solution.

SUMMARY OF THE INVENTION

[6016] In accordance with the present invention, a method of operating a flare assembly
that receives a waste gas stream at a varying flow rate, conducts a vent gas stream to a flare
tip, discharges the vent gas stream through the flare fip into a combustion zone in the
atmosphere, discharges primary steam through a steam injector assembly into the combustion
zone and burns flare gas in the combustion zone is provided.
[0017] In one embodiment, the inventive method comprises the following steps:

a. providing a source of alternative gas;

b. providing a source of primary stean;

c. receiving the waste gas stream;

d. determining the flow rate of the vent gas stream;

e. discharging the vent gas stream through the flare tip into the combustion

zZone;

e

igniting and combusting flare gas in the combustion zone;



g. determining if the injection of primary steam into the combustion zone is necessary to achieve
smokeless operation; h. if it is determined in step (g) that the injection of primary steam into the
combustion zone is necessary to achieve smokeless operation, carrying out the following steps: i.
shutting off the flow of alternative gas through the steam injector assembly into the combustion zone if
alternative gas is being discharged through the stegm injector assembly into the combustion zone; ii.
discharging primary steam through the steam injector assembly into the combustion zone; determining

the flow rate of primary stgamglischaroed thieughnthe steamyiniestonassembbriptaibs sambystion

zone; iv. calculating a maximum allowable flow rate of primary steam through the steam injector
assembly into the combuBf&iFF6H& ARMSH BUEGRYORRE R rate of primary steam through the

steam injector assembly it theicembustian é%e(%@ aehigveismakaless paratianand ayoiska flow
rate of steam in excess of the maximum allowable flow rate of steam; and if it is determined in step (g)

that the injection of primaf)BREHPThES TR CHHBEEHON Z26RE 18 ABIOKBIESE SRR B R RfdE ¥hikeless
operation, carrying out the,foflgwing, stepss.i.shutting off the flow of primary steam through the steam
injector assembly into the combustion zone if ﬁrimar steam is being discharged through the steam

injector assembly into thé-coniBi&tish $Bndcala™sql. aicERaliymgaitdiiRie 'gastriBLgN RS steam
injector assembly into the combustiaR zane. 1R01FLTRv@tiousstaps fihadirst and seang

embodiments of the inventive method can . ) .
discharged through the steam injector assembly into the combustion
ZOne;

i, discharging primary steam through the steam injector assembly mnto
the combustion zone;

iii. determining the flow rate of primary steam discharged through the
steam injector assembly into the combustion zone; and

iv. modulating the flow rate of primary steam through the steam injector
assembly into the combustion zone to achieve smokeless operation;
and

i. if it is determined in step (g) that the injection of primary steam into the
combustion zone is not necessary to achieve smokeless operation, carrying
out the following steps:

i.  shutting off the flow of primary steam through the steam injector
assembly into the combustion zone if primary steam is being
discharged through the steam injector assembly into the combustion
zone;

ii. discharging alternative gas through the steam injector assembly into
the combustion zone; and

iii. heating the alternative gas prior to discharging the alternative gas
through the steam injector assembly into the combustion zone.

[0018] In another embodiment, the inventive method comprises the following steps:
a. providing a source of alternative gas:
b. providing a source of primary steam;

¢. receiving the waste gas stream;



be interchanged if desired. For example, the steps of calculating a maximum allowable flow rate of
primary steam through the steam injector assembly into the combustion zone and modulating the flow
rate of primary steam through the steam injector assembly into the combustion zone to achieve
smokeless operation and avoid a flow rate of steam in excess of the maximum allowable flow rate of
steam can be used in association with the first embodiment of the inventive method as described
above if it is determined in step (g) that the injection of primary steam into the combustion zone is not

necessary to achieve 8?“%?4%&%9{1@ﬁ%vﬁn%@@QHfé%%?\%&@E&%&%ﬂ“on also provides a flare

assembly that receives a waste gas stream at a varying rate. Thé flare assembly can be used to
early out the inventiveemedirsta@og1fin e @asovtianetlrtuglinthenitives flsyerassbmbiyntostiprises a
flare riser for conducting g yent gas stream, a flare tip attached to the flare riser for discharging the
vent gas stream into a combustion zone in the atmosphere and burning flare gas in the combustion
zone, a steam injectorfas&giiibly asdeeiatertivithire farentibe aewamiwansis: conduit, an alternative

gas ransfer conduit, 3,coptaliilGONRE'RAJAINE 19k ARRP AN, 810 SOSANNG.aRSe T o

(00221The steam injector assembly includes a steam riser and a steam injection nozzle. The steam
riser has a lower section @aeEsiiygparcbEstiormaRerwersécion of the steam riser includes a first

fluid inlet and a secor?g:ﬂqﬂgr;ge&e{lé%jﬁt&ﬁm g}b%c%@ntmzﬂg fﬁi fluidly 89%&21%$ da the;Upper section

of the steam riser for injecting primary steam into thie combustion zone. | he steam transfer
conduit is fluidly connectebeboieoaridne & sotrewsnf oriviasy steandnt ieewiier. eat toithedfirst inlet
of the steam riser. The stgm&mgﬁ;ﬁ,rsqg&qmt is fluidly connected to a steam control valve for
controlling the flow of primary steam through the steam riser. 100241The alternative gas transfer
conduit is fluidly connectdd at®Wéiagdad asofifce of alfernative gas dndugle Brtheteent taithesecond

inlet of the steam riser. The aligrpative 9as, qigg%%%ﬁwi%gui@ya%mggdé% an, aggmgative gas

control valve for controlling the flow of alternative gas through the steam riser.
discharged through the steam injector assembly into the combustion

zone;

ii. discharging primary steam through the steam injector assembly into
the combustion zone:

1. determining the flow rate of primary steam discharged through the
steam injector assembly into the combustion zone;

iv. calculating a maximum allowable flow rate of primary steam through
the steam injector assembly into the combustion zone; and

v. modulating the flow rate of primary steam through the steam injector
assembly into the combustion zone to achieve smokeless operation
and avoid a flow rate of steam in excess of the maximum allowable
flow rate of steam; and

. 1f it is determined in step (g) that the injection of primary steam into the

combustion zone is not necessary to achieve smokeless operation, carrying

out the following steps:

1. shutting off the flow of primary steam through the steam injector
assembly into the combustion zone if primary steam is being
discharged through the steam injector assembly into the combustion

zone; and



10025]The control unit controls the steam control valve and the alternative gas control valve. The
heating assembly is associated with one of the alternative gas conduit and the steam riser for heating
alternative gas that passes through the steam riser conduit [0026]In another embodiment, the
inventive flare assembly comprises a flare riser for conducting a vent gas stream, a flare tip attached
to the flare riser for discharging the vent gas streag into a combustion zone in the atmosphere and
burning flare gas in the combustion zone, a steam injector assembly associated with the flare tip, a

steam transfer condui, a) ltefQaiye GBS HANSIRI.CoItoAAPNSSRSA ATSOGIAIAd ML iR Jare iser

for sensing the flow rate of the vent gas stream, and a control unit connected to the flare assembly.
100271 The steam injector as$enfioliimelidescasteam riser and a steam injector nozzle. The steam

riser hasqa {gyver-seetion And AR URPEL SeSligns The lpnehissation.af shensteamntiserinaldesa first

fluid inlet and a second fluid inlet. The steam ingction nozzle is fluidly connected to the upper section

of the sfeainirisdanseihjé SunadriniareSaEaMeirls tHEPEH BUSHEH RS RIS ET R e PEhster
conduit i, fluidly sonnected at.gne endHo asSEHIGELfRriRany, sieamandthepther snddadhadirst inlet

of the steam riser. The steam transfer conduit is fluidly connected to a steam control valve for

controllingpéwatios BrepfintirjesteahPHHRsY TS IOaPN $isdhe1 50901 RS Tt Raiv Ry 48t dhgfer
conduit |5 fluidly. conpeeted.at Que SRGaRSOpEEs;ioh altarnative.as.anddhe athes andia-thesecond

inlet of the steam riser. The alternative gas transfer conduit is fluidly connected to an alternative gas

control vhiverterioortroliagvaien S et akerphiiiergas Wrdtighiiae SheamT&dIoT00BBITHE cBffrol unit of
the second.smbedinentofhs,ineniive faeassemblyis for conirodingthesteamcan eivalve and

the alternative gas control valve. The control unit is responsive to the flow rate of the vent gas stream
and capHbtstBTCAICOIERAY & ritimila SArmBrSHRMVZRR BY PRINMARF SIEEMPRIGLGE HRYUESH injector
assembly.into:the combustion zone and modulating the flow rate of primary steam through the steam

injector assembly into the combustion zone to avoid a flow rate of steam in excess of the maximum
allowablE&830 ratehst siesant ipgention also provides a flare assembly that receives a waste gas

stream at a varying flow rate. The flare assembly can be used to carry out the inventive
method.

[6021] In one embodiment, the inventive flare assembly comprises a flare riser for
conducting a vent gas stream, a flare tip attached to the flare riser for discharging the vent gas
stream into a combustion zone in the atmosphere and burning flare gas in the combustion
zone, a steam injector assembly associated with the flare tip, a steam transfer conduit, an
alternative gas transfer conduit, a control unit connected to the flare assembly, and a heating
assembly.

[0022] The steam injector assembly includes a steam riser and a steam injection nozzle.
The steam riser has a lower section and an upper section. The lower section of the steam
riser includes a first fluid inlet and a second fluid inlet. The steam injection nozzle 1s fluidly
connected to the upper section of the steam riser for injecting primary steam into the
combustion zone.

[0023] The steam transfer conduit is fluidly connected at one end to a source of primary
steam and the other end to the first inlet of the steam riser. The steam transfer conduit is
fluidly connected to a steam control vaive for controlling the flow of primary steam through
the steam riser.

[0024]  The alternative gas transfer conduit is fluidly connected at one end to a source of

alternative gas and the other end to the second inlet of the steam riser. The aiternative gas



[0031]The various components of the first and second embodiments of the inventive flare assembly
can be interchanged if desired. For example, the vent gas stream flow sensor and control unit of the
second embodiment of the inventive flare assembly can be used in connection with the first
embodiment of the inventive flare assembly. [0032]The objects, features and advantages of the
present invention will be readily apparent to those gkilled in the art upon a reading of the following
detailed description. BRIEF DESCRIPTION OF THE DRAWINGS [00331FIG. 1 illustrates one

configuratior%of the inventive 1 r . 100 | [ i ] i

¢ d & apparays. [R0FHEIG € 1. loRMeW Al Ine Inveniye liarg
apparat&%%ﬁfgtfgt%&l byllg%%qg[og%?ﬁe. 3 is a partial gchgamatic view further iIIustratin!gl%heeinventive
flare apparatSabEFGive. Je0B6IRIKD . theisteapartigl schematic view illustrating another configuration of

the inve{yéggﬁaf%ﬁg%ﬁa%ﬁ-HLQQ%zH%% Sllustrates another embodiment of the.steam dpigriion

assemb ventive flare apparatus. [0038]FIG. 6 illustrates the use of a blower with a variable
frequencyideivelas Hrating assembly is associated with one of the alternative gas conduif and the

steam riser for heating alternative gas that passes through the steam riser conduit.

[0626] In another embodiment, the inventive flare assembly comprises a flare riser for
conducting a vent gas stream, a flare tip attached to the flare riser for discharging the vent gas
stream info a combustion zone in the atmosphere and burning flare gas in the combustion
zone, a steam injector assembly associated with the flare tip, a steam transfer conduit, an
alternative gas transfer conduit, a flow sensor associated with the flare riser for sensing the
flow rate of the vent gas stream, and a control unit connected to the flare assembly.

[0627] The steam injector assembly includes a steam riser and a steam injector nozzle.
The steamn riser has a lower section and an upper section. The lower section of the stcam
riser includes a first fluid inlet and a second fluid inlet. The steam injection nozzle is fluidly
connected to the upper section of the steam riser for injecting primary steam inte the
combustion zone.

[6028] The steam transfer conduit is fluidly connected at one end to a source of primary
steam and the other end to the first inlet of the sieam riser. The steam transfer conduit is
fluidly connected to a steam control valve for controlling the flow of primary steam through
the steam riser.

[0029] The alternative gas transfer conduit is fluidly connected at one end to a source of
alternative gas and the other end to the second inlet of the steam riser. The aiternative gas
transfer conduit is fluidly connected to an alternative gas control valve for controlling the
flow of alternative gas through the steam riser.

[6030] The control unit of the second embodiment of the inventive flare assembly is for
controlling the steam control valve and the alternative gas control valve. The control unit 1s
responsive to the flow rate of the vent gas stream and capable of calculating a maximum
allowable flow rate of primary steam through the steam injector assembly into the
combustion zone and modulating the flow rate of primary steam through the steam injector
assembly into the combustion zone to avoid a flow rate of steam in excess of the maximum

allowable {low rate of steam.



alternative gas mover of the inventive flare assembly. [0039]FIG. 7 illustrates another configuration of
the alternative gas transfer conduit and valve system. [0040]FIG. 8 illustrates another configuration of
the steam transfer conduit and associated steam control valves of the inventive flare apparatus.
[0041]FIG. 9 illustrates the use of a steam eductor as the alternative gas mover of the inventive flare
assembly with an associated condensing_ unit angIOheater. [0042]FIG. 10 illustrates the use of a
three-way valve in association with the steam transfer and alternative gas conduits of the inventive

flare assgiy- [HIEIS. 15 amphdhakcaiteanends 0B sxamale desarbeeinie Retalled

Description set forth below an ows upper limits of steam requirements for various hydrocarbon

gases pessARb5XrdoomimendageprifclicerDE TAILEBDES GRIPTIGRS[00z4]ABassatetéttand in

the appended, clamS g1 s e LIREIuREIA shallhave g LoHaWINg MEBINGS: be used in
connection with the first embodiment of the inventive flare assembly.
[6032] The objects, features and advantages of the present invention will be readily
apparent to those skilled in the art upon a reading of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0033] FIG. 1 illustrates one configuration of the inventive flare apparatus.
[0034] FIG. 2 is a top view of the inventive flare apparatus illustrated by FIG. 1.
[0035] FIG. 3 is a partial schematic view further illustrating the inventive flare apparatus
of FIG. 1.
[0036] FIG. 4 is a partial schematic view illustrating another configuration of the inventive
flare apparatus.
[6637] FIG. 5 illustrates another embodiment of the steam injection assembly of inventive
flare apparatus.
[0038] FIG. 6 illustrates the use of a blower with a variable frequency drive as the
alternative gas mover of the inventive flare assembly.
[0039] FIG. 7 iliustrates another configuration of the alternative gas transfer conduit and
valve system.
[0640] FIG. 8 illustrates another configuration of the steam transfer conduit and associated
steam control valves of the inventive flare apparatus.
0641} FIG. 9 illustrates the use of a steam eductor as the alternative gas mover of the
inventive flare assembly with an associated condensing unit and heater.
[0042] FIG. 10 illustrates the use of a three-way valve in association with the steam
transfer and alternative gas conduits of the inventive flare assembly.
[6043] FIG. 11 is a graph that corresponds to the example described in the Detailed
Description set forth below and shows upper limits of steam requirements for various
hydrocarbon gases per API 521 recommended practice,
DETAILED DESCRIPTION

[0044]  As used herein and in the appended claims, the terms set forth below shall have the

following meanings:



11 A "facility" means a production facility, refinery, chemical plant, processing plant or any other
facility from which waste gas is released due to venting requirements, shut-downs, upsets,
emergencies or other reasons. "Waste gas" means the organic material, nitrogen, and any other
gases that are released from the facility for disposal and received by the flare assembly.  "Vent gas"
means the waste gas as defined above together V\{i}h other gases and vapors, if any, added to the
waste gas stream before the waste gas stream enters the flare tip of the flare assembly.  "Flare gas"

th t defi lus al ) j R0
el downc G 0 U AU QA JEai At et i and
fuel gas discmrg%&;%ﬁ?e%é Rl ﬁ%&i&gﬁﬁ e 91?1%@%@9&'@3 o RHIMANY,sigam" means steam that is

directly dischargggatﬁroug the steam injector assembly located at the flare tip and used to achieve

smokeless operation. ««yy; emepial sleanrameansdsieamised as.a motivadluigkto adugkair into

the steam injector AsseMBm theFNKEIess Lpetation! meavsiopentianehisdigke assembly within
the limitations on visible smoke emissions set by applicable regulations, the flare owner and/or the

flare operator. For example, dasthe:bhniiatStatas, yisibledsmake srissiopsifromvflaresare:negulated by
40 C.F.R. 60.18.nisospercountiigs,adsilasmeke emissionsraie natfoegutatad;doweyerdimitations
on visible smoke gisipas aketset bihtheaflaresemybBr, or operator based on desires of the local
community. Thus, for example, determining if the injection of primary steam into the combustion zone
is necessary to achiev&kimokeissseperatior intageordancwithabtep (plofthecifve mtivesnsathod
means determiningbthepinfeation ofgpramarspbteanmintedinesGorbustiormzone ibanéeesdary totoperate
the flare assemblinwlithingterlimitatiohs!og isible stdokerethisdiors tipatihvechaien detchyrapplicable
regulations, the flarerotvaeilatic) i the flare asperdtior.  "Applicable regulations" means requirements
placed upon the flare owner or operator (the "flare operator”) by regulatory authorities, including
requirements in consetiifaerestchBRyEEYthSHale BB iateH ey ﬁlﬁﬁﬂiﬁa@%ﬁ&ﬁh@? St
"steam/vent gas raiestonasiesnirie Fasriast thiei b edte SIbReEMiBIdEHEr§SH RGP REE®am injector
gas. The "hydrocarbon flow rate” means the flow rate of the vent

s

gas stream multiplied BRI SSRFBERSIFETL T RGEPS SHHBARS SRR AU SRS THE D B Example,
if the vent gas stré&APHNF 438O pounds per hour and the vent gas stream consists of 80%

nitrogen and 20% propgne on & mass basis- e vdRsARIR IPHER R 200RMPYR RELNRYT 12

limitations on visible smoke emissions set by applicable reguiations, the flare
owner and/or the flare operator. For example, in the United States, visibie smoke
emissions from flares are regulated by 40 C.FR. § 60.18 In some countries,
visible smoke emissions are not regulated; however, limitations on visible smoke
emissions are set by the flare owner or operator based on desires of the local
community. Thus, for example, determining if the injection of primary steam into
the combustion zone is necessary to achieve smokeless operation in accordance
with step (g) of the inventive method means determining if the injection of primary
steam into the combustion zone is necessary to operate the flare assembly within
the limitations on visible smoke emissions that have been set by applicable
regulations, the flare owner and/or the flare operator.

“Applicable regulations”™ means requirements piaced upon the flare owner or
operator (the “flare operator”) by regulatory authorities, including requirements in
consent decrees between the flare operator and regulatory authorities.

The “steam/vent eas ratio” means the ratio of the flow rate of steam
discharged through the steam injector assembly to the flow rate of vent gas.

The “hvdrocarbon flow rate” means the flow rate of the vent gas stream
multiplied by the percentage of hydrocarbon(s) in the vent gas stream. Thus, for
example, if the vent gas stream flow rate is 1000 pounds per hour and the vent gas
stream consists of 80% nitrogen and 20% propane on a mass basis, the
hydrocarbon flow rate is 200 pounds per hour.




The "steam/hydrocarbon ratio" means the ratio of the flow rate of steam discharged through the steam
injector assembly to the hydrocarbon flow rate. "Net heatinu value" means lower heating value.
Unless specified otherwise, "determined based on a factor or parameter” means determined either in
part or in whole based on the factor or parameter.  Similarly, unless specified otherwise, -calculated
based on a factor or parameter" means calculatedlgither in part or in whole based on the factor or
parameter. A flow rate sensor means any device that can be used to determine the applicable fluid

flow rate, including buypotliniteehio.orfics flow meters, dltragonig floy %%t%%N?QW%E'@wmeters,
vortex flow meter | W - . ' in.can be
measured on a m%%%ﬂglr[‘%é()) umeu asls, lfn?éss %ﬁggﬁ%eﬁgg%ﬁ;{% %%in%gr]e%%%é%f’the invention is
a method of operating-a;flare.assemply thakigasivesigNastegas stream at a varying flow rate,

conducts a vent gas stream to a flare tip, discharges the vent gas stream through the flare tip into a

combustion zone in thggtnospharasdischarges pramamisietniudugh A steam dnjecianassembly into
the combustion zaneanekhuinsdipsaigasihifecambhisiamzanen thafotbes: efhie invention is a
flare assembly that receives a waste gas stream. The inventive flare assembly is an example of a flare
assembly that can be Bjpeilated indesordaniBadithithevimeentivemiethddbTded |oventiviecidetiod [0046]
The inventive metimshsaanprisesithediolidviddgestepsira pproviding alsdarbesef alterhatifegas)h.
providing a sourceapfipritmary steam; c. receiving the waste gas stream; d. determining the flow rate of
the vent gas stream;

A flow rate sensor means any device that can be used to determine the
applicable fluid flow rate, including but not limited to orifice flow meters,
ultrasonic flow meters, venturi flow meters, vortex flow meters, anemometers and
Pitot tubes.

The flow rates referenced herein can be measured on a mass or volume basis,
unless otherwise specified.

[0045] In one aspect, the invention is a method of operating a flare assembly that receives
a waste gas stream at a varying flow rate, conducts a vent gas stream to a flare tip, discharges
the vent gas stream through the flare tip into a combustion zone in the atmosphere, discharges
primary steam through a steam tnjector assembly into the combustion zone and bumns flare
gas in the combustion zone. In another aspect, the invention is a flare assembly that receives
a waste gas stream. The inventive flare assembly is an exampie of a flare assembly that can
be operated in accordance with the inventive method.

The Inventive Method

[0046] The inventive method comprises the following steps:
a. providing a source of alternative gas;
b. providing a source of primary steam;
¢. receiving the waste gas stream;
d. determiming the flow rate of the vent gas siream;
e. discharging the vent gas stream through the flare tip into the combustion
ZOne;
f. igniting and combusting flare gas in the combustion zone;

determining if the injection of primary steam into the combustion zone is

I8

necessary to achieve smokeless operation;



e. discharging the vent gas stream through the flare tip into the combustion zone; f. igniting and
combusting flare gas in the combustion zone; g. determining if the injection of primary steam into the
combustion zone is necessary to achieve smokeless operation; | 3 h. if it is determined in step (g) that
the injection of primary steam into the combustion zone is necessary to achieve smokeless operation,
carrying out the following steps: i.shutting off the flow of alternative gas through the steam injector
assembly into the combustion zone if alternative gas is being discharged through the steam injector

assembly nto the combugiion Ze0 fiGHAIONGAUMAY SiSaRJDEBHa 1 sieATIdiesias asembly

into the combustion zone; iil. determining t e of primary steam discharged through the steam
injector assembly into the-cuiniststiornzo irenetdsvnoaeiigfysthekfbinsraRseipRnsary §t8 &AM through
the steam injector assemply into ‘mggc&gg?ustion zone to achieve smokeless operation; and i. if it is
determined in step (g) that the injection (5 primary steam into the combustion zone is not necessary to
achieve smokeless operation shariying Sutithd folowirmiteteptrd. soatirig ehtRe DR BHRTEY steam

D e ety S e s e, sfng e
discharged through the steam injector assembly into the combustion
zZone;

ii. discharging primary steam through the steam injector assembly into
the combustion zone;

jii. determining the flow rate of primary steam discharged through the
steam injector assembly into the combustion zone; and

iv. modulating the flow rate of primary steam through the steam injector
assembly into the combustion zone to achieve smokeless operation;
and

i, if it is determined in step (g) that the injection of primary steam mnto the
combustion zone is not necessary to achieve smokeless operation. carrying
out the following steps:

i.  shutting off the flow of primary steam through the steam Injector
assembly into the combustion zone if primary steam is being
discharged through the steam injector assembly into the combustion
zone; and

ii. discharging alternative gas through the steam injector assembly into
the combustion zone.

[0047] The alternative gas is air. The air may be mixed with supplemental steam and/or
any other gas(es) used as a motive fluid to educt air into the steam injector assembly if an
eductor is used in association with the inventive method.

[0048] The source of the air (and hence a source of alternative gas provided m step (a) of
the inventive method) can be the surrounding atmosphere. For example, the air can be drawn
from the atmosphere surrounding the flare assembly and moved into the steam injector
assembly by an alternative gas mover. The alternative gas mover can be, for example, an air

fan, an air blower, an air compressor or an eductor.



discharging alternative gas through the steam injector assembly into the combustion zone. 100471The
alternative gas is air. The air may be mixed with supplemental steam and/or any other gas(es) used as
a motive fluid to educt air into the steam injector assembly if an eductor is used in association with the
inventive method. [00481The source of the air (and hence a source of alternative gas provided in step
(a) of the inventive method) can be the surroundinggratmosphere. For example, the air can be drawn
from the atmosphere surrounding the flare assembly and moved into the steam injector assembly by

an alternatlye gasmover, The;a Itg gﬁ‘?‘e EL %9 RN SRmpIS, AR A @b blower, an
S

air comgres r oran e uctor. an e UCtOI‘ s used as an alternative gas mover to draw air
from thammmg@smmmhhemérmagsmym pheVECHTe ISicies thecsiBlEmSIAfeR e

assembly, sigam 30,06 \sed Ayhe mave id. Zhis.ssam: definas prisinas suaplemental steam,

can be obtained From the same sotrce t at provides the primary steam. When supplemental steam is
used, somgiofdhzsnpitempatalsteaimtarrbslenilsdwitith steanbelvg eutrtplg b #h 6318 injector

assembly apd therebyifesames A ol e AleAle a5l desied e SuRBISmEnIRlsGam, can be

removed from alternative gas as describe her below [0050]The source of primar steam
providedriiz@ocordsmel witndtehefiobof Hvednvsntivet nidtHbe clispatifsr sample, 49581

D SRR B e oL folren e R mANSEAM N9 0e SIEAPURIRRIAEASIEMDlY. [005LIThe

waste ga recelve are assembly. For example, the waste gas is conducted from the facility
to a wad@fgak coﬁmjﬂoar@mt@theaﬁar@%%mm‘thf@(ﬁlalﬂeﬂ%géﬁﬂﬂ@/ with step (b) of the inventive

method can be, for example, a boiler. The pressure generated by the boiler forces the primary
steam into the steam injector assembly.

[0051] The waste gas is received by the flare assembly. For example, the waste gas is
conducted from the facility to a waste gas conduit and into the flare riser of the flare
assembly.

[0652] The flow rate of the vent gas siream in accordance with step (d) of the inventive
method can be determined by, for example, a flow rate sensor that is disposed in the waste
gas transfer conduit or flare riser (as described below) at a point therein downstream of points
in the waste gas transfer conduit or flare riser where other gases and vapors, if any, have been
added to the waste gas stream buf upstream of the flare tip (i.e., at a point in the flare
assembly before the vent gas stream enters the flare tip). Alternatively, the {low sensor can
be located at a point to measure the flow rate of waste gas before any gas (such as enrichment
gas) is added to the waste gas. The flow rate of the vent gas stream can then be determined
by adding the known flow rate of enrichment gas (if any) to the measured flow rate of waste
gas.

10053]  Determining if the injection of primary steam into the combustion zone is necessary
to achieve smokeless operation in accordance with step {g) can be carried out either manually
or automatically. For example, if alternative gas is being injected into the combustion zone at
the time, the flare operator can monitor the flame generated by the flare assembly (either
directly by sight or indirectly using a video camera capturing the flame) to see if visible
smoke is present therein. If the flare operator detects visible smoke (even after the alternative
gas reaches its maximum flow rate, for example), or otherwise determines that it is necessary

to inject primary steam into the combustion zone to achieve smokeless operation, he or she



100521The flow rate of the vent gas stream in accordance with step (d) of the inventive method can be
determined by, for example, a flow rate sensor that is disposed in the waste gas transfer conduit or
flare riser (as described below) at a point therein downstream of points in the waste gas transfer
conduit or flare riser where other gases and vapors, if any, have been added to the waste gas stream
but upstream of the flare tip (i.e., at a point in the f{%re assembly before the vent gas stream enters the
flare tip). Alternatively, the flow sensor can be located at a point to measure the flow rate of waste gas
before any gas,(such,as enrichment gas). o) t The fl of vent.gas
stream a N L B e e 1 )t A s
measuregdieivratscomiastehgash{o0 53 Petasthiningifithetinjeativry sfprnimekstdeamiihe thae
combusfion zang [5.necessary 19 aclieys smokeless aneraliomin agsordange i sieR (o) can be
carried ot éither manu%llllly ora omatlcaﬁf?. For example, T alternative gas Is being injected into the
combustlon Zonéstcthentinfeptineflarscopeator bancoobitsrahefiarms geharesddy theatarevassembly

(either directly by sight or indirectly u ideo j : if visiple.smoke is
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combustion zone is not necessary to achieve smokeless operation, he or she can continue to inject
alternativepgessittidietarcohfibus dmczemsdtrndesidance WithtBeep i)of Yltﬁehm@ﬁﬂlie @ﬁ@h@gﬁm‘ncluding
the SUb'%&P&%%%"&hL%Q@ﬂ%&’ VA S RXAIRIG S RIMARA SIS AEIRY BNesHRAinto the
combustion zofie at the tinie, the flare operator can monitor the flame generated by the flare assembly
(either dirsetiyioesriblivettlyingirigea tﬂﬁéﬁ@&?ﬁéﬁa@ami@gﬁtﬁ@lﬁl‘éﬂm@?ltoz@é@ i vieiblecshiaikelfs present
therein. 1tiha faug gpaialon datgyings BiakkRete.ising Misible smoke (ByanAfiRiRANCing g primary

steam flow rate to the minimum flow rate, for example), or otherwise determines that the injection of

primary Gtsddiigottise corapstidieteenk islhohncbessappreecHiioasnrskiiasslsparmssannelor she
can ImpiaieRt B fDifldhiTanXa mehed AnAudog e sublers tefeall, ik hg i eperator

determines that the injection of primary steam into the combustion zone is necessary to achieve
smokeleEs 6pe ARG IRAOMEE PAMTOTIRUR TBlinjBeCpMMaOStEans mtacensdeorfbuglioncrdhe in

aCCOrda@F&WﬁMéﬁﬁQéﬁi&ﬂ&B?iWﬁ%‘?%ﬁ@%mgtémlfgjé&“)t.he sub-steps thereof). [0055]The flare

operator may be able to determine that the injection of primary steam Into the combustion zone is not

necessafiff hchibhve rrorefea bperabio AV efiF Sy BBSERANG B BRIKIMP bPTHE AR St B Seing
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monoxide do not tend to generate visible smoke. [0056]There are several ways in which the

determir@ifibify of WRethersth &2isdstion Gleadaly sttt the\ st berte rreoheisaiiak sty to
achieve 3mAkeleSHIoRErAYAR AGRATIABG6E WIhaIRR (B):5anhe auemalicalivearisdaut. For

example, a computer can make the determination in accordance with step (g) based on one or more
parametd®élich Baetseare ieyaekieam Howlrsle, se dsetHERtRG VALY MRS Tt Bigst&redn, the

molecularweightef the uenigassHisalthsRErceHiagsofinertaas-? hayent gassiraam. @nd the
estimated flow rate of Erlmary steam required to achieve smokeless operation for the given vent gas

stream. SGEFIBRFAMEIB & eANSISEhEUSBIPIAESAHAGWRERET vIEBISEHENE i¢ FrERRREfoFthe given
vent gas,sikeaf: atibemasimumJaie efriternalive,0as antdisoeibeexent thereeflNass as
parameters or combination of parameters are often developed and

the vent gas stream flow rate, the net heating value of the vent gas stream, the molecular

weight of the vent gas stream, the percentage of inert gas in the vent gas stream, and the

estimated flow rate of primary steam required to achieve smokeless operation for the given

vent gas stream. Such parameters can also be used to estimate whether visible smoke is

present for the given vent gas stream at the maximum rate of alternative gas and, if seo, the

extent thereof. These parameters or combination of parameters are often developed and



16 provided by flare vendors, but in some cases flare owners and operators may develop and
implement their own criteria or algorithms. [0057]If it is determined in accordance with step (g) that the
injection of primary steam into the combustion zone is necessary to achieve smokeless operation, step
(h) of the inventive method is implemented. It may be that alternative gas is being discharged through
the steam injector assembly into the combustion z 1%ne at the time such a determination is made. If so,
the flow of alternative gas through the steam injec Q assembly into the combustion zone is first shut
off in accordaé'u%e WltHDstee q%g The ressure at which the prlmar steam is disc ‘%}%d into,the
steam injector assembly can be Uil ﬁgﬂileh(faﬁeeq’r i the'Predd r%pgﬁﬁﬁﬁ]ﬁ’e SR gas is
dischargegbietodhalsteamiinjeictoi assembiyundss a result, if the valve allowing alternative gas flow is
open w még ro[\%vI? rma Steam into the flare .tssem?éi%init ted, the steam may backflow into
the alter gas mover (WRTIRCS TsBiF 8 aSHe B LS En e %Blbeﬁf Sy CAIEEHEMEHE to the
alternanmgathafnmbaﬁdmthenequ|mmea§af90@8h%ﬁmwymma@tb@ermﬁﬁha§%d (thrayfgthéhe

steam injector.assembly into the combus |on Z0 ordance Wlth (i), and the flow rate of
the prlméry s{ea r%c Xarge @ﬁ%%‘& he S“f‘é‘g,ﬁ ﬁllrl]eaét% eiggg?ﬁb%ﬁrﬁo ‘%ﬁ‘f‘%ﬁ%‘f%ﬂ }N
determinéd incaccongianee asithngtbpi(hd (ifiy. ddretficorate of thetpeimary sieam daehﬁrmd)ﬁhr@ugh the

steam |n ora emb c be mined by, for.exam a primary.steam flow rate.sensor that is
dlspose N ﬁwe sf dte it pre é% ; o ’Eéragr Wl |<£;Y%48$‘t%fa‘iﬁ§&)‘b5 y]%)ceg% thereto.

elrh transfer con , pre &r
10059]Ttxm§beprmhm01ﬂm ﬁatﬁﬁgttlsbuﬁlmﬁ natec@bpmnaz’rmﬂeamﬁqmqh}e@hsnp@kﬁkﬁwepﬂfﬁmmn

accordance with step (h),(iv).can ls rried.out manuall the flare 0 eratgr atlcally
(e.g., bythe ¢ rﬁ’gu glrg E%)Fléx 3?%%65%%%1&@ %%Hllﬁg%g%%f 5y ki’r?cr%ﬁs%“fﬁ@ﬁﬁ%% Yorimary
steam tm@ia%eesaemhmh;ehwlmmblgame tivelcondiustionhzonenuniil; senokelessoperatian is

achleved Due.to;the cost of steam and in order revent ov I -stea the operator shauld try to
avoid the us% %Q[h?lova‘f%tagfo 1%%1%1? ?giam%s iﬁ}s& sgnn?%anT E erefrfcfﬁ’a P ‘%%fv‘& ?gtaerrl’éﬁtifflred to
achieve Ekmtﬁlla&mmp@ratmmﬂﬂe@m itrésrdeterninddliona coor dandenith stepy g)dhat twaiijection of

primary ste%n}fmto th ?n%gg%]w (%one |stgottler&e‘cf:essa%to achlgiv snlokel Ss operation, and primary

1 dil DO Calsc ¢ dligrnative (639
steam 1 emng SC arge rou Ch %Hle steamrinjector ass II'ltO e com %t n Zbﬁ% at the

time, th@f@m&mﬁmmﬁy steam is first shut off. As stated above, |mplement|ng the flow of primary

steam wpy ve aIIo alte ativ sg;lo open cause da mage. tot air moyer and
other eqm E n%ﬁe}rmofrie91 {l?onthagsgf}i é?é*ntwlﬂ LePT?/\X/eten (ealbl}e%l Efjcre af'w ICPI the's e%llm is
dischargednéwdtme messurecabvdaim thetlaistepdibecHangeddithvotiidan mbe}pm’selblmﬁax metearthe air

o e e SERIISL AR Ao N SRfg s ot L PSR e o

[00611 Dassdulaver-stearstiny (Goricerns] licigitypicatty debicapietoopermatedisefiaged through the
steam injector assembly can be determined by, for example, a primary steam flow rate sensor
that is disposed in the steam transfer conduit, preferably at or near ground level to allow easy
access thereto.
[6059] The step of modulating the flow rate of primary steam to achieve smokeless
operation 1 accordance with step (h) (iv) can also be carried out manually by the flare
operator or automatically (e.g. by the computer). For example, the operator can
incrementally increase the flow rate of primary steam through the steam injector assembly
into the combustion zone until smokeless operation is achieved. Due to the cost of steam and
in order to prevent over-steaming, the operator should try to avoid the use of a flow rate of
primary steam that is significantly higher than the flow rate required to achieve smokeless
operation.
{0660} If it is determined in accordance with step (g) that the injection of primary steam

into the combustion zone is not necessary to achieve smokeless operation, and primary steam



assembly in the alternative gas flow mode whenever possible. In many applications, primary steam is
not necessary to prevent smokeless operation. In these applications, the alternative gas serves as an
effective assisting medium for preventing smokeless operation. A minimum flow of alternative gas
keeps the manifold and other steam injection parts on or near the flare tip cool which helps prevent
heat damage thereto (for example, in the event aélll(: flow flame attaches to the steam equipment).
The use of the alternative gas instead of the prim gvsteam helps assure that the required or desired
flare gas net heating value, steam/yent gas ratio and steam/hydrocarbon ratio are maintained,
particulafy PBAEREAER RS Tt R 0D 82T Ee AR5 TR AU AT W NV htve
method gan @dse dichide-eneenmake additianabftepss [0Q6a] Fitsty grion ik cisciargibg fhesaltérnative
gas through the steam ipjector as emBI into }Te combustion zone in accordance with st%é) t@e(ii), the
alternatiV&JaY e Hakdbe YRS Sv‘f@ri?a‘? EETAMY LB WhErPRRE FRIBRIVS Hietisa 18 Ded to
operate g flaie-assamblydndiagaingcongitionsdrardexampie, differitiel flate assembiyisircastandby
condition or is being operated in response to a low volume flaring event, steam being discharged
through R Bb15 S OBPAE ATy ECHEHE At YCH PG ST AL A T s

situationpdisitsly herdeterminged inadeofianeeswitblstemdg)iod ihenavestue meitog thatit Gonet

necessary tq inject.steam into the combustion zone to achieve smokeless operation, and.step (i)
(including EhEo&8: l@b@%l%%zf%ﬁh%@’n HERAE HetRd is(gcsé:i}gllr é(ﬂw %ﬁ%ﬁaﬁ%ﬁr{ﬁ gﬁgt@ﬁ%ﬂve gas
through the:steBnhinjgeieoassemily-itte. the combustion zone in lieu of primary steam, the problems

associat ith the freezing conditians can be avaided. 18 [Q064]Preheating the alternati as can
prevent g@é\é enr}%\ﬂ‘?att‘?s R%%Wﬁegglg%act%?%ﬁﬁm%rdscotm} quy a 8%15% Fon{{]??l (\Wﬁ%# cég]ned(\afﬁaé%ation
from steageiniheisald steanisepheingypusie dvtnotigh poessianin mectongsisembhs quickdyys
guddenly decelerated due to a bend or‘obstt{éugtion. A V\{ater t‘ia%rg%r é:oquietxiogn(s:a Q%H'g%gae it\h@e ste_am
riser, stedrThjSABH ARSSHbly AR Yt oSSR ST praReS P e Al Hiatve gas alse avoids
problematic cengensatieffafimoisiirein thedalierfiativegasingieivkairsayseatomosiomofithersteam

riser. A minimum flow of pre-heated alternative gas keeps the steam line from the control valve to the
Hare tp W AT A T4P e RO TR S L0 DA T HE SEEA e TODGBY TR
alternativig gasl canidictbaiedeireat aretpohweaysr o Bxamplepthénaberaatite: jas Crrwbiéaheated by
a steam-powered heat exchanger, an.electric heater or.a gas fired heating assembly. If a
steam-pé)% 1) F?e%ﬁe&%ﬁgneﬁé%qg Sggd,%[‘h%% %g?n%%%%i%ﬁlﬁ% Fom t nesgg%%r%iﬁées Hél %?n%er%/msteam
used in thegnventivalmethod:J0066 Tné:inventive methodicanaseinclytemdditiopal stepsttilat can
provide more soRhisticated sontral with respect tg operation.aihe fiare assemply, Thase steps can be
used, for &Xam| Iel,ot%ahe%lgslé)ure tlﬁla%%e Stedim is operated in an stticiént manner and to help assure
that appljoabie reguiptiatiagare: nket afg0B716it, ithdeterminedurbtep(g) osthenihvéntive rrethwd that the
injection of stteagn é[gé[osthe combustion zone is necessary to achieve smokeless operation, a maximum
allowablé 6v1vmr1a%e oPp’rimary steam through the steam injector assembly into the combustion zone
can be cgleaitedFiTkie fow tatdiefiprignagytistedmrtaroughaththsiegntin)ettonasserhblyisto e
combustion zone is then modulated in accordance with §h gv ieve smokeless. aperation
and avoigl% ?T%%vcr% (l,b orsteai in 1(51x%cecsoslcg t eewn%ta}x?}% rﬁt)eaﬁl \iv)ztal1 E)le)d ]%\%gr%tg %?%steam. 100681 The
maximuriitali ewabteptoie uhtdvof.sinh arestdamathrotghtivehod amiajectopasse m Bigrémestiebly
combustign.zone.can he.calcuialed based anvarigunrtela. agluing aoplicabiesauialiopsanith
respect to opera]fi%n of the Hare assem y in the location in'which'the flare assembly Is installed and
algorithmsiegtaptistetbydiefisréove hdon dlareedlanog andior flare besraschigoritiisuastablished by
flare vendors, owners and operators are typically mg r?nsgré' gﬁp%ﬁh%ﬁggs&gu%%@s tq,asgire that
the flare %%%grﬁ%}lye/crﬁlerae Sq/ego% pl%?wﬁ'&nééﬁl?cgﬁ%guIatlgons. For example, While%%/plicable
regulatiosisumi e tallisbeaibrumdary or dirnitstforflarstoperation the mostezonpeticddeefficient

operatlorgmt necessary to inject steam into the combustion zone to achieve smokeless operation, and

step (i) (including the sub-steps thereof) of the inventive method is carried out. By
discharging alternative gas through the steam injector assembly into the combustion zone in

lieu of primary steam, the problems associated with the freezing conditions can be avoided.



19 of a steam-assisted flare may use less steam than the maximum allowed by regulations, as long as
the rate of steam is sufficient to achieve smokeless operation. [00691 Depending on the specific
algorithm(s) employed, the maximum allowable flow rate of primary steam through the steam injector
assembly into the combustion zone can be calculated based on a variety of parameters, including one
or more of the following, each of which is determined in accordance with the inventive method: 1. The
vent gas stream flow rate. 2. The maximum steam]/§ent gas ratio that is to be allowed. The maximum
allowable steam/vent gas ratio can be determined based on ipglicat\a}lﬂg Ejr{;%ufations with [uesg%eé:t to

S

operatiolPBpthe fieh AR MIFHRAOMAESH FWVRIEH e Hare’y TASHENEE. 3. The maximum

steam/hygragarbopsatinthat istaibeaipweaddincordeniaidetdrninethe maximuoidsteemihysinocarbon

ratio, the hydrocarbon flow rate must first be determined.The maxim llowable steam/ hydrocarbon
ratio ca@ﬁ@%@@hﬁ%@ﬁ%@e@%ﬁt%ﬁlF@é‘?ﬁ@?@ﬁﬁ?ﬁ%ﬁﬁﬂ)ﬁ% Ve%@%ﬁ%‘%ﬁ#gﬁ TR0 €fH1 R

fthe flare
assembly-itythe dpsatiendn Whichthenflare assendblyiscinsthliadgd tHehadaniniram adawabjechet heating
value of the flare gas. The minimum allowable net heatgjﬁg% alue of the flalre as.can b% determined

based oASSPBREAHIB T EGRASHGHS AR FRSHe ct 1o St ath T HEFSRLSEIRBIVIN tHE 9t

c%ﬂ%tﬁcin which
the flare assemativis instalad:Silihe meleruer weighticl ta vensgasrsistanuf The swateouter. weight
of the vent gas stream can_be deter%u eed by, for ez%;mﬁle a moIeCfJIar{yvel tsen%or t@gltvgestglsposed

in the waSEGHRYFRAGE: YIHEERE NES S Bélaebsé?glvl\}) A point thérein downstréam of

points initherwasip dastranstenconsiuitordarariseimhese otiengaisesatic vaporsitt any, have been
added to the waste ge%?{ stream but upsgeﬁm of the flare rE

ip (.e., at apoint in th bly bef
the vent §46treaeHESHARG R3A°HP) B e HBENERL g&?ﬁ%faﬁg?lgﬁ{%géé Saer%l%srseﬁ%y SO

va e ven ream. The net
heating yalua:ehiheeuemat igas steamsandedetenvinag-hyafalexdminela et beafing! lehiggensor
that is disposed in the waste gas transfer cogduit or flare riﬁgr s 20 described bedglzws)oggc% Qg)int

therein doWieleart ARG fieWEates (BT AT CETLQINE O

L?It (?r are riser wnere o %er gases and
vapors, ifrenyinamesheenadded i theodstergagatream but upstream of the flare tip (i.e., at a point in

the flare {%%%%?b%}?ee fionrw?eg’gi%g enqgt%%ﬁ Sctggaa 56 nltnecrﬁx Qeaf 5%5'1?21 steps that can provide more
sophisticated control with respect to operation of the flare assembly. These steps can be
used, for example, to help assure that the steam is operated in an efficient manner and to help
assure that applicable regulations are met.
[0067] If it is determined in step (g) of the inventive method that the injection of steam
into the combustion zone is necessary to achieve smokeless operation, a maximum allowable
flow rate of primary steam through the steam injector assembly into the combustion zone can
be calculated. The flow rate of primary steam through the steam injector assembiy into the
combustion zone is then modulated in accordance with step (h) (iv) to achieve smokeless
operation and avoid a flow rate of steam in excess of the maximum allowable flow rate of
steaml.
[0068] The maximum allowable flow rate of primary steam through the stcam injector
assembly into the combustion zone can be calculated based on various criteria, including
applicable regulations with respect to operation of the flare assembly in the jocation in which
the flare assembly is installed and algorithms established by the flare vendor, flare owner
and/or flare operator. Algorithms established by flare vendors, owners and operators are
typically more stringent than those necessary to assure that the flare assembly merely
complies with applicable regulations. For example, while applicable regulations may

establish a boundary or limits for flare operation, the most economic and efficient operation



7. The composition of the vent gas stream. For example, the speciation data from a gas
chromatographic device (a "GC Device") can be used to estimate the amount of steam required to
achieve smokeless operation and the maximum allowable steam rate in an attempt to achieve high
destructive removal efficiency (DRE). 8. Other real time properties of the vent gas stream including but
not limited to the associated thermal conductivity and Wobbe Index. 100701In addition to adding
momentum and entraining air, the primary steam afso dilutes the vent gas and patrticipates in the
chemical reactions involved in the combustion process, both of which assist with smoke suppression.

As the fRAVArEREEMSFEDHBESHIGH JFYAFgHeagaiRes the MM B VaHES TP Aot 6 Ste

required Qs se0ke-suBRLESSION chanaes: bhriaddedsiagies; ofeanteal. provided hy the inventive
method facilitates imparting the right amount of steam to the combustion zone at the right time.

Operatidhif BaraFererd 8GchradithsPsfamAl e At e PAGT RIBSH A r B BEHT SRR J48 et
heating Malugrang flave.gasngtheating alus Gapheaecurmelyisenitellesn80QLIIhe invebtive

method can also include the step of adding enrichment fuel gas to help assur rl'[g{at,the required

minimurfRHatHeARigedaNe: ofhe X Oh PGEINSHT DS 1R EIRRF AR d9asiPL A S Sl SREINEt Baaérﬂ ters are

met. Fokgxamplesthaacial Aelheatinavaluganddheinimem allowable net heating value of the
vent gas stream are each determined. The minimum allowable net heating value of the vent gas

stream can be determined 52584 & ABpIEBRY EYEilations with respect to operation of the flare

assembly in the location imHwhigh theflase assembbaisrinsialiad  4f iheaatual aet Nieating ratue of the
vent gas stream is less than the minimum allowable net heating value,ofé:g vent gas stiea

enrichment fuel gas is adeRPIReSRAR G- st RN ZATArO T SHHREN PRI B F‘%@%tual net

heating value of the vent gag|stieamiBiasleyetthatdsaideast ambighrasitbenbinimube dlowiakle net
heating value of the vent gas stream. Examples of ,enrichwe t fuel gases that can be used include
&

natural gas and propane. ¥ el W Bty Rt s AisE &% dded to the waste gas stream (or
otherwise to the flare agssembiyaf avastegashsiteamismetieingtreleasedaby the fagiliydat the time) in
order to maintain a positive gas_flow through the flare assembly and Tg_r,eve t ?qir %nd a%ossi?ig other
gases from back flowing %?W?Efﬁ%&é%‘mrﬂéﬂg% TAE R BE s EY EERBAR natural
gas and propane. Depenging erutie fpgatian ofishedlaiel. applitablesegulationslovaprequicerthat the
purge gas be a combustible gas. 100731As they are considered part of the vent gas, any enrichment
fuel gas, purge gas or otﬁgpﬁ%ffégoéhﬁ‘%ﬁapsgfa%%@%?ﬁ %i?ﬁgfgoé]agp&[?lg%ﬁag%ga%%ds I:%’\%re the
flow rate of the vent gas stigam is sepsemband hefdrethe matecuathweighi @nth ndiibieatingaalue of
the vent gas stream are deteglkg‘ne_d.,Altern tively, the flow rate and other properties of the vent gas

stream can be determinedSi5@HREEH BEBIEenrichment fuel gas, purge gas and/or other gases and

vapors are added to the Wastemgasstreanwhblexarmpienthedlowotate:of dhepaentGasrsing@amrcan be
calculated based on the inﬁividgil flow rates of the W%?rslig s and other strg ms an %ther variables
r]1 {tiv

as known to those skilleddHANB AT "FBFFRRREN S {§a8e %&cﬁ%rg%%r%}rpbeug isa

& steam

injector assembly into theappinhbktigzatenn wttorsanaewithestdp(Pf the fnventivenhbtirothean
further comprise the step of mOdUIatin%?%%ﬂrﬁlW of the a%l}ernative Qa through the steam injector

assembly into the combustBHPBAR "ESHeXSHETS, THERW 5 Aitéihative gas can be modulated such
that the air in the alterpative-gasldegdamnetigxceédhthecamauntiearmesponding toltheveghtexplesive limit
as is well-known in the art. . . .
vent gas stream can be determined by, for example, a molecular weight
sensor that is disposed in the waste gas transfer conduit or flare riser (as
described below) at a point therein downstream of points in the waste gas
transfer conduit or flare riser where other gases and vapors, if any. have
been added to the waste gas stream but upstream of the flare tip (i.e., ata
point in the flare assembly before the vent gas stream enters the flare tip}.
6. The net heating value of the vent gas stream. The net heating value of the
vent gas stream can be determined by, for example, a net heating value

sensor that is disposed in the waste gas transfer conduit or flare riser (as



The Inventive Flare Assembly [0075]Referring now to FIGS. 1-3, the inventive flare assembly is
illustrated and generally designated by the reference number 10. The flare assembly 10 receives a
waste gas stream 12 at a varying flow rate. 100761 The flare assembly 10 includes a foundation 14, a
flare riser 16 for conducting a vent gas stream 18, a flare tip 20 attached to the flare riser for
discharging the vent gas stream into a combustion zone 22 in the atmosphere 24 and burning flare
gas in the combustion zone, a steam injector asseffbly 28 associated with the flare tip, a steam
transfer conduit 30, an alternative gas transfer conduit 32, and a control unit 34, A waste gas transfer

conduit 36 transfers the vigsta bpissiedim 2 Rof@asbeTHosOIMBSHRARYlonME T dPet i &8, #85ilot
assembly 38 is attached {0, fhe.flars, Hsgroterand fare (R0 o2& (9944 LAl JigrsJisernincludes a lower

end 16(a) attached to the foundation 14 and an upper end 16(b). The flare tip 20 includes a lower end

20(a) attached to the upp@r@rtidaly shens i earsareny dy upperansehabgdlard 2oy 0781 The
steam injector assembly 28;includesra steamytiserAluidly connsctedin.asteammaniield)41. A

plurality of steam injector nozzles 42 are fluidly connected to the steam manifold 41 for injecting
primary steam into the’ corRSLRBROSHHE 22 BOVOYTEe S infEBt 6 HHERe 4 PREFEEIBIEt steam

into the combustion zoneggiacenitheflargfin.2hinaspirate air fiom theswrounding ajseasghere and
inject it into the discharged vent gas with high [evels of turbulence. The jets of steam from the steam

injector nozzles 42 may SErAEEtgAREIIEH IR AR BURIE o hisss Seikrlgtherasras tthis

prevents wind from causigg:. flame; puthdowpaserndthe.flase:tin, The iniesied steam;aspirated air and
the vent gas combine to form a mixture that helps the vent gas burn without visible smoke. [00801The

steam riser 40 has a lowel8BEGBHCABAAATIFISEF 84BN 48. The lower

8. Other real time properties of the vent gas stream including but not limited
to the associated thermal conductivity and Wobbe Index.

[0678] In addition to adding momentum and entraining air, the primary steam also dilutes
the vent gas and participates in the chemical reactions involved in the combustion process,
both of which assist with smoke suppression. As the flow rate and/or composition of vent
gas sent to the flare tip varies, the amount of steam required for smoke suppression changes.
The added degree of control provided by the inventive method facilitates imparting the right
amount of steam to the combustion zone at the right time. Operational parameters such as the
steamy/vent gas ratio, steam/hvdrocarbon ratio, vent gas net heating value and flare gas net
heating value can be accurately controlied.
{06717  The inventive method can also include the step of adding enrichment fuel gas to
help assure that the required minimum net heating value of the vent gas and other required
and desired operational parameters are met. For example, the actual net heating value and the
minimum allowable net heating value of the vent gas stream are each determined. The
minimum allowable net heating value of the vent gas stream can be determined based on
applicable regulations with respect to operation of the flare assembly in the location in which
the flare assembly is installed. If the actual net heating value of the vent gas stream is less
than the minimum allowable net heating value of the vent gas stream, enrichment fue! gas is
added to the vent gas stream in an amount sufficient to increase the actual net heating value
of the vent gas stream to a level that is at least as high as the minimum allowabie net heating
value of the vent gas stream. Examples of enrichment fuel gases that can be used include

natural gas and propane.



section 46 of the steam riser 40 includes a first fluid inlet 50 and a second fluid inlet 52. Each steam
injector nozzle 42 is fluidly connected to the upper section 48 of the steam riser 40. Specifically, as
shown, the steam injector nozzles 42 are fluidly connected to the steam manifold 41 which is fluidly
connected to the steam riser 40. [0081]The steam transfer conduit 30 is fluidly connected at one end
56 to a source of steam 60 and at the other end 62 to the first fluid inlet 50 of the steam riser 40. A
condensation trap 63 and condensed water outlet%ﬂipe 64 are disposed in the steam transfer conduit
30 to separate any condensation that m%gccumulate in the steam line running_from the source of

steam 6007RE st&aratransieicaliguiesnddedids bFdRAsEN AR a SfeaReEBIF oI Ak 5 (and
associated opakating Gotkal.A6)whichopsrates dogental kmadulateandiontumenaithe flow of the

primary steam stream 70 through the steam riser 40. As shown by FIG. 3, the steam control valve 65
(and assoeiatEs 6peasting, FBntor sy s HshesBermatienahba #H et SHat P sHRESRESIs

(modulaes.aneiar EsRRaf ﬂ’f@éﬁﬁWﬁaﬁm &'@ﬁ%ﬁ@ she-steamiransial-aqndutidiR-dpedirst fluid

inlet 50 of the steam riser 40. Manual steam control valves 67(a) and 67ib) are also disposed in the

steam tradsfat eanauit BORSRal SRR e BE My ledmifouwrPtaere sl @snduit to
be manyally;shulpfhigalaw. far.exammigsdhg sigam control valve 65 to be replaced). A bypass

conduit Li 68 is provided to allow some steam to bypass the steam control valves 65 and 67(b). The

bypass ¢8h&tit 68:mElenesLBYHESE MR AR E B0 ShepBieaeErBIR W HEh S WL H5e2foW of swam

through ghe.bypass.cenduibio hesshub afffnasessar-{aRB21d herlieraativaigas dansfeneonduit 32 is
fluidly connected at one end 74 to a source of alternative gas 76 and at the other end 7%to the second

fluid inle¥ &2 BRIHEtoTels SEBeh 46! SEfRE ShsamYRBH A0V HIsE At stivs Y e (& dBndE 32 is

also fluidly;copnacted iRRmakielnative.gas «antrakvale :(and asse¢iripd-operating eantwak80)
which operates to control (modulate and/or turn on-off) the flow of the alternative gas stream 84

through $HEXeaH PREFEIMMS SRR Bl FIRE0%s SRECRRSTALINR 8iis ROV 90 9RAH S8 ciated

operatinggopieRl:8Q)isdigRpsedhin thedltarnativengastransiergendiitiidand.contiels/tmogitlates
and/or turns on-off) the flow of alternative gas through_the alternatjve gas transfer conduit into the

second FURPRIENS Blfithased for DB BTG e AR HELTS A0, B ARG A3 BN SRS JE€Wntrol
valve 8l isialg-pisposes in thesteamitansigneangduit 3 for allowing the flow of alternative gas

through the alternative gas transfer conduit to be shut off ?to' allow, for example, the alternative gas
control VU&7 9 tSERepisEr o3t AS bR Bireish dhthal R iy ‘E:%tﬁfréllsé)%ﬂ%ﬁégl@ﬁlae

associatgghapetalingsential86)dand thaakematve.gaseonirolvalvei/hiandhasosiated-operating
control 80), are independent of one another and disposed in the steam transfer gonduitb 0 and
alternatifias PARLIARRBAMRITRY, PedpRalivalting SrsciiSBE HEDW AR SRIE o ARSI FI 20, the
on-off fupgligmMfithe stes. contalyaive 8% (and assheiaied operatingconital 6] ant altermative gas
control valve 79 (and associated operating control 80) can be comhined together as a three-way valve
and ispBECRIBFHACEHBLNS AE8HOhETHFRESRILY 0 ARG SO e AR SEACH MPD! valve
65, the gltgmative.gassontel malve 79 and at least one associated operating control. [0084]The
control unit 34 controls the steam control yalve 65 (and associated operating control 66) and the
alternative gas control valve 79 (and asSediatEt spethting Coftol 80). As illustrated by FIG. 3, the

control umit'3% compferrisateswith thia operatmgtaentrekat ef therstassancolstrad Vidlverfdyandy of
communication line 86. The control unit 34 communicates with the operating control 80 of the
alternatiSs A oT P UPHRED 7 sy F SV%?eCBH?ﬁ%Eilc%tithi 8%??%%;@%638%%&% \;%C *and
alternative-gas coairohyalue fhareatemotely controlled. For example, as described below, the
inventive flare assembly can 24 incl ((ie S Qistic ted caontro] equipment an ctionality. In such a
system, HE&"&kear BOHPST ﬁﬁ?@gg'ig ERBTIF? ticall Pﬁlgaﬁ%eléﬁt% oaﬁ?réistﬁe?gfrﬁ%luﬁ?%augnl%?y steam
being disehaigedikipugb, the stedprinjeciohassethblie achidue dinbkelss hperatigasviteut
providing too much steam to the system. Similarly, the,alternative control.valye 79 is automatically
modulat&d Bt Ffﬂgréﬁ%ﬁr%t%ﬁ%lfﬁ%n%%%%%r%hgﬁga 1V(ll‘clqsc Eénrié}ggﬁ rodgh fﬁehééfe%)r%ﬁ)rlﬁsgﬁ%r
assemblyoide steam iegntrel yakmidysiémsiodhtding ivalkiesiboe 6if(a) snah6 Tith){=anditheial@rnative
gas valve system (including valves 79 and 81) operate in o ition_to_each other.such that yhen the
Tow o1 pFAIS A AL GRRE IO S) it Mo T 1 WH A7l ok vt e HasiEH ERR 87
transfers the waste gas stream 12 released from the facility to the flare riser 16. A pilot

assembly 38 is attached to the flare riser 16 and flare tip 20.



[0085]The control unit 34 can consist of or include one or more calculators, computers (and associated
hardware and software) and/or other apparatus necessary to control the specific inventive flare
assembly in question. For example, the control unit 34 can be in the form of a programmable logic
control ("PLC"), or a device with logic embedded in Human Machine Interface ("HMI") script or
embedded in a dedicated controller unit. [0086]The pilot assembly 38 includes a pilot fuel gas transfer
line 92 connected at one end 93 to a source of piI@tzfueI gas (not shown) and at the other end 94 to a
pilot burner 95. A pilot fuel Etas flow sensor 96 is disposed in the pilot fuel gas transfer line 92. A

commurlR&Hln lindodey riiser s fold ¥ensar 96 @ tREaEBetr&p Jht REFRESHWAZ dithe pilot
fuel gas lg?gab&}e piorexamples toraceeHnilor thahealconienieiihe piokiugfeddaithepjlot
0

burner 9 enable the Net Heating Value of Flare Gas (NHVFG) calculation (discussed further
below). Afpitetigisiteranmad7idaprichedaessE€A8(0B to an ignition source (not shown) and at the

other enghio thﬁ@”ﬁ&&&!f@é&ér The Rilpt byrner 9&is Pesitianastinghe) GRIMbuSHA 2N 22

adjacent to the discharge end 20(b) of the flare tip 20. [0087] The source of primary steam is a boiler

100. TheBeHerro0d’cHargd stivsbfnriryieteainsrkim Ay st 4 SurciemiPhighpresdute Beforce the
primary steamstieaity thresghibe:siepmdiansiansanduit3intdhersieapnriser 40, through the steam

riser 40 into the steam manifold 41 and through the steam injector nozzles 42 into the combustion
zone 2246888 THE AR AR VBIgES AR IThetAirihesf BElKediGith SUSpIEmMERAPLRYSM ANefor any
other gagges)-usad 3.4 Metvefuid farductaininie thesieamdniesiopassembinitameaductne is used.

100891The source of the air (and hence the source of the alternative gas 76) is the atmosphere
surroundlisghitafhrenisssmply phrrsek ok B RbePEfrobgR He ARt ga0 ¢35 erR MUsRGRIt 32 into
the steap,risgk 49, fuough, the: steammiser Aintoae SlRRMINanifald 4lisndth mughithe Steam

injector nozzles 42 into the combustion zone 22 by an alternative gas mover 104. For example, the

alternatiPEcyampved TOM&ABEE st BIOlvEP HaVHG RS dhanik i elitrend Pt S L otitpessor, an

eductor gra.corpRR-digcharaselecttonaticcall raver ARl fithemalierartivengassmorenifdis an
eductor, steam can be used as the motive fluid. Steam used as a motive fluid in connection with the

eductor, Yétbitei®)Berein as supplemental steam, can come from the same source that provides the

primary $@80). theisteammouse £0 wbigh isvhesbeiles 18010081 LRepanding orstherapplication, the
inventive flare assembly can also include one or more additional components

section 46 of the steam riser 40 includes a first fluid inlet 50 and a second fluid inlet 52.
Each steam injector nozzle 42 is fluidly connected to the upper section 48 of the steam riser
40, Specifically, as shown, the steam injector nozzles 42 are fluidly connected to the steam
manifold 41 which is fluidly commected to the steam riser 40.

[0681] The steam transfer conduit 30 is fluidly connected at one end 56 to a source of
steam 60 and at the other end 62 to the first fluid inlet 50 of the steam niser 40. A
condensation trap 63 and condensed water outlet pipe 64 are disposed in the steam transfer
conduit 30 to separate any condensation that may accumulate in the steam line running from
the source of steam 60. The steam transfer conduit 30 is also fluidly connected to a steam
control valve 65 {and associated operating control 66) which operates to control (modulate
and/or turn on-off) the flow of the primary steam stream 70 through the steam riser 40. As
shown by FIG. 3, the steam control valve 65 (and associated operating control 66) is disposed
in the steam transfer conduit 30 and controls (modulates and/or turns on-off) the flow of
steam through the steam transfer conduit into the first fluid inlet 50 of the steam riser 40.
Manual steam control valves 67{a) and 67(b) are also disposed in the steam transfer conduit
30 for allowing the flow of primary steam through the steam: transfer conduit to be manually

shut off (to allow, for example, the steam control vaive 65 to be replaced). A bypass conduit



[0092]The inventive flare assembly 10 can further comprise a heating assembly 112 attached to one of
the alternative gas transfer conduit 32 and the steam riser 40 for heating the alternative gas stream 84
that passes through the steam riser. As shown by HG. 3, the heating assembly 112 is attached to the
alternative gas transfer conduit 32. As discussed above in association with the inventive method, the
heating assembly 112 is particularly useful when the flare assembly 10 is operated in freezing
conditions. By discharging alternative gas through*the steam injector assembly 28 into the combustion
zone in lieu of primary steam, the problems associated with the freezing conditions can be avoided.

Preheatfiyitheralisishiival s sHBameapie RS Is4GeSaAIh O WERer HYRAerAh A inl Ennection

with the sfeam Jisar, 4% steanyiis Hor Assamblyr 281904 Rasgriated-eayiomenh andwayaidsiproblematic
condensation of moisture in the alternative gas. [0093]As illustrated, the heating assembly 112 is a

steam polviran Shstehtheube HeRBLEHAAGSSIBYealh frdfAcasaburce of steam (which can be the
source qh§ieaM 69 naMmENIDe BRllerlOR) Isdpa ntoihe hRAURI RsseBIkly -t Iainedghatinlet 114

therein and exits the heat exchanger through an outlet 116 therein. The condensate and spent steam

can be regyeraitel abicaol Srahi b UMMERIE WAL bRSisePsr Hidh s¥s of abLbrdmytto

applicahle fegulations,AlGaively e h%@n&t@ﬁ%ﬁm@|¥a@%e§%&b%&fﬁ@iﬁ@@ﬁsﬁ@%@ﬁﬁﬁ@}@aS fired
heater. 26 100941The inventive flare apparatus 10 can also include additional components and

equipmeRivatesnathal aret BSpER A TS b bisef e WRRSAHHEE PRSI ¢ 1 5EoPEidnple, the

control ypit 3¢-cap be.gxpanses igdnsiude additanateauipmentandfunetionalityie faciiate4he
higher level of control. The additional equipment and functionality of the flare ?Ep?é%‘%‘fféo allow the

flare apphrenas (59 SEFoRaItsTEre AfiPREIE Bid olNing apRREAHIES SGhIEEY iR sensor

130 is agsogipted wikiihedlam disekdp fonsppsiagithmiandalaot thesvenigas siteim 18.and
Specifically, the flow sensor 130 is disposed in the waste gas transfer conduit 36 at a point therein

downstréan¥ R ganduataser kST gRs RRMEferb Al MhahEeTatter RS Lo Jors UtREAAY®

enrichm%@g fuglgasand RIS 98s e Addeditonlbe sastergam skearsiba. Fobexampanthestiow
sensor 130 can be a GE Panametrics Flare Gas Meter Model GF868. !0096]The control unijt 34 is

capable H-cAicuriti d BIRKIHESARIORAMI S HOG hts aFprsns St Fbigh THE LR &P #8ctor

assembly 28, inigdhe.cambpstionzanema anchmedulating dhadiaw rateel pamaty ssaanitthrough the
steam injector assemBIy into the combustion zone to avoid a flow rate of steam in excess of the

maximuslEIBHAIe Ry Fate srariarherE EaHio Lanit R reliondite Yo BReAEMN rate of the vent

gas streggshd. A gomympuRicatiprdine #4tuns fromdnegoptesl wnd 34teithelfiow aengorohdoi The
control unit modulates the flow rate of primary steam through the steam injector asseLn%) 288¥1é:)y
nication line 86

controlliff§ thanstelhm BoARdl VaNE B8R R Ah%m/ i reNatitSC R HE CORIR
running EEQREPH%&R NiFQlenih3thée 1he eREsatnencORER)HE ehibRconihlivalvertb)l {RaTHA flaw
2

sensor 142 for sensing the flow rate of the primarygfﬁg%m stream 70 ,discha{gﬁg}tqr u_%th the ﬁeam
injector é‘s%@’rcﬁbﬁ?’?‘é‘ﬁg SSSUERRHGth the LRSHRCHSRF Y. PO PH KEhEO 142 is é)ogi?’o%a in the
steam trapgfabcmdHit 302t apeiot theveip downsiteametithecstean contwdldmives Ghehiafd)and
67(1)), and communicates with the control unit 34 by Waﬁl/ oga%gommtg%nicati(g line 144. For example, a
vent gasZHEVG AT STHEF s Trifsses SRh AP A e SigRAP e BB Mt GO € 'r%?%%/}tlﬁle Yol sensor
130 and dlew seRser k42 dadthRpertmlinnika4tida thscomThmicationlinesalas 201 dZd)tivhigh
enables the control unit to continuously calcylate the steam/vent gas ratio and maximum allowable
flow rate' B¢ PR RF stsam ﬁ%fﬁ@%‘fﬁ?é’est%%nﬂﬁj@&g?aé&ee%I;??ﬁ%‘b%lhgabéem%gu igﬁlaﬁgﬁ%%rol ©
modulatessociated operating control.
[0084] The control unit 34 controls the steam control valve 65 (and associated operating
control 66) and the alternative gas control valve 79 (and associated operating control 80). As
illustrated by FIG. 3, the control unit 34 communicates with the operating control 66 of the
steam control vailve 65 by way of communication line 86. The control unit 34 communicates
with the operating control 80 of the alternative gas control valve 79 by way of

communication line 87. The steam control valve 65 and alternative gas control valve 79 are

remotely controlled. For example, as described below, the inventive flare assembly can



27 the flow rate of primary steam accordingly. For example, the flow sensor 142 can be an orifice flow
meter (including an orifice plate, differential pressure sensor and transmitter, and fluid temperature
sensor and transmitter). As another example, the flow sensor 142 can be a pressure tap and gauge.
The primary stream flow rate can be estimated based on the pressure and the hydraulic configuration
of the steam transfer duct system and injector assembly (including the length and diameter of the
steam riser 40 and total exit area of the steam injeéfor nozzles). 100981A flow sensor 146 for sensing
the flow rate of the alternative gas stream 84 discharged through the steam injector assembly 28 is

associatB¥ #ith Beehdtdisaicdser o TeRRSIE - R8Er TU6tieRtiionbY THYh e attstrakVdg atehEnster
conduit 32afA PRI thereindownsigameuuRstieam.ehths allemnative 9as,EeRiFp Yalkeadand 81,

and communicates with the control unit 34 by way of a communication line 147. For example, the flow

sensor 146ckareRt BROEicd oNsHBIaR  PRGISATH HoP SEREEH capPaMEhs s meRsrasion thibiRE meter.

As anothgp GXamRis, MEHoW-6N$0NH46 caPe RIBSEUrS LR A GALYSs ThRdarativegas
stream flow rate can be estimated based on the pressure and the hydraulic configuration of the steam

transfer BUCIEGa riiHretoFaseRmBb I E IRy Tha leRythvarersibs ek shaetdbmyder 40

and totahgxitaneagbihg ateambivieqiar fezaeshikI0RARRIRCYIAEWEIBhT 8RRSINY, devige kb0 for
determining the molecular weight of the vent gas stream 18 is associated with the flare riser 16.

SpecificAlCthe BevikE 1818 8iEposeY ifife WALE gHathahisR radrriuil 36t afioimnsdreinn

downstregmafipgints idhewaste gasiansies Lopdulbwhere RIhRHIasesPL VRO s sUBPRSHf
enrichment fuel gas and purge gas are added to the waste gas stream 12. The control unit 34 is

responsRIETBARE #d1dt 0fkr WEigiseoria vent gas stream 18. A communication line 152 runs from the
control ypig$ to the maleeulaniveighhsensifg: dgviea kddid 884 QR livRetheatingvalye seasing

device 154 for determining the net heating value of the vent gas stream 18 is associated with the flare

riser 16. 8 ARAITthd AErTEay vEMievaBHs il @a ViRl s RIS o BBEF A WartBtplstianster

conduit 3featra: ReiehiRergincavesiream gheaints indhewasip oas tansienaanduiwinere qiRer gases
or vapors such as enrichment fuel gas and pur]%gqgas are added to the waste gas stream 12. The

control UARBA i< BESEHETE RS e KetHiming Neiue: oF tAelesise gadtstrgine il eades dhitvitattion line

155 runsviemdhencamite! epihBd tocthe deviaBoliadd 146 HRAAId tbateantrahunit 34 calculates the
maximum allowable flow rate of primary steam stream 70 through_the steam injector assembly 28 into

the combU&fin 248 BROLASSIEN B ERtcRLI N dhedB ASBREIIeT dgnambriarith PBS 58Et to

operationofdhestiare-asssmblyiin the peatipsyn whichtheflane-assemblsis instalieshangsalgorithms
established by flare vendors, flare owners and/or flare operators. [00102] Algorithms established by

flare verfdbts, BAn&RS dMPoperitirs ArdSy/BriRy e ‘B ing et tHeh BosEMEEEsEry trasstire that

the flarecassenmibbscompliessvithrapplicable reguiationsave to the cansaquense. ofhemeqmpliance.
For exam {E,ﬁawhileéfeé;ulations may establish an upper limit f;; flare operation, t%% ost economic and
HoR'oF M

efficient O RS SRSrANAS TG TR &Y iste IRSOUIEAN Ha R TRECATRIOnDGIRIR
regulatiaBg,:asHepd@svthadiate of stean ibshlfidibatiig:-achieye SMmakaless EPEVaiD: 1003031

touch (TBSHEEth ITUEToF SEsemty A 18 UomiEiohins 2CHEA B CACIEN by FeEBHEBI unt
based oscar¢arigty ehpargneters, inchiting:aneormare pfitheieloning, eachabwhiehds gretermined
I BT I e Comnea e s et o e e et 839 A S e Rere 1ip 20.

(6087} The source of primary steam is a boiler 100. The boiler 100 discharges the primary

steam stream 70 at a sufficiently high pressure to force the primary steam stream through the

steam transfer conduit 30 into the steam riser 40, through the steam riser 40 into the steam

manifold 41 and through the steam injector nozzles 42 into the combustion zone 22,

[0088] The alternative gas is air. The air may be mixed with supplemental steam and/or

any other gas({es) used as a motive fluid to educt air into the steam injector assembly if an

eductor 1s used.



2. The maximum steam/vent gas ratio that is to be allowed. The maximum allowable steam/vent gas
ratio can be determined based on applicable regulations with respect to operation of the flare
assembly in the location in which the flare assembly is installed. 3. The maximum steam/hydrocarbon
ratio that is to be allowed. In order to determine the maximum steam/hydrocarbon ratio, the
hydrocarbon flow rate must first be determined.The maximum allowable steam/ hydrocarbon ratio can
be determined based on applicable regulations wit# respect to operation of the flare assembly in the
location in which the flare assembly is installed. 4. The minimum allowable net heating value of the

flare gadOMBSIminTherrcatowablénctindatfighraie BF tie isre Gadie A BRdate B ePhdscdon
applicable, fegylalions WiieSRREtia-oRetation of dherflare asemlly indhlogatianinahichuihe flare

assembly is installed. 29 5. The molecular weight of the vent gas stream 18. The molecular weight of
the ventitpasfetreand 5aA badeter itiee Beridf ckarnpleths Meratire WRighe Shssrimataeitildosed in
the Was&?ﬁ]%%ﬂ{&%%@{ genduit.or flare Jises (as desgribedbelam, st spaint trergindowasigam of

points in the waste gas transfer conduit or flare riser where other gases and vapors, if any, have been

added t@ahewesstd Yhs Burearmnleupsurd et (A e3rotisr (84 SabsoihahBINArRE 52855 Bly before
the ventgas siream efersqhe:lare finksshhenethiraing value ehthe wantgasistieamdd athe net

heating value of the vent gas stream can be determined by, for example, a net heating value sensor
that is digP&sed in the waste gas transfer conduit or flare riser (as described below) at a point therein

downstregme Painign,hewasie,gasiirasiecondyitandiare sissnwhareothen gases andivapors, if

any, have been added to the waste gas stream but upstream of the flare tip (i.e., at aggin.t in the flare

assemblfjibéforaehe ViRt gasistreaecltitsithe MR, YitkHB G 6MISUS O ST VAR YRS Stream.
For example; the speciatian data fipm dogasichigmatographicdeyiceda "B eviee )iean, hawsed to

estimate the amount of steam required to achieve smokeless operation and the maximum allowable
steam ratean anuare At tEcRcsiEVEDRIgH dB8tructive removal efficiency (DRE). 8. Other real time

propertiggaqfithe veloasstieamenplidingdautnotiimied tathe.assasiateshthrimalicarduetivity and
Wobbe Index. 1001041 An enrichment fuel gas/purge gas transfer conduit 158 is associated with the
flare risé@@@%ﬁ%@@hﬁb@ﬁﬂ?ﬂﬂ%ﬁt fuel gas and/or purge gas to the waste gas stream 12. Specifically,

the enrim fuel,gas/puige:oasransiernondyitdsSisaispasegindhe nasie:gasdrasisfericonduit
36 at a point therein upstream of the flow sensor 130, molecular Wei%ht sensing device 150 and net

heating WERASXEHSHY GEHSH SRR VR 1Y HEVAN S ABB lai BEHEi STt bpaa ﬂ”Oéélr‘?ﬁtéﬁlgé?i is

disposed, jn.the;enrichmeat el oasipyae.9as ansierconduit $58. The fuelgasvaiier160 ise
controlled by the control unit 34 via a communication line 162 runnigggé%)ﬁ the control unit 3410 the
~St

operatin}esdngotSEe 1 bF the fife FHAhEEHR NGal B 8H YO GHO ST H1E Wseraos NSEIREES with a

layer of insulation A6&-whigh Relpsikeen. the steamuiser wanmanmainiaimibe tempesaitrecafahie primary
steam stream 70 or alternative gas stream 84 and prevent fondensatio ..The layer 8f insulation 166 is
Wrappedué‘?gﬁn(‘fm@ §H_§am&sa@pbly 10 is operated 1n freezing conditions. v discharging

alternative gas through the steam injector assembly 28 into the combustion zone in Leu of
primary steam, the problems associated with the freezing conditions can be avoided.
Preheating the alternative gas stream 84 prevents issues with a water hammer condition in
connection with the steam riser 40, steam injector assembly 28 and associated equipment and
avoids probiematic condensation of moisture in the alternative gas.

[6693]  As illustrated, the heating assembly 112 is a steam powered shell and tube heat
exchanger. Steam from a source of steam (which can be the source of steam 60, namely the
boiler 100) is fed into the heating assembly 112 through an inlet 114 therein and exits the
heat exchanger through an outlet 116 therein. The condensate and spent steam can be
recycled to the source of steam from which it was obtained, or disposed of according to
applicable regulations. Alternatively, the heating assembly 112 can be an electric heater or a

gas fired heater.



1001061 As shown by FIG. 4, a heating element or heat trace 168 is also attached to the steam riser
40 to provide heat thereto. For example, the heating element 168 can a small tube wrapped around
the steam riser 40 through which steam is circulated. The steam can be provided from the steam
source 60 if desired. As another example, the heating element 168 can be electrical wire that is
wrapped around the steam riser 40 and connecte%o an electrical power source (not shown) to
provide resistance heating to the steam riser 40. The layer of insulation 166 can be placed on top of
the heatjn t 168. [00107] FIG. 5 shows nother onfiguratio team |n ector assembly
28 that iﬂﬁgﬁi useaRinEEHIEE |ﬁpﬁ‘?‘éaﬁli\§eh ivefia 5855%%‘-@ Piod{ﬁ 8“8‘ n(f?dﬂpg A t\%citeam
risers, 4&§aitpaﬂitdn4ﬂ(§l)aﬁtﬁmﬁﬁcﬂfﬁélappﬁfd@ﬂﬂfﬁarbesmt‘mamdwmﬁﬂagherglasdbdﬂ\@ﬂtﬁéreﬁbﬁteam
manifolds 41 gd 41$ )[ Ed sets of stea |njector ozzles. é%a%% ).. The set of steadn
injector 15) SPBIER B Wit oftné HATECKR 26 v Faid NS A 1Ks a2(b)
are diSpﬁﬁﬁxﬂi@taﬁtdetﬂnefitamatm tAcsteaietransier e0rduit 0 anthassodiated steaimoentrandalve (not
shown) : alt ative gas.transfer cond g ociated aIternatlve control v Ive 79 are
associa g@ﬁ%f%ﬁ@@t%ﬁﬁ??@e% Zgéj BB TR TSN Hgé SRARTHTe O HSW the
inventlvaﬁtaeecaﬁﬁgmlpbhcamlé)ﬁag@nﬂ@u@ed and how the inventive method can be used in association
with dlff?#% onfig atlons off e. assemblle g(r)%hOB FIG. 6 shows the uset? ahblower 1?0 with a
variabl %%ﬁ %%"55, I%ﬁﬁh‘ﬁﬁvee d% over o4 st the I%{/é%l%ls\}% lare assemBIy 10. The
blower 1%@ ﬁ‘mmﬁfﬁm 1Re apeosphiéyetsurflowncingpthe ﬂa‘amtaeseeﬂbtythmtvﬁste@astttmmgh the
alternatlv nsfer condyit 32, into th stea rlsert40 a{td throtu gh th%e am |n cttor ssembly 28
into the % s ﬁ‘ z%r?énﬂﬁﬂfﬁfﬁ%éﬁo ated r‘?aéh PUEULL BF 2 S oRT Al om%{tl%oa ‘élrnatlve gas
control \tﬁhtﬁ td4{andvassociatbdae peratingetoirdl gaTéSe)miismgecgm the alterhativeegasstragsfer
conduit 32. Th Ite ative cantrql valve 174 o, rate ction with the altern

control \?éllv% 3 co%tr%}fetﬁl‘é) %0\%1 of?zl;ﬁt\ézfrrst%t1 Rre glalli;j roug ul%?r‘ri‘a atve %;as rangeha@o/g(? it into
31 the sktafd @tﬁ\&iﬁmlet 52 of the steam riser 40. The control unlt 34 controls the alternative gas
control 74 the ouated ti ontrol 175) viaa c ication I|ne 176. The
alternat\i@eh/ggt ﬁ% Ve f%aéfa goc? mote )}a cglr%tl% fet I%Iavm1 Wo a@[gma{f?ve%gas contrgl valves
in the alt&tnamyec@amtmmhcrhﬂedmm ptmtdesaﬁeemd@t@ﬂtahtmhhmlcd%nb&m plengh&altstnative
gas control va ve 79{ can be used tP modaur atse£ ;EQK% f 1(1)f aI |ve qgset:h(g(r) Q@th aIte naélve gas
conduit f:né)w 2855 e SEEORH alternative gas contr o(f\)ga can use tnrn oh'and turn off
the flow afralterniative gas throndgahﬂhe/atte:mﬁmﬁmgas emﬁalbﬂmqﬁmﬂmpﬁt@ll&m@mme of a

second ayt matlc feam co trol \{3512(3 178 (and as t%d oRg atlr}gtcontrol 179 dispo $8! d| the
1t 1§ 123 1151 OW he. ven ?h E%E]
steam trandfer conduit 30, The Steam control va ve opera &s’in conjunc eam control

valve 65ctorcomtioktioe flow bi%temmﬂimm@h thatstéam tidhsfethednawits8dsimd e Sbeonafioid inlet
52 of the steam r 40. The con roI nit.34 con rols troI va lv

esociattl oG Lo o e R M AT TS JAYE R BT ao
remotelycomtitited. thtavibguiwocstear caitrol 8alves thethetsteanr srefisfe contidtit3®0 provides for
additional control. For e, the steam control valye 6 he us 0 t IPYﬁeOf steam
through Hhe's le}‘%tlr(ha?r%%s é?n}:%n lgﬁefv? glre%as tOe]%{t)ga}‘r%écg%?r%I%glvg%fé{é%a%gé%etﬂsge% I)to turn on and
turn off thenftolwelwstéaim through the steam transfer conduit 30. [00111] FIG. 9 shows the use of an
eductor it (e afisative, 09 meyer gl e IVRNIYe lgrqassembl 10 Hhe adyelor184 uses
supplementa I steam (whic can e steam from"the steam source ame y the oiler 100) as a
motive fm@m@rgﬁé\ﬁdmugbrthameeamwmgemmmaﬁwg thredtere dseentbiysaarnforse #thrbugh the
ahernaliye JAR NSt foRA i iAbS SERTL SR A8.A00 UoHbs SlRamsainn aagemo Y
28. The supp?ementa ste mIs scharge roug a steam discharge hozzle 186 into a venturi inlet
188 of the ditetieativeogas trastevtondiail 321 A7Condedsirgunitdogsisvibdbcoipdapioistore from
the supplemeptal Rl thealteppatiye,gps transferconduit 32 9.candense afgd,separate
from th %ﬁ%ﬁa%&%%%@é%%am 4. The condensatg drains baéc?( through theggllternatlve gas transfer
conduit siganthBosentiei sideell 88 byrgrawiys asaridwrily IR, Sntte tdhdaAdieg usitsrod 48 il the form
of a ubeyand shefl esXehaeel, LaRIRdAD CrALL S SlicHaled iiouall AR Wletdif (iuan the
condensing unit 192 and out through 32 an outlet 198. The heating assembly 112 is used to heat the
alternatiie eagistrensty sabelore the altemave gas steansshiessimasterinidde 4055 Wiscassed
above. (0442 A% SROMRENTIE 0uihe:RicamIaRH(R caadyl 30N Al MAl/maas Ans(er
conduit 32 are fluidly connected to a three-way control valve 200 (and associated operating control
202). Specifically, the three-way control valve 200 is disposed in the steam riser 40 and can be
substituted for the on-off functions of the steam control valve 65 (or steam control valve 178 if a
second steam control valve is used) and the alternative gas control valve 79 (or alternative gas control
valve 174 if a second alternative gas control valve is used). The three-way control valve 200 allows
either the flow of primary steam or the flow of alternative gas through the steam injector assembly 28

into the combustion zone 22 in the atmosphere 24. The steam control valve 65 (and operating control
ARY iNn the cteam trancfar condiiit 20 and the altarnatinvie aac control valvve 70 (and onaratina control QNY)



100114] Thus, the inventive method and flare assembly provide for primary steam injection with
sophisticated control when primary steam injection is necessary to achieve smokeless operation. The
sophisticated control allows the inventive flare assembly to be automatically and continuously operated
in a manner that achieves smokeless operation, prevents over-steaming and meets new and stringent
flare regulations regulating the maximum allowable steam/vent gas ratio, minimum flare gas net
heating value and other parameters. The ability to4fse an alternative gas (air or air mixed with, for
example, supplemental steam) in lieu of primary steam when primary steam is not necessary to
achieve & salo pé AtBITWHEAthacaard gl sthrrdByamete BredUpingsait VoluRse marity event

provides,RUmerRis ﬁ@i@ﬁtﬁ%&ﬂg manyrReRlicationg.thaialteraative gascanPa saaddeaghieve
smokeless operation, cool the parts of the steam injection assembly and keep the steam riser pipe

warm (foRESARmIRBTARTrosTINg eBAATHBIE)HEHN G hiteRF BtamBYe ShentommeF fldrecassEnioly is
operated, Jhe.33.ahilify. to Are-heab the.alterrative gasalews thednypptlye flare,assephikia:be used

in freezing conditions, warms the steam riser and related equipment to avoid excessive condensation

when théTthiBashsitieHisd Frefeareipative GastHvaetansimAuF sEaHTHhone ANachvedbiner

advantages[@QL1akIndheiUnitedatates. renkPAhAS feseatly haen slepping:up sffarts eprevent
over-steaming. For example, the EPA recently entered into a consent decree with the current and

former oWi§6t161o448fain facility in Ohio (the "Ineos Consent Decree”). The Ineos Consent Decree

specifiegghggiollowing,compliance requpirementiniRaragraphcl 8@k THesieam addegrtadhglare
shall not exceed a steam-to-Vent Gas ratio of 3.6 to 1 (3.6:1) Ibs of steam/Ib Vent Gas sent to the

Flare, détsehared jlsepabiie CorbUYETR Ay ot the Frrdated v Uhisi sleemvaigt) Ths, this
may represeniiiemaymum sieamivantaas iatinalowed ByERA /aqulations.as ebladay.19116]

Paragraph 18(6) of the Ineos Consent Decree specifies: "The Net Heating Value of Vent Gas shall

meet at ROYRIEIB OISR HE AL Hdhr Bl5ERaAVEr S8 BTl ea RS P adrapd POBFIHEIAESS

Consentgcree shecifiedanNFVRG tNetddsatingMdakieialFlare Gas af200 BiutsebRasagsaph 24(d)
specified an NEIVFG to he determined(%/ﬁthe Director of Air Enforcement. 100117] In order to

calculate He &b ért GadRteneHE: Cohtieh Ut 88 B raRs TR IREIIRS 'S5 8 MBRPI HEdEs to at

least recgive put Sieialiasedon thaspntansatiow raieanaprimandsieant flommeaiBeAstshown by
FIGS. 1 and 3, for example, the vent gas flow rate is measured by flow sensor 130, and the primary

steam fIGR? T84S HERSTHEF B RecaPier daied o4 e PRES SIS ATASHS raYd -t fotR St Biphe

control uiti34ssathatdhe-steamiventgasd atiedslessdhanthiaMBdmune albe alawest:ERA
regulations. 1001181 In a basic form, the cantrol unit 34 can determine the need for primary steam

based o thiSHEh g8 oG 408 ED PRI TR HESSIRIENF €5V operate based on the assumption

that whejagbe)vens gasisoaiss Hleyrateis egualie: arsbigheldbaniaiserainibreshalevalbes primary
steam is required; otherwise, primary steam is noéi‘?equired and the alternative, gas is used in, lieu

thereof A8 HsERTIAYSHEAIEMS IASSECRE MM ARTESEn 118 déntroPafdBRtM B cBRHET dnif 38 may
be: 1) setighbosmnal valuefas the steamivesidas atin feo xamplenSisvingrah2 ) eptimatentiie: primary

steam flow rtgte requir(%d to agh,itev smoélelegs opera‘;[ionrof trtln\z/ignltl ggl%rilrél%c&%[d%g%% é{vitltlr tge

formula: i3St #pF &engipr conduit where other gases or vapors su e g purg
gas are added to the waste gas stream 12. The control unit 34 1s responstve to the molecular
weight of the vent gas stream 18. A communication line 152 runs from the control unit 34 to
the molecular weight sensing device 150.
[0010€] A net heating value sensing device 154 for determining the net heating value of the
vent gas stream 18 is associated with the flare riser 16. Specifically, the net heating value
sensing device 154 is disposed in the waste gas transfer conduit 36 at a pomt therein
downstream of points in the waste gas transfer conduit where other gases or vapors such as
enrichment fuel gas and purge gas are added to the waste gas stream 12. The control unit 34

is responsive to the net heating value of the vent gas stream 18. A communication line 155

runs from the control unit 34 to the device 154,



Where rhvG is the vent gas mass flow rate; th is the steam flow rate required; S is the steam/vent gas
ratio (Ibs of steam per Ib of vent gas) from the previous step; and C is a safety factor typically set to
2.0, which is determined by the es mated need for smokeless operation. 3) If the steam flow rate
calculated from the previous step is equal to or greater than a certain threshold value, primary steam is
required; otherwise alternative gas is used as the assisting medium. Equivalently, this step can be
written in terms of a threshold value of the vent ga%%low rate, since the primary steam flow rate is
simply a constant multiplied by the vent gas flow rate. 4) If primary steam is required, the steam control

valve 6580 liatd teraBRieVRItHE Galsibicpifsamastiaam fowyaklertin sadp o5 MBSt 6@ ceed the
maximurg,aligwvable,caleulatedsfram ﬁ@%&&!&%%iﬁ?iwm&hxe Sofmaidmanhere fsed ofs the

maximum allowable steam flow ate and Cm ax is a factor curently set to 3.0, which is determined
accordinfiéPthe FHEEtLpLs nateeE R etfifatisaslafions thathissrrekitfurpgatietop Sl dlprex3= 3.6

as set bBééE@dB‘l%Oﬁl %ﬁﬁ:@%i&?%ﬁe@hﬂ&QH&Gﬂé{YQr&%e%fl@’i%ﬂbé}%@/élgﬂﬁgﬁﬁsr%%}iﬁs?h@ The
minimum net heatln? value of flare gas (NITIVFG) of 200 Btu/scf required by the Ineos Consent

Decree Qi lBEeresiRr mBtisyRGGE K @i EoP8s&MkDle, natural gas has a NHV of' about 930

Btu/sef. kyan h%l@é'ﬁ&ﬁﬁ’ssé&%ﬁ%‘%@,Bﬁﬂ%M@VE@M&]%%r%@%@é@aﬁﬁ%“ﬁ@%%ﬂﬁ?%@éféﬂ-6) =
202 Btu/scf. When pilot gas is 35 considered, the NHVFG is even higher, thus exceeding the 200

Btu/scf ré§iigen ithe IRed S es6FsEht D SERES 1)at At ety asgaEby uceanletheil JRledium,
the flow fa‘g%llt&mﬁéi\a%egaﬁt&%m&%&@@&@%fh@@é@mﬁx&ea&r@@@mh)s@éyevﬁﬁet%?%w%ﬁﬁﬁygh air to

achieve smokeless operation but not too much air such that over-aeration of the flare results. 6) The
system @@&é}%}n@ﬂ%baﬁta{pgﬁgﬁ%@@@fgbsyhe most economic and efficient operation of a

steam-assisted flare may use less steam than the maximum allowed by regulations, as long as
the rate of steam is sufficient to achieve smokeless operation.

{00163} Depending on the specific algorithim(s) employed, the maximum allowable flow
rate of primary steam through the steam injector assembly into the combustion zone can be
calculated by the control unit based on a variety of parameters, including one or more of the
following, each of which 1s determined in accordance with the mventive method:

1. The flow rate of the vent gags stream 18.

2. The maximum steam/vent gas ratio that is to be allowed. The maximum
allowable steam/vent gas ratio can be determined based on applicable
regulations with respect to operaiion of the flare assembly in the location
in which the flare assembly is installed.

The maximum steam/hydrocarbon ratic that 1s to be allowed. In order to

(O3]

determine the maximum steam/hydrocarbon ratio, the hydrocarbon flow
rate must first be determined.  The maximum allowable steam/
hydrocarbon ratio can be determined based on applicable regulations with
respect to operafion of the flare assembly in the location in which the flare
assembly is ingstalied.

4, The minimum allowable net heating value of the flare gas. The minimum
allowable net heating value of the flare gas can be determined based on
applicable regulations with respect to operation of the flare assembly in the

location in which the flare assembly is installed.



1001191 The threshold value of steam in step 3) is determined by designed experiments or field tests.
In the field, the threshold value of steam in step 3) can be determined by increasing the vent gas flow
rate until even the maximum assisting alternative gas flow rate that can be delivered by the alternative
gas mover can no longer achieve smokeless operation. The alternative gas flow can then be shut off
and the primary steam flow can be turned on. The flow rate of primary steam can then be reduced until
it is slightly more than just enough to achieve smokéless operation. This is the minimum flow that
corresponds to the maximum alternative gas flow rate. A powerful alternative gas mover such as a

large compressor will éaus8ameolRrLRoP I (D HETHI SRSy ES ard MR e X not be

frequently needed. On theiptherhanrd:asmalhaik blawanivil sause thadtyrshaolthalusta.derrelatively
small, and primary steam will be needed more frequently. [00120] The minimal design described

above may be adequate WFERHHBAdh R SR EoTHs 88 ORRIHGHISRPHO A cHATp diiTE<aand does

hot contain any inert gas QeQyHQoeRokd)this:Gase: vielelions whdRA *gWatiens:ondipimupNet
heating value may be avoided by using a maximum steam/vent gas ratio without measuring or

calculating the net heating¥HREsC e EPY ByGIAEh BB RIHIErrinTst R MaPbelbihe

inadequate for complianc@e&PrEIRIMS ItheSHaRA sainimakdesionihecontkel ik 34 @raresadthe
differences in gas properties of the vent gas, such as the molecular weight of the vent gas and the

tendency of the vent gas RPBrodUBe SmpRe 00225 06 b e Somtisteare arsmibe thesdihary steam
requirement may be fusthetrefined hased or-tbe tnolesylas weight ofthg yeRtghsiRefering o data
from Table 10 on page 45 of APl Recommended Practice 521 (4' edition) (published in March 1997),
and tabulated in Table 1 BERFEFSHESEFRIDIONGS AFEMEIR SPiHiY SRAIYP S JLRErAFHEHI & be seen

between the steam requirgsmait @ad itheigpetegulativeiahtokagasmMhenayer arange ise3Ggiven in
API1 521, the upper limit is used to ensure that smokeless ogp@eration is achieved. Far example, a steam

requirement of 0.25-0.30 REFRABRTPRAIBTE 81 2 1006 H6TRL 0 I UieaBieCt PRI AR ARE H&SHigHEr the

molecular weight of a gasythemaienateas itikesuikes {aismekelessseperationdeasaigiven flaverate of
the gas. Such a refinement has its own limitations since the steam requiremen, for a certain vent gas

depends on factors in addifith 845 ihale IR AL B thEWemsgaeihelulin d e Wdé bf B

(paraffin, olefin, diolefin, asgieneafaroaticsats:) HeeRtgas exit velogitunsteansaxit vatealty,. the flare
tip design, and whether an inert gas or hydrogen is present in the vent gas Strﬁam. Howevey, if 1) the

vent gas consists of orly HYr6RaRRSHHEEAp ST D8 SPE 40N d et talln e ARG pléam, and
3) the vent gas contains hygregen-lessihan:8a%e iy valeme: suchiarefisement hased arddalecular
weight is useful in reducing steam consumption. Minimum net heagn%values_ f vent gas and flare gas
can be met readily if the aigorHM TS FINGHL P THRAR SHBYET IH AR S Fe¥TRISH RS 9BHEP fidAfifg value
(LITV) of hydrogen, 290 Biw/sehawihiciisdieieubibesminimumevaiue:of 3@ehBtu/sct fohitet Hegling
Value (NHV) of vent gas as required by 40 Cf R. 6OH][§§1;%5 steam and air assisted flares. A mixture of
29% methane or any other RSBSOS e hydrogen is sufficient to push the net
heating value of the vent gasdorabione @ 30pdBivisef theeshalddo smesh applichitebieqiiréments. A

mixture of 15% methane or any other hydrocarbon compound wi % hydrogen is sufficient to push
the net heating value of tH& @é%?ségg?ﬁfébq}@%%o%‘gﬁfg: 1&%%\%u r‘83-:-b %lh #i&ineos Consent Decree. A
mixture g60.584] mathane siite85kehydrggepehas armeleculaidugighs ot abaut ted GGIR 2jAloerelation
is proposed in thig study to estimate the steam requjrement using the molecular weight of the vent gas.
T condiitonTs BROHH48 (B EOTRFBlr 08 | FHIGLHCA R 6t BB e i lSatPby s
polynomisasfisaBguatiosmAahBeyondlacmdtecitaraweighifof 06 uhel SBirtedisiextrapoldtedvbyta
straight line as in Equatéon %? I{] FIG. 11, the solid curvedga/esﬁhrougps th%ﬂ?i%sllé%gt[aers%r&i the
gases with MiGiatiar Wetdht feBs RN IENUIRI IBSTERRA With the Fedilin SmBRiSG tEhderey in Table
1. 10012&hdmthizimprovecdésign hthecontiokunihd3ddniyy detdriine\tifecheed fad printdrystéam
based on the follgwing algorithm: 1) estimate the primary steam requirement based on the molecular
weight oFHEFVER GRS LR HO B B O Sl T S e O S NS SO BB
0.0266 ifcérrd MW 581 0B2ahcBEaS wBO086 7o) Mivibite@. 62 1B fcthAW »el 86 (@b a2)oestimatatine primary
steam ﬂ(m/ag %t&r?u%ﬁ?g itl%l%ct Iee ggn%z%] hl%lie ?2 2P &%aggé‘m@’éé@ecé’l?{r‘élg?& S0k SE ﬂl%?%%@ g’dntrol

valve,



1'42 , =th0SC(3) Where riin; is the vent gas mass flow rate; th, is the steam flow rate required; S is the
steam to vent gas ratio (Ibs of steam per Ib of vent gas) from the previous step: and C is a safety factor
typically set to 2.0, which is determined by the estimated need for smokeless operation. 3) If the
primary steam flow rate required in step 2) is equal to or greater than a certain threshold value,
primary steam is required; otherwise alternative gas is used as the assisting medium. 4) If primary
steam is required, the steam control valve 65 is re@%lated to achieve the desired primary steam flow

rate from step 2), but not to exceed the maximum allowable calculated from the following: =VG S C
max(3myUVHERE thEmFLaB HEF AL U SIS AGE HaRT ROWRFIRISAA i&f,hi’sﬁ?a Sﬁﬁﬁ g@?et ined

according:tetha M astuprieidale ERAeguationsrAccording iathensieam{vVanb gaiscratioimitsn the
Ineos Consent Decree, SC should be no more than 3.6, ﬁnd a further Jimitation on Cma,, gﬁg be
=

applied W@ RECHEENAEVATEBF e Tard Ba e T AL dREANLEC NG (5 ARBFS ARG
proceduge.gutlinedsn the Ineos Consent Decree. 5) If alternative gas is used as an assisting medium,
the flow of the alternative gas is modulated to provide enough air to achieve mokﬁ(?ilass operation, but

not so nBBAGGH st shRVASRAEIR rés S8y Athe! SRSty k J51S T8ERIhE i it AiPHRSEe Sl

100124]-addition torthavant grs: ftavwdate mnd piimascy steasn: flove ratefiamstbenflowsinste 130 and
the steam flow sensor 142, the control unit 34 also receives a mole.%%lgr weight signal from the

molecul AFARAEH PaRVIde BE e 56 Hh AR R R T S Bnt THE V&t ga¥ ROW PAE AnY the
moleculgrweightiftheventaasane measuiedby. andnegidlr example, the heating element 168

can be electrical wire that is wrapped around the steam riser 40 and connected (o an electrical
power source (not shown) to provide resistance heating to the steam riser 40. The layer of
insulation 166 can be placed on top of the heating element 168,

[60107] FIG. 5 shows another configuration of the steam injector assembly 28 that can be
used in connection with the inventive flare assembly. In this configuration, two steam risers,
40(a) and 40(b). are used to supply primary steam and alternative gas to two different steam
manifolds 41(a) and 41(b) and sets of steam injector nozzles 42(a) and 42(b). The set of
steam injector nozzles 42(a) are disposed within of the flare tip 20 whereas the set of injector
nozzles 42(b) are disposed outside the flare tip. A steam transfer conduit 30 and associated
steam control valve (not shown) and alternative gas transfer conduit 32 and associated
alternative gas control valve 79 are associated with each of the steam risers 40(a) and 40(b).
This is just another example of how the inventive flare assembly can be configured and how
the inventive method can be used in association with different configurations of flare
assemblies.

[00108] FIG. 6 shows the use of a blower 170 with a variable frequency drive 172 as the
alternative gas mover 104 of the inventive flare assembly 10. The blower 170 draws air from
the atmosphere surrounding the flare assembly and forces it through the alternative gas
transfer conduit 32, into the steam riser 40 and through the steam injector assembly 28 nto
the combustion zone 22.

[80109] FIG. 7 shows the use of a second automatic alternative gas control valve 174 (and
associated operating control 175) disposed in the alternative gas transfer conduit 32. The
alternative gas control valve 174 operates in conjunction with the alternative gas control

valve 79 to control the flow of alternative gas through the alternative gas transfer conduit into



38 sensor that measures both of these parameters, such as a GE Panametrics Flare Gas Meter Model
GF868. Table 1. APl 521 Steam Requirement (pound of steam per pound of gas) Name Formula MW
Steam-to- Vent-Gas- Ratio Proposed Steam-to-Vent-Gas- Ratio Upper Limit per Correlation Ethane
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the second fluid inlet 52 of the steam riser 40. The control unit 34 controls the alternative gas
control valve 174 (by way of the associated operating control 175) via a communication line
176. The aiternative gas control valve 174 is also remotely controlled. Having two
alternative gas control valves in the alternative gas transfer conduit 32 provides for additional
control. For example, the alternative gas control valve 79 can be used to modulate the flow
of alternative gas through the alternative gas conduit 32 whereas the second alternative gas
control valve 174 can be used to turn on and turn off the flow of alternative gas through the
alternative gas conduit 32,

[00110] FIG. 8 shows the use of a second automatic steam control valve 178 (and
associated operating control 179) disposed in the steam transfer conduit 30. The steam
control valve 178 operates in conjunction with the steam control valve 65 to control the flow
of steam through the steam transfer conduit 30 into the second fluid inlet 52 of the steam riser
40. The control unit 34 controls the steam control valve 178 (by way of the associated
operating control 179) via a communication line 180. The steam control valve 178 is also
remotely controlled. Having two steam control valves in the steam transfer conduit 30
provides for additional control. For example, the steam control valve 65 can be used to
modulate the flow of steam through the steam transfer conduit 30 whereas the steam control
valve 178 can be used to turn on and tum off the flow of steam through the steam transfer
conduit 30.

[60111] FIG. 9 shows the use of an eductor 184 as the alternative gas mover 104 of the
inventive flare assembly 10. The eductor 184 uses supplemental steamn (which can be steam
from the steam source 60, namely the boiler 100) as a motive fluid to draw air from the
atmosphere surrounding the flare assembly and force it through the alternative gas transfer
conduit 32, into the steam riser 40 and through the steam injector assembly 28, The
supplemental steam is discharged through a steam discharge nozzle 186 inio a venturi inlet
188 of the alternative gas transfer conduit 32. A condensing unit 192 is used to cause
moisture from the supplemental steam that enters the alternative gas transfer conduit 32 to
condense and separate from the alternative gas stream 84. The condensate drains back
through the alternative gas transfer conduit and the venturi inlet 188 by gravity. As shown by
FIG. 9, the condensing unit 192 is in the form of a tube and shell heat exchanger. Cooled air

or water 1s circulated through an inlet 196, through the condensing unit 192 and out through
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an outlet 198. The heating assembly 112 is used to heat the alternative gas stream 84 before
the alternative gas steam enters the steam riser 40 as discussed above.

[06112] As shown by FIG. 10, the steam transfer conduit 30 and alternative gas transfer
conduit 32 are fluidly connected to a three-way control valve 200 (and associated operating
control 202). Specifically, the three-way control valve 200 is disposed in the steam riser 40
and can be substituted for the on-off functions of the steam control valve 65 {or steam control
valve 178 if a second steam control valve 1s used) and the alternative gas control valve 79 (or
alternative gas control valve 174 if a second alternative gas control valve is used). The three-
way control valve 200 allows ecither the flow of primary steam or the flow of alternative gas
through the steam injector assembly 28 inio the combustion zone 22 in the atmosphere 24.
The steam control valve 65 (and operating control 66) in the steam transfer conduit 30 and
the alternative gas control valve 79 (and operating control 80) in the alternative gas transfer
conduit can still be used to modulate the flow of steam and alternative gas, respectively, into
the steam riser 40.

[00113] The control unit 34 controls the three-way control valve 200 (and assoclated
operating control 202} by way of a communication line 204. The three-way conirol valve
200 is remotely controlied and operated such that when the flow of primary steam through
the steam riser 40 is on, the flow of alternative gas through the steam riser 1s off, and vice
versa.

[00114] Thus, the inventive method and flare assembly provide for primary steam injection
with sophisticated control when primary steam injection is necessary to achieve smokeless
operation. The sophisticated control allows the inventive flare assembly to be antomatically
and continuously operated in a manner that achieves smokeless operation, prevents over-
steaming and meets new and stringent flare regulations regulating the maximum allowable
steam/vent gas ratio, minimum flare gas net heating value and other parameters. The ability
to use an alternative gas (air or air mixed with, for example, supplemental steam) in lieu of
primary steam when primary steam is not necessary to achieve smokeless operation, when the
flare is in standby mode or during a low volume flaring event provides numerous advantages.
In many applications, the alternative gas can be used to achieve smokeless operatior, cool the
parts of the steam: injection assembly and keep the steam riser pipe warm (for example, in

freezing conditions) during much if not most of the time the flare assembly is operated. The
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ability to pre-heat the alternative gas allows the Inventive flare assembly to be used in
freezing conditions, warms the steam riser and related equipment to avoid excessive
condensation when the flare is switched from alternative gas mode to primary steam mode
and achieves other advantages.
[00115] In the United States, the EPA has recently been stepping up efforts to prevent over-
steaming. For example, the EPA recently entered into a consent decree with the current and
former owners of a certain facility in Ohio (the “Ineos Consent Decree™). The Ineos Consent
Decree specifies the following compliance requirement in Paragraph 18(a): “The steam added
to the Flare shall not exceed a steam-to-Vent Gas ratio of 3.6 to 1 (3.6:1) Ibs of steam/lb Vent
Gas sent {o the Flare, determined just prior to combustion at the tip of the Flare as a 1-hr
Block Average.” Thus, this may represent the maximum steam/vent gas ratio allowed by
EPA regulations as of today.
[30116] Paragraph 18(b) of the Ineos Consent Decree specifies: “The Net Heating Value of
Vent Gas shall meet at least 385 Btw/sef as a i-hour Block Average provided that...”
Paragraph 19 of the Ineos Consent Decree specified an NHVFG (Net Heating Value of Flare
Gas of 200 Bru/scf. Paragraph 24(d) specified an NHVFG to be determined by the Director
of Air Enforcement.
[100117] In order to calculate the steam/vent gas ratio, the control unit 34 of the inventive
flare assembly 10 needs to at least receive input signals based on the vent gas flow rate and
primary steam flow rate. As shown by FIGS. 1 and 3, for example, the vent gas flow rate is
measured by flow sensor 130, and the primary steam flow rate is measured by steam flow
sensor 142. The steam flow rate is modulated by the control unit 34 go that the steam/vent
gas ratio 1s less than the maximum value allowed by EPA regulations.
[00118] In a basic form, the conirol unit 34 can determine the need for primary steam based
on the vent gas flow rate alone. For example, the system can operate based on the
assumption that when the vent gas mass flow rate is equal to or higher than a certain
threshold value, primary steam is required; otherwise, primary steam 1s not required and the
alternative gas is used in lieu thereof as assisting medium. In such a minimal design, the
control algorithm for control unit 34 may be:

1) set a normal value for the steam/vent gas ratio, for example

S=12
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2} estimate the primary steam flow rate required to achieve smokeless operation of

the vent gas in accordance with the formula:

w, =i, SC (1
Where n1,,, 1s the vent gas mass flow rate; 2, is the steam flow rate required;

S 1s the steam/vent gas ratio (lbs of steam per Ib of vent gas) from the previous

step;

and C is a safety factor typically set to 2.0, which is determined by the estimated

need for smokeless operation.

3) If the steam flow rate calculated from the previous step is equal to or greater than
a certain threshold value, primary steam is required; otherwise aliernative gas is
used as the assisting medium. Equivalently, this step can be written in terms of a
threshold value of the vent gas flow rate, since the primary steam flow rate is
simply a constant multiplied by the vent gas flow rate.

4y If primary steam 1s required, the steam control valve 65 is regulated to achieve the
desired primary steam flow rate from step 2), but not to exceed the maximum

allowable calculated from the following.

m, o =h, SC (lm)

§.max

where w1,

. max 15 the maximum allowable steam flow rate and Cyuy is a factor
currently set to 3.0, which is determined according to the most up-to-date EPA

regulations.

Note that the maximum value for S* C =1.2%3= 3.6 as set by the Ineos Consent
Decree. In other words, the maximum steam/vent gas ratio is 3.6. The minimum
net heating value of flare gas (NHVFG) of 200 Btu/scf required by the Ineos
Consent Decree can be readily met by Equation (im). For example, natural gas
has a NHV of about 930 Btu/scf. Even when pilot gas is omitted, the NHVFG
when natural gas is the vent gas is 930/(1+3.6) = 202 Btw/sef. When pilot gas is
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considered, the NHVFG is even higher, thus exceeding the 200 Btu/scf required

by the Ineos Consent Decree,

5y If alternative gas is used as the assisting medium, the flow of alternative gas is

modulated by the alternative gas control valve 79 to provide enough air to achieve

smokeless operation but not too much air such that over-aeration of the flare

results.

6) The system keeps looping through all the above steps.

{00119] The threshold value of steam in step 3) is determined by designed experiments or
field tests. In the field, the threshold value of steam in step 3) can be determined by
increasing the vent gas flow rate until even the maximum assisting alternative gas flow rate
that can be delivered by the alternative gas mover can no longer achieve smokeless operation.
The alternative gas flow can then be shut off and the primary steam flow can be turned on.
The flow rate of primary steam can then be reduced until it is slightly more than just enough
to achieve smokeless operation. This is the minimum flow that corresponds to the maximum
alternative gas flow rate. A powerful alternative gas mover such as a large compressor will
cause the threshold value to be relatively large, and primary steam may not be frequently
needed. On the other hand, a small air blower will cause the threshold value to be relatively
small, and primary steam will be needed more frequently.
[060120] The minimal design described above may be adequate when the vent gas stream
comprises only hydrocarbon compounds, and does not contain any inert gas or hydrogen. In
this case, violations of EPA regulations on minimum net heating value may be avoided by
using a maximum steam/vent gas ratio without measuring or calculating the net heating
values. As EPA regulations evolve, this minimal design may become inadequate for
compiiance. For example, such a minimal design of the control unit 34 ignores the
differences in gas properties of the vent gas, such as the molecular weight of the vent gas and
the tendency of the vent gas to produce smoke.
[080121] For more sophisticated control, the primary steam requirement may be further
refined based on the molecular weight of the vent gas. Referring to data from Table 10 on
page 45 of APl Recommended Practice 521 (4™ edition) (published in March 1997), and
tabulated in Table 1 for reference and plotted in FIG. 11 of thas study, a general trend can be

seen between the steam requirement and the molecular weight of a gas. Whenever a range is
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given in API 521, the upper limit is used to ensure that smokeless operation is achieved. For
example, a steam requirement of 0.25-0.30 is given in API 521, and 0.30 is used in Table 1.
In general, the higher the molecular weight of a gas, the more steam it reguires for smokeless
operation for a given flow rate of the gas. Such a refinement has its own limitations since the
steam requirement for a certain vent gas depends on factors in addition to the molecular
weight of the vent gas including the type of gas (paraffin, olefin, diolefin, acetylene,
aromatic, etc.), vent gas exit velocity, steam exit velocity, the flare tip design, and whether an
inert gas or hydrogen is present in the vent gas stream. However, if 1) the vent gas consists
of only hydrocarbon compounds, 2) there is no inert gas in the vent gas stream, and 3) the
vent gas contains hydrogen less than 5% by volume, such a refinement based on molecular
weight is useful in reducing steam consumption. Minimum net heating values of vent gas
and flare gas can be met readily if the algorithm is followed. The hyvdrogen limit is a result of
the lower heating value (LHV) of hydrogen, 290 Btu/sct, which is below the minimum value
of 300 Btu/scf for Net Heating Value (NHV) of vent gas as required by 40 C.F.R. § 60.18 for
steam and air assisted flares. A mixture of 2% methane or any other hydrocarbon compound
with 98% hvdrogen is sufficient to push the net heating value of the vent gas to above a 300
Btu/scf threshold to meet applicable requirements. A mixture of 15% methane or any other
hydrocarbon compound with 85% hydrogen is sufficient to push the net heating value of the
vent gas to above 385 Btw/scf as required by the Ineos Consent Decree. A mixture of 15%
methane with 85% hydrogen has a molecular weight of about 4,
[66122] A correlation is proposed in this study to estimate the steam requirement using the
molecular weight of the vent gas. The correlation is shown as the solid curve in FIG. 11.
This curve is analytically expressed by a polvnomial as in Equation 2a. Beyond a molecular
weight of 106, the curve is extrapolated by a straight line as in Equation 2b. In FIG. 11, the
solid curve goes through the points representing the gases with molecular weight less than or
equal to 106 and with the medium smoking tendency in Table 1.
{60123} In this improved design, the control unit 34 may determine the need for primary
steam based on the following algorithm:

1} estimate the primary steam requirement based on the molecular weight of the vent

gas stream using Equations 2a and 2b:

S =-7.19%x107 x MW* +0.0168 x MW + 0.0266 if 4 < MW <106 (2a)



1 1.000 *Methane is added by the authors. The proposed correlation for the steam requirement is
linearly extrapolated for gases having molecular weights below 26. [00125] FIG. 11 of the drawings
illustrates the upper limits of the primary steam requirement data per APl 521 as a function of the
molecular weight of the vent gas stream and the proposed correlation shown by the solid line. [00126]
The control logic algorithm for a generalized scenario, where the vent gas may contain inert gas and
hydrogen, is as follows. In order to comply with regflations on minimum heating value such as those in
40 C.F.R. 60.18 and recent EPA regulations, the control unit 34 can take into consideration the vent

gas flow rate, vent §%W&ﬁfﬁMﬁéi@ﬁt@ﬂé M}ﬁ&s‘"‘h@@ heating value. In this generalize@¥orm, the
control unit 34 @C%‘é’i‘?xﬁﬁg aifd ifﬁgﬂwé%ﬁ'i‘W'Qﬁ@'?éqﬁ%%@%x@%@@eﬁ?%%%galc%%’ Jﬁg imary

steam flow rate from sensor 142, the'molecular weight of the vent gas from sensor 150, and the net
heating value of th&Xgértbass frometha wahsos-154. 39 [00127] In this further improved design, the
control unit 34 maynget:e;‘fmjr#eéhe need for primary steam based on the following algorithm: 3}2
Compare the net hedting {alué of the vent gas from the sensor 154 to the minimum net hea(tl g value

of the vent gas requjtedeby, ERAFROUALINSHRGIURNG AL GFR 048,806 Jhe-Aners Grasent Decree,

for example). If the measured net heating value of the vent gas is lower than the regulations allow, the

fuel gas control valves1B0 s&epelred:(if gt yetooibend byicemariulHied twiEdjast theretiighmentfuel gas
injection rate so th e measured net heating value of the vent gas complies with all EPA regulations.
2) Estimate the primary steam requirement based on the molecular weight of the vent gas stream
using Equations 4ahé 4p2Satety . @ %t 0yHixaMVRHO DI6S XMW O:026861EMYY &E06t4aysS=
0.00357 x MW + O&%&qgrlglﬁ%ﬁagg%é@aﬁbgstimate the primary steam flow rate required to achieve

smokeless operation. .
3) If the primary steam flow rate reguired in step 2) is equal to or greater than a

certain threshold value, primary steam is required; otherwise alternative gas is
used as the assisting mediam.

4) If primary sieam is required, the steam control valve 65 is regulated to achieve the
desired primary steam flow rate from step 2), but not to exceed the maximum

allowable calculated from the following:

H =ty S C (3m)

§,max max

where m_1s the maximum allowable steam flow rate and Coax 1S a factor

5, max

determined according to the most up-to-date EPA regulations. According to the

steam/vent gas ratio limit in the Ineos Consent Decree, SC_ should be no more

than 3.6, and a further limitation on Cpay can be applied when the net heating
value of the flare gas is calculated according to the formula and procedure
outlined in the Ineos Consent Decree.
5y If alternative gas is used as an assisting medium, the flow of the alternative gas is
modulated to provide enough air to achieve smokeless operation, but not so much
air that over-asration results.
6) The system keeps looping through all these steps.
[60124] In addition to the vent gas flow rate and primary steam flow rate from the flow
sensor 130 and the steam flow sensor 142, the control unit 34 also receives a molecular
weight signal from the molecular weight device sensor 130, In an alternative embodiment,

the vent gas flow rate and the molecular weight of the vent gas are measured by an integral



SCE(5) Where ths is the primary steam flow rate requiredis the vent gas mass flow rate; S is the
steam/vent gas ratio estimated from the previous step; and C is a safety factor typically set to 2.0,
which is determined by the estimated need for smokeless operation. F is a correction factor for the
NHV of the vent gas, ranging between 0 and 1. F NHVVG",e"",,,,, -NHVFG",," if NHVVG <=
NHVT/Gref(6) NILVVG"( -NHVFG,,,, where NHVVGrer is the net heating value of a reference gas,
which is a typical hydrocarbon with the same molecular weight as the molecular weight of the vent

gas. The net heating value of the reference gas may be estima sing the following, equatjon:
VO BB AT e TR A NPT 1o Phd o R St R or L HTed, and

NHVFG ijoigtherpasimum net heating value of Flare Gas as required by applicable regulations or
other requirements such as good engineering practice adopted by flare vendors

Table 1. API 521 Steam Requirement (pound of steam per pound of gas)

Steam-to- Froposed Steam-to-Vent-Gas-
Vent-Gas- Ratio Upper Limit per
Name Formula | MW Ratio Correlation
Ethane CoHs 30 0.15 0.466
Propane Cstlg 44 0.3 0.627
Butane CsHio 58 0.35 0.758
Pentane CsHyz 72 0.45 0.863
Eihylene CoHy 28 0.5 0.441
Propylene CsHg 42 0.6 0.605
Butylene CaHg 56 0.7 0742
Methane* CHy 16 0.12 0.277
Acetylene CoHs 26 0.6 0.415
Propadiene CsHa 40 0.8 0.584
Buiadiene CiHg 54 1 0.724
Pentadiene CsHg 88 1.2 0.837
Benzene CgHg 78 0.9 0.800
Toluene CsHs 92 0.95 0.964
Aylene CaHo 106 1 1.000

*Methane is added by the authors. The proposed correlation for the steam requirement is
linearly extrapolated for gases having molecular weights below 26.

[00125] FIG. 11 of the drawings illustrates the upper limits of the primary steam
requirement data per APl 521 as a function of the molecular weight of the vent gas siream
and the proposed correlation shown by the solid line.

[00126] The control logic algorithm for a generalized scenario, where the vent gas may
contain inert gas and hydrogen, is as follows. In order to comply with regulations on
minimum heating value such as those in 40 C.F.R. § 60.18 and recent EPA regulations, the
control unit 34 can take into consideration the vent gas flow rate, vent gas molecular weight
and vent gas net heating value. In this generalized form, the control unit 34 receives all of the
following nput signals: vent gas flow rate from sensor 130, primary steam flow rate from
sensor 142, the molecular weight of the vent gas from sensor 150, and the net heating value

of the vent gas from the sensor 154.



40 and/or flare operators. As of today, NHVEG";,, = 200 Btu/scf, but it may change soon in view of the
Ineos Consent Decree Paragraph 24(d). Correction factor F is intended to ensure that the NFIV of
Flare Gas is always greater than the minimum required. As can be seen from Equation 6, the
correction factor approaches zero when the NHVVG approaches the NHVFG. 4) If the primary steam
flow rate required is equal to or greater than a cerﬁd'n threshold value, primary steam is required;
otherwise alternative gas is used as the assisting medium. This threshold value is determined by

designe iments or field tests. For example, the threshold vglue ca ?e determined hy.increasing
the vent?gﬁgr%vﬁét “ﬁnﬁﬂ Wénlq}Per%%(}(ié(?ﬁ%ﬁgagg%t?ﬁéltra ePr}ilgtii’% éna%}t SECaN eemeﬁi\?ggeg%y the
alternatiyegas/meyer kandenldagiliactiieyelssnnkeless operation. Once this occurs, the alternative
gas flow is swit Seéj off and %e rimary steam flow js switched on. The primary steam flow rate is then
reduced until it? ] SQ%R%SQ %r%f%?%‘%r@%ﬁ%nﬁfg 1%n%e§ghg%%e%8%! té ‘gcﬁﬁ}é‘@%i grrrggk%?eé%
operation. 5) If priménysteanciheetniredithefhl/e«bb dasreguiated toRithieveaititeode sined:pnimary
steam flow rate fro ){gb) not.tq exceed the maximum allowable calcylated from the following:
(5m) where tit,,ma,@sﬁ?&%a #1%“%{1 gl%\?v);l}ﬁ(e)ss SARY Itowe?é?g’aﬁideéa,r,n éf%‘f;ig%}? Iel%ﬁﬁringea‘%ccording
to most up-to-date =R e grilatiofisitcor exapaplés acoerdingtothecstdarvventigas tatiodishipas the
Ineos Consent Decree, SC",3xF %—bould be no e than 3.6, and further limitation on Cmax,can be
applied when the Iﬁpﬂ%lf) 1§ €§|c§ ated é’é’%ﬁﬁlin ﬁrton%eyi%%rr%?g)a%a&prrggﬂjar?eecgg inae(.IiuiSh{it?uh(ée Ineos

Consent Decree. 6)rifhamysteinkeepsieoping titcosighall the se:psexidusstepsinf@iR81df the some

reason the above con%rol algorithm is. pot ?%If',siaptor}/ &due to possibly overly stringent rektulations), the
: Vit gas COmplics i hall | regulatans, . . ) :
control algorithm may include 6thér fine tuning mechanisms including, but not limited to: the input of

gas chromatogaplhistitG:Ts) datpriinpuyt Yesedauivisnakihspattioniof thdédtater flaerghbylibenanteyes

and manual adustyent of e SAIH TAEION, #1.nd 4,

S =-7.19%x107° x MW? +0.0168x MW +0.0266  if MW <106 (4a)

S =0.00357xMW +0.6216 i MW >=106 (4b}
3} Estimate the primary steam flow rate required to achieve smokeless operation.

mo =1, SCF (5)

Where iz is the primary steam flow rate required; i, is the vent gas mass flow

rate;

S is the steam/vent gas ratio estimated from the previous step;

and C is a safety factor typically set to 2.0, which is determined by the estimated

need for smokeless operation.

F is a correction factor for the NHV of the vent gas, ranging between 0 and 1.

F = NHWGmeasm'ed — NHVF Gmin lf NHVVG <= NHVVGW{ (6)
NHVVG,,, - NHVFG '

where NHV VG is the net heating value of a reference gas, which is a typical
hydrocarbon with the same molecular weight as the molecular weight of the vent
gas. The net heating value of the reference gas may be estimated using the
following equation:

NHVVG,,, = 48MW +151 (Btu/sch) (7}
NHVVG is the net heating value of vent gas to be flared, and NHVFGy,, 15 the
minimum net heating value of Flare Gas as required by applicable regulations or

other requirements such as good engineering practice adopted by flare vendors



[00129] In the calculation of the NHVFG, the heat content of the pilot gas can be fed to the control unit
34. However, in the current invention, steam is used only when vent gas flow is high, and pilot gas flow
is very small in comparison. Therefore, the heat content from pilot gas may be omitted for simplicity.
[00130] Thus, the present invention is well adapted to carry out the objects and attain the ends and
advantages mentioned as well as those which areﬁiﬂherent therein. 42 What is claimed is: 1.A method
of operating a flare assembly that receives a waste gas stream at a varying flow rate, conducts a vent

gas stream to a ﬂagﬁ }8}? %ha}éqgr%%gs\e }ggn(%gta% str%\lam,tp@ugh ffi?t rell com ustion zone in

the atmosphere, disc arges primary steam through’a steam hjector assemg’ly into t Heycor%%%stlon
zone and bums flasecgas initheofsmbostion oome; &ﬂmpmﬁagl@raph 24(&. providing a source of

alternative gas; b. proyidin 5 HR0r 8 R ALy %Be%n%%eﬁg M0qhe W %Sé’?a%a%%r?%a”hw

determining the flow rate of the vent gas stream; charging the vent gas stream tfwough
the flare tip into thewetmbubtio nthgnm,ﬂﬁngmmm geamdgbmbsisting Hareagas frothelopratustion thene;

g. determining i the, jegiof ArIPARCRIRATLIRIRINS BTOHRHRR 2906 S TR fpchieve

smokeless operation;
4y If the primary steam flow rate required is equal to or greater than a certain

threshold value, primary steam is required; otherwise alternative gas is used as the
assisting medium. This threshold value is determined by designed experiments or
field tests. For example, the threshold value can be determined by increasing the
vent gas flow rate until even the maximum assisting alternative gas that can be
delivered by the alternative gas mover can no longer achieve smokeless operation.
Once this occurs, the alternative gas flow is switched off and the primary steam
flow is switched on. The primary steam flow rate is then reduced until it is just
enough or slightly more than just enough needed to achieve smokeless operation.
5) If primary steam is required, the valve 65 is regulated to achieve the desired
primary steam flow rate from step 2). but not to exceed the maximum allowable

calculated from the following:

e = Pl SC L F (5m)

§,max max

where m . 1s the maximum allowable steam flow rate and Cpg is a factor

determined according to most up-to-date EPA regulations. For example,
according to the steam/vent gas ratic lmit in the Ineos Consent Decree,

SC .. F should be no more than 3.6, and further limitation on Cpax can be applied

ma
when the NHVFG is caiculated according to the formula and procedure outlined
in the Ineos Consent Decree.
6) The system keeps looping through all these previous steps.
j003128] If for some reason the above control algorithm is not satisfactory (due to possibly
overly stringent regulations), the control algorithm may include other fine tuning mechanisms
including, but not limited to: the input of gas chromatographic {GC) data, input based on
visual inspection of the flare flame by human eyes and manual adjustment of the safety factor
C.



h. if it is determined in step (g) that the injection of primary steam into the combustion zone is
necessary to achieve smokeless operation, carrying out the following steps: I. shutting off the
flow of alternative gas through the steam injector assembly into the combustion zone if alternative gas
is being discharged through the steam injector assembly into the combustion zone; discharging
primary steam through the steam injector assembly;into the combustion zone; deteimining the flow
rate of primary steam discharged through the steam injector assembly into the combustion zone;
iv.modulafingsaig flow cateefiRsinanysteartyoughihesieam Mieconirssambly Ktadhe.cambustion

zone to achieve smokeless operation; and ~ i. if it is determined in step (g) that the injection of
primary SE8HRI iR tHe JORIRISH O 2BREYS FIHt RERHALA Y EE B ARIBYS! SIISKETES G BRI ¥dPrying out
the following StePsi1dt 3dsShutting Rifthe, fowof primatysteam teuah dhe steamdniertar agsembly

into the combustion zone if primary steam is being discharged through the steam injector assembly
into the EB3MBRSHEITPBHED dssHarRYIAGYalternative gas through the steam injector assembly

j00130] Thus, the present invention is well adapted to carry out the objects and attain the

ends and advantages mentioned as well as those which are inherent therein.



into the combustion zone; and heating said alternative gas prior to discharging said
alternative gas through the steam injector assembly into the combustion zone. The method of
claim 1, wherein if it is determined in step (g) that the injection of steam into the combustion zone is
necessary to achieve smokeless operation, said method further comprises the step of calculating a
maximum allowable flow rate of primary steam through the steam injector assembly into the
combustion zone, and said flow rate of primary steam through the steam injector assembly into the

combustwﬂaﬁ@ais négqéj_lated in accordance with step (h) (iv) to achieve smokeless operation and

avoid a flow rate ﬁ%team in excess of said maximum allowable flow rate of steam. The
method of claim .2, whéreintsaitlohagirrmimgall dleabiedtovwinthofrsteamsthroagle the stemm ijector

assembly ink ttyﬁ mbustion. zone is calculated based applicable requlations with respect to
operationaa[gt%ﬁé %%%rgg%ecr%?y ?r%stﬁev%%a%%ns%le%%ic% %k?gaﬁésr%p agﬁésé:er}ﬁ r%ef,:t %hesf\gi%cﬁas S%Pﬁz}nfhe
method dfrolaiim Be viletelip ifitds adetennisiechinste gi{(ghthattiosinjectidisdisteamrintar thelemmbustion
zone is sary 1o hieve smokele ﬁpperat' n: the,maximum steam/yent gas ratio that js to be
allowed ?g%e%erminee(%% ar%lgi]ec o ass%énusﬁ é%?nfjr% gﬂg\{/%g € flow rate g;‘ E eam ﬁ?%LﬁgBﬁ tWe%sﬁteeam
injector assemiyrtontheeomiisgion zone is calculated based on said vent gas stream flow rate and

said maximum steam/é/ent g?ﬁ%@?ﬂ 5. é';;f&?cren(?ftgﬁgr%t?\'%i ag, wherein if it is determined in step (g)
that he injection of steam into the cof%%ustlon zone Is necesSsary to achieve smokeless operation: the

hydrocarbon flow ratelis detepmividthzhessnecdmipnistearsitardrocarbon ratio that is to be allowed is
determined; and e sai%yg&myme?u%w?%b%g&g%@te of steam through the steam injector
ate

assembly into the combustion zone {3 calcu ased on said hydrocarbon flow rate and said
maximum steam/hydrdcarbogaigtivingg the flow rate of the vent gas stream;

e. discharging the vent gas stream through the flare iip inte the
combustion zone;

£ 1gniting and combusting flare gas in the combustion zone;

g. determining if the injection of primary steam into the combustion zone
is necessary to achieve smokeless operation;

h. if it 1s determined in step (g) that the injection of primary steam into
the combustion zone is necessary to achieve smokeless operation, carrying out the following
steps:

i shutting off the flow of alternative gas through the steam
injector assembly into the combustion zone if aiternative gas is being discharged through the
steam injector assembly into the combustion zone;

it discharging primary steam through the steam injector assembly
into the combustion zone;

ii. determining the flow rate of primary steam discharged through
the steam injector assembliy into the combustion zone;

iv. modulating said flow rate of primary steam through the steam
injector assembly into the combustion zone to achieve smokeless operation; and

1. if it 1s determined in step (g) that the injection of primary steam into
the combustion zone is not necessary to achieve smokeless operation, carrying out the

following steps:



6. The method of claim 3, wherein if it is determined in step (g) that the injection of steam into the
combustion zone is necessary to achieve smokeless operation: the minimum allowable net heating
value of said flare gas is determined; and said maximum allowable flow rate of steam through
the steam injector assembly into the combustion zone is calculated based on said vent gas stream
flow rate and said minimum allowable net heating value of said flare gas. 7. The method of claim 3,
wherein if it is determined in step (g) that the injecﬂ‘én of steam into the combustion zone is necessary
to achieve smokeless operation: the molecular weight of the vent gas stream is determined; and

said maximum allowable flow-rate of &#EHH thbubh Hersteantiisetossse HER o e #6Mbustion
zone is Gajestiatedsbased QR said vent gas sUeam flowniate s%@%@édo@a@é%@&%fg@&@&o&ghTﬁﬁ method

of claim 3, wherein if it Is determined in step (g) that the injection of steam into the combustion zone is
necessaf{F i dEHEvE SHoRBIBIEIE MR SH8H HHEPRECRBating value of said vent gas stream is

determined; and said;maxinguematawable fewrate ofstiaam dhreugh the-stermdnieator
assembly into the combustion zone is calculated based on said vent gas stream flow rate and said net

heating VARIEECEHAUERP FAES: F ™ Fhe method of claim 3, wherein if it is determined in step (g) that the

injection of steam into the combustiga.zRREeisNAESSEEM I:achisVR SNekeless QReratien:dhe:
molecular weight of the vent gas stream is determined; the net heating value of said vent gas stream is

determirféd; BiRpeh the stegBid USRI RN ot T2RlE 084 through the steam injector
assembly into the cominstipmaans ig£aloulateddaser RnisaigvaM gassireanhilon.rale ang said

molecular weight and net heating value of said vent %as stream. 10. The method of claim 3, wherein
n

said metModamHBIbn FARESTHETSTORS B IGETEHNIAGIRE W AmP e e Heatimalvassr iéhnsht gas
stream; aneheetermpring the ripimusialloawable etkhaatingwalue of the, vant gassHaamand 45

through the steam injector assembly into the combustion zone, and said flow rate of primary
steam through the steam injector assembly into the combustion zone is modulated in
accordance with step (h) (iv) to achieve smokeless operation and avoid a flow rate of steam in
excess of said maximum allowable flow rate of steam.

3, The method of claim 2, wherein sald maximum allowable flow rate of steam
through the steam injector assembly inte the combustion zone is calculaied based on
applicable regulations with respect to operation of the flare assembly in the location in which
the flare assembly is installed.

4, The method of claim 3, wherein if it is determined in step {g) that the injection
of steam into the combustion zone is necessary to achieve smokeless operation:

the maximum steam/vent gas ratio that is to be allowed is determined; and

said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said vent gas stream flow rate and
said maximum steam/vent gas ratio.
3. The method of claim 3, wherein if it is determined in step (g} that the injection
of steam into the combustion zone is necessary to achieve smokeless operation:

the hydrocarbon flow rate is deternuned;

the maximum steam/hydrocarbon ratio that is to be allowed is determined; and

said maximum allowable flow rate of steam through the steam injector

assembly into the combustion zone is calculated based on said hydrocarbon flow rate and said

maximum steam/hydrocarbon ratic,



stream in an amount sufficient to increase said actual net heating value of said vent gas stream to a
level that is at least as high as said minimum allowable net heating value of the vent gas stream.

11. The method according to any one of the preceding claims, wherein when alternative gas is
selected from the group of air, air mixed with supplemental steam and air mixed with a gas other than
supplemental steam that is used as a motive fluid to educt air into the steam injector assembly.

12. A method of operating a flare assembly that re |ves a waste gas stream at a varying flow rate,

conducts a ven gass amt etl IsC esthev as stream th e flare tip into a
combustion zo e in th tFﬁsz}?ﬁ 5&3 E, allwss r&ﬂl’ﬁl%% tﬁ%@ﬁ? %8?6’9%% é’mbly into
the combﬂst&mzetteﬂambmhnmtbarmgasgn&@mmmmwz@nﬁgmm@@ providing a source of
alternative gas; b. prowdl %asourc ilmar steam; c rec IVI #he waste as stream; determining
the flow rate of the ventgaersfs eng Hesaéﬂ%rﬁﬁ%etﬁ %sgﬁrés tﬁ’i?ﬂ)lf}ﬁ i flare tip
into the combustion zcsaei maximuif ighitingbdndioembaistiog ﬁw&gaﬁsrmjghe mrrmaomm

g. determlnl%lf the milectlonbof Prlmar steam i Otf?E bUStIO zone is neces %éto ach |
smokele$s oper%ltllon © COMIRHN IS Tetermt C ?’8?) t??é tﬁ%lﬂﬁ%%ﬁgﬁag?%% éﬁ} 5?8 m |nto
the combzigtiomane: is necddsary leachieatusmbdkelbSsreparation, carrying out the following steps:

I. shutting off thx/a flow %alterﬂﬁatév g?s thI;Olv;JﬂI‘é I;er;e Steam dlglj%(r:rtl%re%si%e blx %ﬂﬁ eCmeustlon zone
if alternative gas'is being J AiSch arge tahrough & Yléam injector -assem yp thE E5mBSHEA zone,
of steam into the combustion zone is necessary to achieve smokeless operation:
the molecular weight of the vent gas stream is determined; and
said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said vent gas stream flow rate and
said molecular weight.
8. The method of claim 3, wherein if it is determined in step (g) that the injection
of steam into the combustion zone is necessary to achieve smokeless operation:
the net heating value of said vent gas stream 1s determined; and
said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said vent gas stream flow rate and
said net heating value of said vent gas.

9. The method of claim 3, wherein if it is determined in step (g) that the injection

of steam into the combustion zone is necessary to achieve smokeless operation:

the molecular weight of the vent gas stream is determined;

the net heating value of said vent gas stream is determined; and

said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said vent gas stream flow rate and
said molecular weight and net heating value of said vent gas stream.

10, The method of claim 3, wherein said method further comprises the steps of:
determining the actual net heating value of the vent gas stream; and
deterrmimng the minimum allowable net heating vaiue of the vent gas siream;

and
if the actual net heating value of the vent gas stream is less than said minimum

allowable net heating value of the vent gas stream, adding enrichment fuel gas to the vent gas



discharging primary steam through the steam injector assembly into the combustion zone;

determining the flow rate of primary steam discharged through the steam injector assembly into the
combustion zone; 46 iv. calculating a maximum allowable flow rate of primary steam
through the steam injector assembly into the combustion zone; and v. modulating said flow
rate of primary steam through the steam injector assembly into the combustion zone to achieve
smokeless operation and avoid a flow rate of stearfiin excess of said maximum allowable flow rate of
steam; and i.if it is determined in step (g) that the injection of primary steam into the combustion zone
is not ne8BEaBYFACHIIEEHEREIERS WpBratsst caidyrsrauted sliowing uteps: seshuirigeef the

flow of pyman stearthraughsthesieamn igctar assembinintoa.combustionzanedf primpaty steam

is being discharged through the steam injector assembly into the combustion zone; and discharging
alternative & tétRiR the steam injector assembly into the combustion zone. 13. The method of

claim 12, wherejn saidrRaximuniaonaicllaw JAfe RESIEME preceding claims, wherein when
alternative gas is selected from the group of air, air mixed with supplemental steam and air
mixed with a gas other than supplemental steam that is used as a motive fluid to educt air into
the steam injector assembly.

12. A method of operating a flare assembly that receives a waste gas stream at a
varying flow rate, conducts a vent gas stream to a flare tip, discharges the vent gas stream
through the flare tip into a combustion zone in the atmosphere, discharges primary steam
through a steam injector assembly into the combustion zone and bumns flare gas in the

combustion zone, comprising:

a providing a source of alternative gas;

b. providing a source of primary steam;

c. receiving the waste gas stream;

d. determining the flow rate of the vent gas stream;

e. discharging the vent gas stream through the flare tip into the

combustion zone;

f. igniting and combusting flare gas in the combustion zone;

2. determining if the injection of primary steam into the combustion zone
is necessary to achieve smokeless operation;

h. if it is determined in step (g) that the injection of primary steam into
the combustion zone is necessary to achieve smokeless operation, carrying out the following
steps:

i shutting off the flow of alternative gas through the steam injector
assembly into the combustion zone if alternative gas is being discharged through the steam
injector agsembiy into the combustion zone;

ii. discharging primary steam through the steam injector assembly
into the combustion zone;

iil. determining the flow rate of primary steam discharged through

the steam injector assembly into the combustion zone;



through the steam injector assembly into the combustion zone is determined based on applicable
regulations with respect to operation of the flare assembly in the location in which the flare assembly is

installed.

14. The method according to any one of the claims 12 to 13, wherein if it is determined

in step (g) that the injection of steam into the combustion zone is necessary to achieve smokeless

operation: the maximum steam/vent gas ratio that is to be allowed is determined; and said
maximum allowable flow rate of steam through thé"&team injector assembly into the combustion zone
is calculated based on said vent gas stream flow rate and said steam/vent gas ratio. 15. The

method of claim 14, wherein SaidSHaX R R StaaMTEHT ALOMHYGs Tterined dAE8a 3 rsisPlicable
regU'ati%ﬁﬁmﬁg%@@a&ht&ﬁe@@é@&ﬁwQ}{@fﬁemﬁm@%mmm@ion in which the flare assembly is

installed.

16. The method according to any one of the claims 12 to 15, wherein if it is determined

in step (g) that the injection of steRR A BEe eBMBOtSHS SRS S&31) f R8s BT BIess
operatiofy; the, hydkasarbon flov s isdrlienpined odifidhe Maxiaumnsyeamihyeroeason o that is

to be allowed is determined; and _ said maximum allowable flow rate of steam through the

steam iffEeBF HEIBHHRKIRES HeESMBERgm A RO TAE BASEdBN84id hydrocarbon flow rate

and said maximum steam/hygracarbeRdatiRd in step (g) that the injection of primary steam into

the combustion zone is not necessary to achieve smokeless operation, carrying out the

following steps:

i.  shutting off the flow of primary steam through the steam injector

assembly into the combustion zone if primary steam is being discharged through the steam

injector assembly into the combustion zone; and

ii. discharging alternative gas through the steam injector assembly

into the combustion zone.

13, The method of claim 12, wherein said maximum allowable flow rate of steam

through the steam injector assembly into the combustion zone is determined based on

applicable regulations with respect to operation of the flare assembly in the location in which

the flare assembly is installed.

14, The method according to any one of the claims 12 to 13, wherein if it is

determined in step (g) that the injection of steam into the combustion zone is necessary to

achieve smokeless operation:

the maximum steam/vent gas ratio that is to be allowed is determined: and

said maximum allowable flow rate of steam through the steam Injector

assembly into the combustion zone is calculated based on said vent gas stream flow rate and

said steam/vent gas ratio.

15, The method of claim 14, wherein said maximum steam/vent gas ratio is

determined based on applicable regulations with respect to operation of the flare assembly in

the location in which the flare assembly is installed.

16. The method according to any one of the claims 12 to 15, wherein if if is

determined in step (g) that the injection of steam into the combustion zone is necessary to

achieve smokeless operation:

the hydrocarbon flow rate is determined;



17. The method of claim 16, wherein said maximum steam/hydrocarbon ratio is determined based on
applicable regulations with respect to operation of the flare assembly in the location in which the flare
assembly is installed. 18. The method according to any one of the claims 12 to 17, wherein if it is
determined in step (g) that the injection of steam into the combustion zone is necessary to achieve
said desired effect: the minimum allowable net heating value of said flare gas is determined; and

said maximum allowable flow rate of steam throug"W the steam injector assembly into the combustion
zone is calculated based on said flow rate of the vent gas stream and said minimum allowable net

heating value of said flgé&gaimur stera helrsadoa dp thalin g &n atltvedétdsmregg:ed o) that

the injection of steam inte the.GAMBUSHRNZ0Re iR RECHESFY iR-achigveBMOokRless ApergioR; the
molecular weight of the vent gas stream is determined; the net heating value of the vent aas.stream IS

determifgwiiiy into the coRMHAKIAANRT &llsHaBRdebrER R tATTRE rystekmnA;Stitor

assembly inig the combusioR 2008 jsigalculated based on said flow rate of the vent gas stream, said
molecular weight and said net heating value of the vent gas. _ 20. The method of claim 19, wherein

said minimum aflewabi&hataaeding v bf-sHieemifegus R ARSI REE 6/ b ieUpIE

regulatiops:with (e 3ec imopgrationat the.flare asaerefivdndhejacatianinhichthesfiang agsembly is
installed. 21. The method according to any one of the claims 12 to 20, wherein if it is determined

in step (GFtlesetive imedish Brsiesnimte e Edniisibn zone is necessary to achieve said desired

effect: the molqgular wejghtafthe ¥eutgas stream ihdelermingdiand 2 1o 17, SRIGFRXIMHT
allowable flow rate of steam through the steam injector assembly into the combustion zone is

calculatég'easEabiNsHiP fl6W PateBf ticGERR A SHBRMArYSERIPRIEREIAP T RECHEYY 122, The
method aggeydingdoameeueQfithe claims 12 to 21, wherein if it is determined in step (g) that the

injection of steam into the combustion zone is necessary to achieve smokeless operation:
the minimum allowabie net heating value of said flare gas is determined; and

said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said flow rate of the vent gas
stream and said minimum allowable net heating value of said flare gas.

I9. The method of claim 18, wherein if it is determined in step (g) that the
injection of steam into the combustion zone is necessary to achieve smokeless operation:

the molecular weight of the vent gas stream 1s determined;

the net heating value of the vent gas stream is determined; and

said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said flow rate of the vent gas
stream, said molecular weight and said net heating value of the vent gas.

20.  The method of claim 19, wherein said minimum allowable net heating value
of said flare gas is determined based on applicable regulations with respect to operation of the
flare assembly in the location in which the flare assembly is instalied.

21. The method according to any one of the claims 12 to 20, wherein if it is
determined in step (g) that the injection of steam into the combustion zone is necessary to
achieve gaid desired effect:

the molecular weight of the vent gas stream is determined; and
said maximum allowable flow rate of steam through the steam injector
assembly into the combustion zone is calculated based on said flow rate of the vent gas

stream and said molecular weight.



the net heating value of said vent gas stream is detennined; and said maximum allowable flow
rate of steam through the steam injector assembly into the combustion zone is calculated based on
said vent gas stream flow rate and said net heating value of said vent gas. 23. The method
according to any one of the claims 12 to 22, wherein said method further comprises the steps of:
determining the actual net heating value of the vent gas stream; and determining the minimum
allowable net heating value of the vent gas stream;and if the actual net heating value of the
vent gas stream is less than said minimym allowable net h atirgr,ﬁvalu}e)o}fgt@(-:]‘ever%ggs stream, adding
iS€ sal

enrichment fuelgas td MeVEROERCSHEHR i1 AMRABU SR GERTD trc S o

SEtuAl het heating

value of gaighvant gassiFeamiedevelthabis @t seash astbighassaidstinimun allowablenet heating
value of the vent gas stream. =~ 24. The method according to any one of the claims 12 to 23, wherein
when alféPaREHISISEORER- W Fom the group of air, air mixed with supplemental steam and air

mixed with a gas othepthan suRRIgRENES SteMdhalis tsedas dorativesdviddo educt air into the
steam injector assembly. 25. A flare assemb)y that receéves aw st%stgtre m at a.vaiging flow

rate, comprising: a flafe fisErTOFEEh AP E vERY g 488 @ pfFam thro gt

: : aretip SHACREE 10 said flare
riser for dischRrging, said et gas streasdnid ke busionzene instheatmosphdtevanddurding flare
gas in the combustion zone; .. asteam injector assembly associated with said flare tip, said
steam iffEEtBFAESERHRARBIOEIAY vent 22s. 3 steam riser, said steam riser having a lower section

and an upper sggtion, [3RigHewes sealidmgfisaigysieamfriseriashudingafirstiuidinlel dndésecond
fluid inlet; and 49
ther comprises the steps of:
determining the actual net heating value of the vent gas stream; and
determining the minimum allowable net heating value of the vent gas stream;
and
if the actual net heating value of the vent gas stream is less than said minimum
allowable net heating value of the vent gas stream, adding enrichment fuel gas to the vent gas
stream in an amount sufficient to increase said actual net heating value of said vent gas
stream fo a level that is at least as high as said minimum allowable net heating value of the
vent gas stream.

24, The method according to any one of the claims 12 to 23, wherein when
alternative gas is selected from the group of air, air mixed with supplemental steam and air
mixed with a gas other than supplemental steam that is used as a motive fluid to educt air into
the steam injector assembly.

25. A flare assembly that receives a waste gas stream at a varying flow rate,
comprising:

a flare riser for conducting a vent gas stream;
a flare tip attached to said flare riser for discharging said vent gas stream into a
combustion zone in the atmosphere and burning flare gas in the combustion zone;
a steam injector assembly associated with said flare tip, said steam injector
assembly including:
a steam riser, said steam riser having a lower section and an upper

section, said lower section of said steam riser including a first fluid inlet and a second fiuid

inlet; and



a steam injection nozzle fluidly connected to said upper section of said steam riser for injecting primary
steam into said combustion zone; a steam transfer conduit fluidly connected at one end to a
source of primary steam and at the other end to said first fluid inlet of said steam riser, said steam
transfer conduit fluidly connected to a steam control valve for controlling the flow of primary steam
through said steam riser; an alternative gas transfer conduit fluidly connected at one end to a
source of alternative gas and at the other end to $Hid second fluid inlet of said steam riser, said
alternative gas transfer conduit fluidly connected to an alternative Ea'as caontrol valve for co tro{ﬁing the

flow of alternative gas throughs&eier Sheatiorsapz2le fluidly coRReAtEMICCHHIRRN 16521 Farfd Gssembly

for contilling saidstsam.cantplMalva dne said altecaativesaas santrol valve; and a heating
assembly attached to one of said alternative gas transfer conduit and said steam riser, for heating

alternative gas that pass&8thFugirsarn Sttt connectgd #h O AL ShiBR GF BlalHB& further

comprising,a flow sensor.assosiated with said flate riger far seasingdheflowsiaesofiheinentgas
stream. 27. The flare assembly of claim 26, wherein said control unit is responsive to the flow rate

of the verngas Suisimconnegigd tha sispEyARISREEBPEHG TG AHPIHE SPEIEMs 2 P 8RN said
control ypikis cappble-ghcaleulating a maximum allowable flow rate of primary steam through said
steam injector assembly into the combustion zone and modulating the flow rate of prig%zlg/ steam

through the steam injé8taHEZEEHEAMIE IR CEMIULHIH S IO SBTRA M5 POt SPREHR M excess
of said XA alowakie lowdale.of Sieam, said 29:Jme flare asservblyof claimh 28sdtrted

comprising a flow sensor associated with said steam riser for senslg%the flow rate ?f pr'ma%‘steam
dischargb L raniH e A IAREeio r HESbmBNMRE the CoBUSHAY oS OngE! T fiafd

assembly,gfclaim 28 avhersinsaidernte) wiiscapablesf saleulating said maximum allowable flow
rate of primary steam based on the flow rate of the vent gas stream and applicable regulations with
thic e, oS R

respect to operation of tFgHAle ML EAMBIFSSHhE 15t bHRT GiTRA vitindtigd. 50

31. The flarg Assemblyofclpim-30:Wherinssaid Ganteohyait is capable of calculating said maximum
allowable flow rate of primary steam based on the flow r te,g;aéhe vent gas stre%xgl_ and the maximum

steam/vent gas ratio tRACRIRERESSIegtiachedds opgehl P ALY o Q&R 28" FORHET E8Mprising
a devicesfoq determiningthemalesulasweighiohthexept gassiteand assactated with the flare riser,

26. The flare assembly of claim 25, further comprising a flow sensor associated
with said flare riser for sensing the flow rate of the vent gas stream.

27.  The flare assembly of claim 26, wherein said control unit is responsive to the
flow rate of the vent gas stream.

28.  The apparatus according to any one of claims 25 to 27, wherein said control
unit is capable of calculating a maximum allowable flow rate of primary steam through said
steam injector assembly inio the combustion zone and modulating the flow rate of primary
steam through the steam injector assembly into the combustion zone to avoid a flow rate of
steam in excess of said maximum allowable flow rate of steam.

29.  The flare assembly of claim 28, further comprising a flow sensor associated
with said steam riser for sensing the flow rate of primary steam discharged through said
steam injector assembly into the combustion zone.

30.  The flare assembly of claim 28, wherein said control umit is capable of
caleulating said maximum allowable flow rate of primary steam based on the flow rate of the
vent gas stream and applicable regulations with respect to operation of the flare assembly in

the location in which the flare assembly is installed.



33. The flare assembly of claim 32, wherein said control unit is capable of calculating said maximum
allowable flow rate of primary steam based on the flow rate of the vent gas stream and the molecular
weight of the vent gas stream. 34. The flare apparatus according to any one of the claims 25 to
33, further comprising an alternative gas mover connected to said alternative gas transfer conduit for
causing said alternative gas to flow from said source of alternative gas through said alternative gas
transfer conduit and into said steam riser. 35.5fhe flare apparatus of claim 34, wherein said
alternative gas mover is an air fan. 36. The flare apparatus of claim 35, wherein said alternative

gas mover is ad hir far Withas aseBrdfregleraiurive. Whergn Hd faritapparatis e1&8im 94
wherein saidaltainative 9as-Mevalds AN CHUGGk. of pindheflaie spRaraisohelain3 bhiwherein

said eductor uses steam as a motive fluid. 39. The apparatus of claim 38, further comprising a
condensiAgt 3k SEsBRiaddn T ItRASHRNEHEGRRIVE Y 28t raHErErE ShHURTSHPERBVING moisture from the

alternative gas fransfefipdry.said-aliginative.gasiranaigr.cendilising £0:iBe APRRABIMSAGE0rdIng to
any one of the claims 25 to 39, wherein said steam control valve and said alternative gas control valve

are indep¥rinelcsiene EhbtHehanardispolEdm urr wed iy Hatsdlaep Hatit and said alternative gas

transfer conduit yespeglivelyre assdhnlne flargapraratus660rging d8may Qi okthesgims25 to 40,
wherein said steam control valve and said alternative gas control valve are combined together as a

three-waRNaIPENSBESEE TR AtearPHsEPW rate £ PAMAFE HeagniBRrd it Feedvesaiawristgas

stream aleﬁtvlﬁa'ygrﬂ&ﬂavgﬂ@tﬁe COMRYISING:cR 1A Haderiear fok gaagkcting a vent gas stream; a
flare tip attached to said flare riser for discharging said vent gas stream into a combustion zone in the

atmosphere andburnihBfIAREGARRATEE cRHFRIISIS Y gRE; one of the claims 25 to 33, further

comprising an alternative gas mover connected to said alternative gas transter conduit for
causing said alternative gas to flow from said source of alternative gas through said
alternative gas transfer conduit and into said steam riser.

35. The flare apparatus of claim 34, wherein said alternative gas mover is an air
fan.

36.  The flare apparatus of claim 35, wherein said alternative gas mover is an air

fant with a variable frequency drive.

37. The flare apparatus of claim 34, wherein said alternative gas mover is an
eductor.

38, The flare apparatus of claim 37, wherein said eductor uses steam as a motive
fluid.

39. The apparatus of claim 38, further comprising a condensing unit associated

with said alternative gas fransfer conduit for removing moisture from the alternative gas
transferred by said alternative gas transfer conduit.

40.  The apparatus according to any one of the claims 25 to 39, wherein said steam
control valve and said alternative gas confrol valve are independent of one another and
disposed in said steam transfer conduit and said alternative gas transfer conduit. respectively.

41. The flare apparatus according to any one of the claims 25 to 40, wherein said
steam control valve and said alternative gas control valve are combined together as a three-
way vaive disposed in said steam riser.

42. A flare assembly that receives a waste gas stream at a varying flow rate,

comprising:



a steam injector assembly associated with said flare tip, said steam injector assembly including:

a steam riser, said steam riser having a lower section and an upper section; said lower section of said
steam riser including a first fluid inlet and a second fluid inlet; and a steam injection nozzle
fluidly connected to said upper section of said steam riser for injecting primary steam into said
combustion zone; a steam transfer conduit fluidly connected at one end to a source of primary
steam and at the other end to said first fluid inlet of said steam riser, said steam transfer conduit fluidly
connected to a steam control valve for controlling the flow of primary steam through said steam riser;
an alternative gas trarfsféY & HAELIPHEMISNEORRSCTSB A8 AREMY to a source of alternative gas and at

the other end to said segardifluiddniet ob said steamsHses; sakhaliernalive eas fansfenaanduit fluidly
connected to an alternative gas control valve for controlling the flow of alternative gas through said

steam riggfbustion zonq 4p,the 4B SRIER RRE PWHEPE DA RER S ErT6PRENSHR &P ow rate of the vent

gas stream; and a stBeRnHRkunitsemestad o said flare agsembly for, contrelling sajebaieam
control valve and said alternative gas control valve, said control unit being responsive to the flow rate

of the veéritgaBIEIRANT B capable of calculating a maximum allowable flow rate of primary steam

through said steam injector assemilyio theicombrsiion zapmandimesutatingthedqw raigeef
primary steam through the steam injector assembly into the combustion zone to avoid a flow, rate of

steam ir YL B ThaGHRINP LRI BT i FatB Ot Efkamiis Fhisl dake 28dehithpef dkith 42,

further cmeprising a flow sensor associated with said steam riser for sensing the flow rate of primary
steam discharged through said steam injector assembly into the ccgnbustjé)n zone. 52 44. The

flare assembly according to dnyjsaHe BEHPRIBRAE I B WELDRETER CaidieaPsT St Riipifte of

calculating-saidsarasiny et @lewanle-flewdate.ef primennsteann baged on the flow rate of the vent gas
stream and applicable regulations with respect to operation of the flare assembly in the lgcation in

which the flare assembl§iT&h&iamiar conduis tidly sponcted Hie Gainiua SRSFei BRI Sntrol unit

is capabie:ghcalgulating saidrnaadinuraiallgyableiflow sater hifimans Sisam haseton theniow rate of
the vent gas stream and the maximum steam/vent gas :g%tio that is.to be allowed. 46. The flare

assembfPAEEBrHHE HoCARYSHE o (e ERmTE WEYo A4S ST PSS IAG HUE Rt 81 EffThing the
moleculaiweightef thenvemdgas stream associated with the flare riser.

an alternative gas transfer conduit fluidly connected at one end to a source of
alternative gas and at the other end to said second fluid inlet of said steam riser, said
alternative gas transfer conduit fluidly connected to an alternative gas control valve for
controlling the flow of alternative gas through said steam riser;

a fiow sensor associated with said flare riser for sensing the flow rate of the
vent gas stream; and

a control unit connected to said flare assembly for controlling said steam
control valve and said alternative gas control valve, said control unit being responsive to the
flow rate of the vent gas stream and capable of calculating a maximum allowable flow rate of
primary steam through said steam injector assembly into the combustion zone and
modulating the flow rate of primary steam through the steam injector assembly into the
combustion zone to avoid a flow rate of steam in excess of said maximum allowable flow rate
of steam.

43, The flare assembly of claim 42, further comprising a flow sensor associated

with said steam riser for sensing the flow rate of primary steam discharged through said

steam injector assembly into the combustion zone.



47. The flare assembly of claim 46, wherein said control unit is capable of calculating said maximum
allowable flow rate of primary steam based on the flow rate of the vent gas stream and the molecular
weight of the vent gas stream. 48. The flare apparatus according to any one of the claims 42 to
47, further comprising an alternative gas mover connected to said alternative gas transfer conduit for
causing said alternative gas to flow from said sourge of alternative gas through said alternative gas
transfer conduit and into said steam riser. 49. The flare apparatus of claim 48, wherein said

alternative gas Z{’noverﬁle t@] Eiarler g%gle bﬁ gc% O'rr e ?&%1%98%6‘ lfﬁl{]%hg%m 48, t\g/igfer%%%% ggtﬁrnatlve

gas mover is an Air fan with a vanable-frequency drive are apparatus im 48,
wheremcsmﬁcﬁlwrnauvwgaﬂand\/alwﬁam@a@t@nmatlum@teaﬁbhs%mdaw fluftimary §gamhe

apparatus of.clai 51 further com rlsm ng.yn iq ?E!Ee S
transfer%ongwtnfor remowﬁagtem%lsﬁ ?ro e ate%f]ngﬁt}geééggétggfrlif? %Mg%i?%a alt%]r gtél?/gagas
transfer goarddit of tla@ﬂaﬂaampﬂ?éyamﬁla@mdmgltméng«lmhe Bathesstaiply 421nst8B¢dvherein said

steam control vajve ar:ﬁ} alternatiy f § con ggjol Lvalye arg indapen @gp&logg{@e@%gg%ﬁea%q

disposed in said steam transfer condul said alternative gas transfer conduit, respéctively. 53
54.The flateulgparatirs m@xordmgaib)afnbierﬁbwfm cfainiza? tte8B, halsedain Guidlswantecdribiol valve

and said alteralive 4as, ool yalve A6 SOmbINed AR A% AdHesmyaYyalve disposed in said

steam riser.
46. The flare assembly according to any one of the claims 42 to 45, further

comprising a device for determining the molecular weight of the vent gas stream associated
with the flare riser.

47, The flare assembly of claim 46, wherein said control unit is capable of
calculating said maximum allowable flow rate of primary steam based on the flow rate of the
vent gas stream and the molecular weight of the vent gas stream.

48.  The flare apparatus according to any one of the claims 42 to 47, further
comprising an alternative gas mover connected to said alternative gas transfer conduit for
causing said alternative gas to flow from said source of alternative gas through said
alternative gas transfer conduit and into said steam riser.

49.  The flare apparatus of claim 48, wherein said alternative gas mover is an air
fan.

50. The flare apparatus of claim 48, wherein said alternative gas mover is an air
fan with a variable frequency drive.

51.  The flare apparatus of claim 48, wherein said alternative gas mover is an
eductor that uses steam as a motive fluid.

52. The apparatus of claim 31, further comprising a condensing unit associated
with said alternative gas transfer conduit for removing moisture from the alternative gas
transferred by said alternative gas transfer conduit.

53. The apparatus according to any one of the claims 42 to 52, wherein said steam
control valve and said alternative gas control valve are independent of one another and

disposed in said steam transfer conduit and said alternative gas transfer conduit, respectively.



53

54, The flare apparatus according to any one of the claims 42 to 53, wherein said
steam control valve and said alternative gas control valve are combined together as a three-

way valve disposed in said steam riser.



