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BACKGROUND [ 0001] The BP oil spill in the GQulf of Mexico resulted in | arge
areas of HE2B18% | oating on the ocean surface. Some GFCHHBEH/4BAs are
cl ose to beaches or natural habitats of animals. Mechanical recovery,

chem cal treatnent, biorenediation, and in-situ burning 5are anongst the

nost wi dely practiced marine oil spill response technol ogies. [0002] Wile
| arge scale skimmng is one method to control oil pollution, the U S. Coast
GQuard has been conducting in-situ burns of the surface oil, primarily due

to the advantages associated with this technol ogy such as high oil renoval
rates, relatively | ow cost, and si npl qﬁll %gi stics. 10[0003] The U.S. Coast
Guard i ssued an operations nanual for ‘ rJr-si tu burning of oil fromoil

spills as U S. Coast Guard Research vel o nt Center Report No. CG
D-06-03, G| Spill Response%ﬁn’?)gﬁtbqne&r&ﬂlﬁ%t{nﬁ (%tr}&ﬂttef)oer ations Manual, Final
Report, March 2003 (hereinafter, Coast Guard Manual). The Coast Cuard

Manual may be referred to for conv @ﬁ&\# §yR-Situ burning of oil pools
floating on water. 15[0004] The prg}gpgm 0 Ur{l’o@r ning oil in the ocean surface

is that f 6H1zb'ﬁe%§?&t‘ﬁ%ﬂ AltnE io%M%éo?és%né@rnﬁ%éggal?%s;‘a@glq%;onﬂfasagﬁ ularly

towards the center Ire ere oxygen aval mte ue to
| ack of aion temeeednrameiace. Stneoiieess arcasmang| dasie tg ekeheglon nelufat bebitateot n- si t u

burn can rj W&{ : - olhe - - Manual
descri bed aggﬁaiér}g chgﬁﬁ%%l;}%c@\ré@;ghé}ﬂﬁ?@f%gwg&éﬁ?te%ge;m%n—éﬁ ?%@ﬁﬁtugﬁﬁﬁl s use

i s not S20apprivvegst theempd wilejh peoticed mpfidd glgnilyregporsmedeghinatpgieand pot ent i al
toxicity. Wile the black snoke may have | ess environnental inpact than the
oi | slickl0Q02d Nnileilarogenale skinmyning redwnetmethpd dxsondiwbiiep@iiiivns theby) & Coentabl e.

[ 0005] A f the:i .Sl LS tial anount
of oi'| 15 SR BPRRLARal S Bdly phinp sbRocctol PAe R SHETLEE ! That 1.
after a miadvaniages| asgeciatad withikip leshoplpgpsiciyasrhighpibleneye! atesy edalively law

reported i Bt % | d Manual. [0006] A nethod to burn the oil cleanly
W th substca%tlgﬁ y F’facs) sr?bke and/or to reduce the residual oil after fire

ext n6h L OPodos) 98k 128 Cods? BN RINGT oREARBNE Mathubitolhlsil LAdG: AN wat er
is the formation of a stable water-in-oil enulsion which w educe the
wi ndow of fropypeiranilisiasyl.Boroast GiardiRpsraiengnd Deveipnresd fsetesRegod Not Céal
amount of pagd 8% dinghi j 1 . i | i i ignition
source frgvn?é:g{s’c Iip%%lwﬁerggénasg %@gﬁ%g@ngyﬁg&%@%%ar E’\Igihiahllra%%pg%[gOOS] A

met hod t o Mandr ZeBeheteinalien doasosuard pbamuahi the Cerst Gyard Manwsiimeyriy by
provi di ng gend {d BRSorveRtidMAT Rl bR S digfhoRidositihg ol Galdred-

15 [0004] The problem of burning oil in the ocean surface is that favorable combustion
conditions are rarely achievable, particularly towards the center of the fire where oxygen
availability is limited due to lack of air entrainment. As a result, a black smoke plume
from the in-situ burn can rise hundreds or even thousands of meters. The Coast Guard
Manual described adding chemical smoke inhibitors such as ferrocene. But its use is not

20  approved due to high cost, difficulty of applying, and potential toxicity. While the black
smoke may have less environmental impact than the oil slick, the public generally finds
the black smoke plume objectionabie.

[0005] A further problem of the in-situ burn is that a substantial amount of oil is still left
unburned after the fire self-extinguishes, that is, after a minimum flame-sustainable oil
25  layer thickness is reached as reported in the Coast Guard Manual.

[0006] A method to burn the oil cleanly with substantially less smoke and/or to reduce

the residual oll after fire extinction is desired.
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BRI EF SUMVARY 10[ 0009] The present invention relates to a nethod for
conbusting oil froman oil-containing |ayer floating on water. [0010] There
are several aspects of the nethod as outlined below [0011] Aspect #1. A
met hod for conmbusting oil froman oil-containing |ayer floating on water,

t he net m@mb@mmérsﬁrwtgemwb@ﬁﬁba@wgaoﬂ wxipgieihe onnaiion ofg jalde wataswiehil at | east

one CO”%M‘U ion which will réﬁt{g:@%’e?wﬂ%%%?oﬁﬁ%ﬁﬁ%&?m-@‘JBd?HEn aﬁwefﬁrgé‘éﬁc@%f Qt | east

one con pr oxi hat e e Ol cont al yer oat1 ng on water;
conbust prnt@abamodnt ohveleeinghé ott grwanta |tmfgsllchye¢or\mt with e lgw;«g@ﬁommframm ng gas

in the Béetgﬁv#ﬁr% Qf e rftéoﬁﬂ‘?ne ug;d'nmg%,oxygen containing gas is

i ntroduc gen no ow rate sufficient to decrease the
opact t y[G9P8lA mtﬂoei tp|sr1m@8f2rtiamwmﬁewc:éﬁbmnﬁngoasm"smawmng by provighed ei n t he

oxygen 8%%%?&tduﬂﬂﬁémhu@,mem@%@w&t aining gas in the conduit is greater

t han 25 Yo OXyge east a portion of the oil-containing |ayer
is present as an emnul sion having a water concentratl on of 25 wei ght % wat er
to 40 weight % water. 25[0012] Aé @1@ nmet hod of aspect #1 wherein
the opacity is decreased bel ow a eS| red opacity. [0013] Aspect #3. The

met hod of aspect #1 or aspect #2 wherein the step of introducing the

OXyggn- @@B%%H&' Qsegﬁﬁwgﬁtﬂmrgﬁ?esqggqﬂétfvo&m Eﬁém IH"QFO%%E’)& Efntzrsnngct #4.

oxygen- aining gas throug plurality o nNozz
The net lagel fioktizghgn waterof aspects #1 to #3 wherein the step of introducing

t he OXV@%H‘O Gﬁ@r@bl%'éége@ﬁ§s£eCQIHfttﬁéem8fPlBglé€tou uﬂ@@ﬁélﬁﬁs i ntroducing the

oxygen-cont-ai ni ng ame regli on above the oil-containing |ayer.
[0015] ASpEicispas!. #Trﬁenﬁtbo%ﬁm combuglipgct! fipmiampieeentainingdaysx flegtingesrvaieni ng
gas is ﬁgtnqé)[gb@ggmg,i ﬂ{cBet he at | east one conduit frombetween O and 1 neters

above t he upper sur of the oil-containing |ayer.
passing an oxygen-containing gas through at least one conduit;

introducing the oxygen-containing gas from the at least one conduit proximate the oil-
containing layer floating on water; and
combusting oil from the oil-containing layer with the oxygen-containing gas in the
presence of a flame,
20 wherein the oxygen-containing gas is introduced with an oxygen molar flow rate
sufficient to decrease the opacity of a smoke plume from the combusting oil; and
wherein the oxygen concentration of the oxygen-containing gas in the conduit is
greater than 25 mole % oxygen when at least a portion of the oil-containing layer is present
as an emulsion having a water concentration of 25 weight % water to 40 weight % water.
25  [0012] Aspect #2. The method of aspect #1 wherein the opacity is decreased below a
desired opacity.
I0013] Aspect #3. The method of aspect #1 or aspect #2 wherein the step of introducing the
oxygen-containing gas from the conduit comprises injecting the oxygen-containing gas
through a plurality of nozzles.
30 [0014] Aspect #4. The method of any one of aspects #1 to #3 wherein the step of introducing
the oxygen-containing gas from the conduit comprises introducing the oxygen-containing

gas into a flame region above the oil-containing layer.



[ 0016] Aspect #6. The nethod of any one of aspects #1 to #3 wherein the
oxygen-5containing gas is introduced fromthe at | east one conduit from

bet ween OVWh#1¥0%Het%ers bel ow the | ower surface of the ofCIEBAAIOKRY | ayer.
[ 0017] Aspect #7. The nethod of any one of aspects #1 to #3 wherein the
oxygen-containing gas is introduced fromthe at |east one conduit into the
oi |l -cont ai ni nsg | ayer. [0018] Aspect #8. The nmethod of any one of aspects #1
to #7 fur tiA&SIc Afpeetding Th@@‘@ﬁi'l‘qcb%ftﬁsﬁ@dtﬁ"rjewhﬂw’ctbﬁPé!gﬁ”rfgmtaéiy% 9%% 8h a boom

prior to Gorssd fbmitheabist hOBHAARA 1R LERBERDEWEY h&¥Rf abolB N ps Pect
#9. The nethod of any one of aspects #1 to #8 wherein the oxygen

concent r atSuHACP i ail-6aR} i8I dB%f-ai ni ng gas in the conduit is greater than
25 nol e %ox%S en when at | east a portion of the oil-containing |ayer is

present ad0&tflemsprastdf. 15RhaMaiPholaaY Sne ChaTEsis L ods vWierss Rgpyeenos wat er
to 40 gei %ﬁta%r‘r/]@%a%rls irlt@Q4Ed AP Bt atTekRt o Soril e RitwadVo aRE 1 Phet@sPect s

#1 to #9 wherei gen concentration of the oxygen-containing gas in
t he conduibelovsthg hyar Sﬂﬂfamféh@@'b%@ﬂ’“ﬁﬂ%’ﬁrt he oil-containing |ayer is
greater than 3 mmth [0021] Aspect #11. The nethod of any one of
aspects #109y] #f@paﬂé‘r?e. A e w&etm@&@f@ﬂvwe@ﬁew&m 9 3oyherpia the oxygen-

oXygen- ConbataMimtydas intlddid TRPMhe &t 1daSt SRS rRILit iritheZdi-diRkemnilg @zéﬁgen when
the oil-containing |ayer is less than 4 mmthick. [0022] Aspect #12. The

net hod of [gows] oRepedt #8S PaBk sndtiod & G onber ségecidiel @Mdemh¢@BRBALIRGt | on of
t he oxygen-containing gas in the conduit is greater than 25 nole % oxygen

when ap | eagbliq@hg iremildontdien@ialeoRitt @&bBbm ribepimibaisiigaat e froRane 3il MM
t hi ck and 25t he am)unt of oxygen supplied is |l ess than 80% of the

stoi chi ometric o%§yan r\‘Eiéa)tﬁ”rernsnt for the oil. [0023] Aspect #13. The

met hod of eof sp o#8fur her conpri ntrolllngthe
ot e of SR RS B G dronte e ook phetPent  CrR NIl & fiBEBBued by
t he oxygeroeamtration difgh@@ﬁygéh%hﬁiﬁﬁrﬂg @ébeln(ﬁhé corRIn & gﬂeﬁﬁ@r {hay@6.molg 0024]
Aspect #14. The nmeth rein the st Eﬂof control ling the

e ot c ot gesLs RS ok Hrdur B Tied e 6 Preen St SoERh, 10t 6

order 10 @lamngamt@ﬁwnb@it@n@fﬁ ofZaLGhi AAvAEd to 40 wdi@d25valspect #15. The
nmet hod of aspect #13 wherein the step of controlling the rate 5of

combust i ngOORO| eepRtifses Thealetasi dTany bAe ok ygrdts¥I @HIfWIMNRkIn #eotygenr der to
I ncrease . - . -
concentration of the oxygen-containing gas in the conduit is about 21 mole % oxygen

when the oll-containing layer is greater than 3 mm thick.

[0021] Aspect#11. The method of any one of aspects #1 to #10 wherein the oxygen
20  concentration of the oxygen-containing gas in the conduit is greater than 25 mole %
oxygen when the oil-containing layer is less than 4 mm thick.

[0022] Aspect#12. The method of any one of aspects #1 o #8 wherein the oxygen
goncentration of the oxygen-containing gas in the conduit is greater than 25 mole %
oxygen when at least portion of the ocil-containing fayer is greater than 3 mm thick and

25  the amount of oxygen supplied is less than 80% of the stoichiometric oxygen
requirement for the oil.

(00231 Aspect #13. The method of any one of aspects #1 to #8 further comprising:

controlling the rate of combusting oil by varying the oxygen molar flow rate introduced
by the oxygen-containing gas proximate the oil-containing layer.



the rate of conmbusting oil. [0026] Aspect #16. The nethod of aspect #1
further conprising: passing a conbustible m xture of a gaseous fuel and
oxygen th {Ljﬂyﬁzig@cond condui t; 10i ntroduci ng the nixt gpémﬁ’?‘ﬂﬁﬁ“i”ﬁ@ second
conduit proximate the oil-containing |ayer floating on water; and igniting
t he conbustible m xture with an ignition source thereby initiating

conbustion of the oil fromthe oil-containing |l a er.%éoozyd A3£ect #17. The
met hod of 1893ctASRRCIT]fr P Tedhst PGISRER! 1S pABETMeoiies SrooRtP G BRsaet | bi e

m Xt ures cHEBhHbsdtAg o%éﬁ@ﬂ@sfdé@}eagmg HXYERBN WYIAUBH rktean BFdees Gedpbdset 1 ame
condui ts; introducing the conmbustible mxture fromthe two or nore pil ot

flame condbg fae preaivgting @he oil -containing layer floating on water; and

igniting the conmbustible m xture with an ignition source thereby injtiating
conbust L olDBB AREEIGHP: IMBMANG §lasbeant 3 REHY: INeyash Is00e] Rlsee #1s.

The neghogs ebmBgRiaG ol EdmbrddshRdre 4P Dixgkn RAISEIGVE raAd 0K VG0 id@edbegas
through the at | east one conduit and/or another conduit; and introducing

the oxygend @Ol ustif @he conduit or the other conduit proxinate the
250i | -contai ni.ng | ayer. thereb enchin onbustion .of the oil fromthe
oi | - cont al?‘?ﬁﬁrlg%\sa?éﬁqﬁsﬁﬁﬁﬁ%ﬁ%&ﬂ%ﬁw%%%ﬂ‘ {SNg'EWs OF THE DRAW NGS
[0029] FIG 1l is a scEerr%ﬁiC_ ft t owi ng \{es els pghl i nﬁ boom and a
confi gur at i GRSHPI 3GRBRURIDEE P “@812%99?%’8 ! 8RY GERSCONEHPRARGEYNs.  wo
2012/ 021183PCT/ US3Rdiiit 033783 [0030] FIG 2 is a schematic of the

oi l -containing layer relative to the boom and oxygen-contai ning gas
conduitb. introducing the mixture from the second conduit proximate the oil-containing layer

floating on water; and

igniting the combustible mixture with an ignition source thereby initiating combustion

of the oil from the oil-containing layer.
[0027] Aspect#17. The method of aspect #1 further comprising:

15 passing one or more combustible mixtures comprising gaseous fuel and oxygen
through two or more pilot flame conduits;

introducing the combustible mixture from the two or more pilot flame conduits

proximate the oll-containing layer floating on water; and

igniting the combustible mixture with an ignition source thereby initiating combustion

20 of the oil from the oil-containing layer.
[0028] Aspect #18. The method of aspect #1 further comprising:

passing an oxygen-lean gas through the at least one conduit and/or another condui;

and

introducing the oxygen-tean gas from the conduit or the other conduit proximate the
25 oil-containing layer thereby quenching combustion of the oil from the oil-

containing layer.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0029] FIG. 1is a schematic of two towing vessels pulling boom and a configuration of

30  conduit for supplying an oxygen-containing gas.

.



[0031] FIG 3 shows sone configurations of oxygen-containing gas injection
nozzl es. [0032% FIG 4 is a schematic showing two towi ng vessels pulling
boom and ¥G¥&H¥A i ati on of conduit for supplying an o%?’S’éﬁl‘Bé/ﬁWﬁ??ni ng gas
and neans for initiating/sustaining oil conmbustion. [0033] FIG 5 is a
schematic show ng two tow ng vessels pulling boom and another configuration
of conduit for supplying an oxygen-containing gas. [0034] FIG 6 is a
schemat i ¢ (AN A1 & Bhemglicelsie pcppfpiningdayss sntiRdo 4iforae8t 2ndt owi ng
vessel puldkiqiG-ddn@igengad todd@lk. suppl yi ng oxygen-contai ni ng gas. DETAILED
DESCRI PTI C15‘%‘035] The articles "a" and "an" as used herein nean one or
[

nore when gl i ¢9GOsRME JoRft sinBgliBiGERAGKPRM Snefinib§8aPMRIBA ndwant i on
described in the specification and 15cl ains. The use of "a" and "an" does

not |imt §dp2) meaning até%h@m%ii@%cﬁuirﬁ%@ldlb@in@ﬂ)e_@ﬁs BURY Bodnk Bhd al S
specifically stated. The article "the" preceding si ngul ar or _plural nouns
or noun pliPEEsEatgRRhERIUS FrAUPP NN A RYeRN-F3TERINPE §P8 FRA BICaPRIY i cul ar

speci fi ed figahbikesamng omyniaygna singul ar or plural connotation dependi ng
upon the context in which it is used.. , The adjective "any" means one,

sonme, or @033 Nte.W s fRab@bic SfowpteMeninguasidid Yullindisoot®ah@amathand/ or "
pl aced between g first entit second entit glgmeans one of (1) the

. [ y and a
first ent iCPV!QU(aéP“Pﬁ@o@é‘%‘?{cﬁ%a‘b’if‘ﬂﬁ” UHETHMIRBILPF st entity and the
second ent |t hrase "af |east a portion” ans "a portion or all."
0036] ThidkksIE SRt hemats st Selokhadent POl SBtatd A S °F rom an
oi | - cont atdwingvésyesulligans togiu@onabelyingAKpgsH-sortdinihggaset hod may al so be
useful for burning 250il on land. [0037] As used herein, water includes
ocean water, sea water, |ake water, river water, and the |ike. [ 0038]
The oil may be refined oil, unrefined crude oil, or any hydrocarbon-based
flammabl e or conbustible m xtubeETALESUbDESarIPEDNY | i quid phase. The oil my
be oil that 30has | eaked froma vessel or pipeline. The oil nay be oil that
has | eake{UB35pnThe wricles "aV¥D 2@k 240 R4cBRIPER /MdSAAhE I h33& 8Beh APBIRL 13 hay

oil -contai.hing.l ayer .may, contain substantially only oil...The oil-containin
Payer may GUTEAN SHGeUMEHS0 M RT AN M non dpsetbdt g Snesifceion st ¢ Con of
t he oi!f*o - Coitr;@é.mhaglsda ayar ahtl tat"sloos nph@nimte@mehaning tﬁ a[sﬂﬂ_:fl@l fealthe umegénodd _
conpri ses SSi.ng.an 0x n- contai nir s, through .at ,| eas ne 5conduit.
C00a1] an B iR iscme Rt R iaiad he b SR8 srecatiir Ny G R A SPuBS i
air, oxygeourepirasdedbnates a pardculadipstifiedieagradepaxygarspebified fasuranamxygen
concentration of abou xygen

21 nol e % oxyagen. en-enri ched, .ai r. has. an
Comcent v ale§hags adfreler AEATE Portls b SBna et ST e SRS BP0 BPe
gr ade oxygea adeytivedah@imednsameSsom®|ce all ¥alidcaminately of whatever quantity. The
20 term “and/or’ placed between a first entity and a second entity means one of (1) the first
entity, (2) the second entity, and (3) the first entity and the second entity. The phrase “at

least a portion” means “a portion or all.”

[0036] The present invention relates to a method for combusting oil from an oil-
containing layer floating on water. Aspects of the method may also be useful for burning
25  oil on land.

[0037] As used herein, water inciudes ocean water, sea water, lake water, river water,
and the like.

[0038] The oil may be refined oil, unrefined crude oil, or any hydrocarbon-based
flammable or combustible mixture in substantially liquid phase. The oil may be oil that

30  has leaked from a vessel or pipeline. The oil may be oil that has leaked from a well.



1l0essentially 100 nol e % oxygen. The oxygen concentration in the
oxygen-cont ai ni nqygas may be varied over tinme. [0042] The oxygen-contai ni ng
gas may b¥&WAHIIIEY by an air conpressor on board a boaff’l’@%‘g‘éwgﬁ?i chment
may be affected by bl ending industrial oxygen froma storage vessel on
board the boat. Industrial grade oxygen nmay be supplied froma storage

vessel 15qn board the boat. %0043 A conduit is ag%/ i pe, tube assageway
fy bhd el

or the I i KEO3H hrT6ESH CRRPEINSHaYS iy FrafAih sutstmiale daptai be

fabri cat edayer aiflyaRYansathiigbh BoffBhRGictlank RN, Alebdie grfion ShitReEil-thraigiagdui t
wi |l be exposed to high tenperature flanes, the conduit may be fabricated
from mat erd¥sf 8048 6R VEVaiPre-ret ardant fabric, netal, or materials used for

t he 20con tion of the fire-resistant boom [0044] The t hod further
conpri ses %’éﬁ oJE?Ei”?f‘dh?cnﬁ‘é)Wiﬁﬁéﬁ-a%’Pﬂ%ﬁ ﬂ%yﬁﬁné’&@t[aff?@%sﬁgmagﬁ PE’&%‘F‘ Bfe
condui  prexdumte the oil-containing |ayer, the oil-containing |ayer
floating on water. The oxygen-containing gas fromthe conduit nmay be

i nj ect ed §HEOYgMRXphsI-8bithiMingfgab @z b&Sconthigingxygsn: kebkahple Ry, @agehs

i ntroduced proxjinate the oil-containin ayer, 25whi ch neans t hat e
oxygen. coRB TR GaS Nl B PR PaaaRad PR 8 OHSSHAP SR TaLY ot bw t he
oi | - cont gimﬂié\% b%_@?.,ONQbﬁ-_ehh@e@: dirmrﬁ%ﬂ?b@ggﬁrﬁ%ﬁﬁ@tio@@éﬁér thah airapfth ame
regi on aboye the oil-containing.|layer. used herei region is
e vi's: bRboyidiaolh FfbeRs MeldHe s e Reay agaen fom 8ot oThe

0XYy gene CorkEdrmiaMg1WRSoIEY oRpgdnITheduerd chnamtlaben atihé ergienanatadomylghd
30from between 0 and 1 neters above the upper surface of the oil-containing
| ayer. [ OGX|PorYRECE Y ont ai ni ng gas may be introduced fromthe at |east
one conduié}%ory between 0. and 1 neters belio t he l.ower surface of the

oi | - cont ailh4fd 14§ SKYICTHSNSTEY 639 185 BBEPRRISS BY FNFHSFEY FH34 91 Pedid 2
o>r<]ygen|- cofmbai. mxp@rg?&icﬁﬁwnmaj/ bé é?@lﬂ@cﬁﬁy bireﬂﬂnag:cﬂeiuatial ®gsgén Hom a:ﬂn:@g% t into
the oil-containi ef. 0Q48] The net ho urther conpri-ses conbusting
ot 71 om SRESHPY St ratgnHagias R R Re By B BElae IR Rt Hhothe
presense oh baafd e®oatteat fromthe flane vaporizes at 5l east a portion of
the oil for conbustion with the oxygen-containing gas. [0049] The oil wll
be conbustiemtdqt sacondtieisafnygipd)tdie] passabbway oltbe fikeyghroagrewhithe floidmayng rate

For var 038 PRkvRHb & Ul ey BrebanatieR ae) Sy RaBRE b i poo
Fi re Bur niSigeRag esnduithilt Be dqudsnotoggh te_1r9¢e¢atgre ﬂagﬁésf, ?rﬁalsonNoWamyexe, I1983f|

10[ 0050 . - t, t uce t n. OxXyge ar ow
Fate sut t e B RLAbEuPRad BT R giel R U Rele
conmbugoi ngowsttuctidier thp dai-teyistimybd@ndecr eased bel ow a desired opacity.

[0044] The method further comprises introducing the oxygen-containing gas from the
at least one conduit proximate the oil-containing layer, the oil-containing layer floating on
water. The oxygen-containing gas from the conduit may be injected through a plurality of
nozzles. The oxygen-containing gas is introduced proximate the oil-containing layer,

25  which means that the oxygen-containing gas may be introduced into the water directly
below the oil-containing layer, into the cil-containing layer, and/or into a flame region
above the oil-containing layer. As used herein, a flame region is the visible flame region
as seen by the human eye.

f0045] The oxygen-containing gas may be introduced from the at least one conduit
30  from between 0 and 1 meters above the upper surface of the oil-containing layer.

{0046} The oxygen-containing gas may be introduced from the at least one conduit

from between 0 and 1 meters below the lower surface of the oil-containing layer.
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[0051] The oxygen nolar flow rate is the nmolar flow rate of oxygen in the
oxygen-contai ni n as. The oxygen nolar flowrate is the oxygen nole
fraction M?‘Pﬁf}%ég“ by the 15total molar flow rate of tH’@TG@@éWQ‘@%t ai ni ng
gas. [0052] A decrease in opacity nay be readily observed by even a casual
observer. The decrease in opacity nmay be determ ned by EPA Method ,9 -

Vi sual Determ nation of the Opacity of Em ssions from Stati onary Sources
EPA Met hod0847ls Tdiesuiiganserni#niepaasagy bedpiqsivged (pisitht 8t Iefst 98f GAAYH islod
Manual EPAnMBE-BedlsinPgadér22, Final Report,. 20dated Decenber 1993. Wile

t he snoke plunme fromthe conbusting oil fromthe oi | - containing | ayer
floating goemt erheFBdth @ furBNI agn;ﬁtsegc@h@ugtag@ﬂ@oduﬁebmcbmmm\@mm@mof t he
boom t owed by boats, for the purposes of this pethod, Method I.S suitable.

The opaci t'§® ﬁé)gﬂeaévoa@mm%a e IESFNCE e ﬂanﬁuaﬁ?ffff%“@ﬁ@mwow Has been
certifised |gagtadig df theEHoMNdmdtidh wib[HOSGhePebsinihg gapd/ or duri ng

conbusting the oil fromthe oil-containing [ayer, the nmethod nay conprise
col I ectingod4w Oinle-daQWt Bé BorABUIAY &a Mitd &F dniiRetng dine: H@mﬁ@ fefie. A he

fire-resistant boom Collection of the oil-caontainin is described in
the Coast RUPPHABATGIPENTE OB K @Hbﬁoor .’j Pty '§@V%iaé’%y[3§'é%"terat“re for

;l re- [eSl sia]gmsmt lblé@&tﬁéd ol IBRbERARAS, @%@Mﬁy&brg@:%{(ﬁ@??mh@é theth
ormati on a, sl er-in-o Si slick wi reduce the

wi ndow of r’tg’[ﬁwaf)ff‘%” PErY; W"‘{lr‘? éh ggb%{ m% 1§§€sence of a critical

anmount, of r in the oil prevents .the s in contact the ignition
Sour 07 SHREIL ahP ey gerreonidiine G RaUERIEHL M PE ofrah BN T Bl gen W0
2012/ 0211&3%&&@&2%% QB3B3 NCONbIKAHILOB TR hbeomugmy-dioTh@bpidiy gas
in the conduit ma at er, thgn 25 ol e % oxygen when the oil-containing

;
| ayer is ﬁ@fs%en‘fle %asﬁﬂ% &fg3red PRaCxygen concentration of the

o1 | Scont sty 1y BRad e BELRY e Kine BRh dPuTR PGB BN rat i on of

t he 50xygeﬂnt@¢m@gay mge g%emyo@ﬂ‘!cgn@ailelthd e momiractiod nuliptiygen tiwhen t he
oil-c ta| |in er IS {) esent as errul sion. Oxygen enrichment w |l
i mpro ‘?VY Kils P ’3‘)881‘(5’9(95' 'g$ %% The emul'sion may contain from

ﬁgy“ﬁ'eggtetﬂé@#ﬁ Bpdidton t&iﬁa&%er?? ARaBr B Brossr St G o
Manual di slebieassintdpatityamal be slistedmpiet biyiBFA g thiod Gut mlgaa! Deadrurtiad tloyi oi@when t he
shick bur rbspagﬁm érﬁisgo%swrgrlr(l %%gtlsontapy ourclzeLsO\A:@Aq\qetHgd Qs gtSCL}sgeé)%SEPA hrough the

340/1-92-004, Visible Emissions Field Manual EPA Methods 9 and 22, Final Report, |

20  dated December 1893. While the smoke plume from the combusting oil from the oil-

containing layer floating on water may be moving at a slow speed due fo the movement

of the boom towed by boats, for the purposes of this method, Method 9 is suitable. The

opacity may be determined visually by a qualified observer who has been certified

according to EPA Method 9.

25 [0053] Prior to and/or during combusting the oit from the oil-containing layer, the
method may comprise collecting the oil-containing layer with a boom. The boom is a fire-
resistant boom. Collection of the oil-containing layer is described in the Coast Guard
Manual. The Coast Guard Manual also discloses fire-resistant boom.

[0054]} The Coast Guard Manual discloses that the formation of a stable water-in-oil
30  emulsion in a slick will reduce the window of opportunity for an in-situ burn. The

presence of a critical amount of water in the oil prevents the slick in contact with the

ignition source from catching fire. To help overcome this problem, the oxygen
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slick to the water to cool the surface of the oil belowits flash poi nt
This situation reduces the concentration of flanmable vapors above t

slick to ¥O&NHP214%at is bel ow combustible linmits. The thi %ﬁ‘é‘é@ﬂf“” Whl ch

an oil fire on water extinguishes is related to the type of oil and initial
slick thickness. Rules of thunb are presented in the Coast 15CGuard Manual
that indicate that crude oil wth an initial slijck thicknes?]éof UP to 20 nm

will o exti mg0F¥Waten alibaexvaenmontainiakozs N G eandui mayi ke Hpatel haR 2PRi%ness of

50 mm Wi | o, @xfdendiicith@bil-8b@bhing 1&y@r & dFH%er@@éiaﬁleﬁiUIéiératT’ﬁefoMﬁjeﬁ of any
initial slick thickness will extinguish at about I s means t hat

above a s|GoBRENRiiekpidRg opyaen- wmalmmg%ﬁ magﬁ%ar%’%w A PR'es X% ed

conbust i onyRYaRe Bi-EHAhiINGHSER RBSdre BEBALMUBHMOTREbxydRe RXY&fMtion of the
concentratl on of the oxygen-containi n_the condwt ;@y be about 21

n
mol e 9 ox FUSEN- ﬁ:or\éamlaggweaﬁy@@ a5eaieN tagm/?am*ez% axygen whep Berieeniailedh t he

oi | - cont aijgjents drayeit ab an SHRANGE. Oxhgéh é’nrféﬁh@hi Wi imp@05 e éUﬂrﬂ)L@h!ﬁlﬁny freci ency
or oil renoval efficiency by in-situ burni ng"%’dﬁﬁ een nd to |ncrb?ase by

f
t he introd@sigh Toe egw'%%@éhceraﬁmqm L r\f%ﬁ*}f o Waier Ay pultable

25ent r ai NRYunObT Ayfien aNninzet AXY 86 AeePNPEWiBbItAMA0é ekhRin®tygRA: cont ai ni ng
gas. [0058] The oxygen concentration of the oxygen-containing gas in the

condui t mgpos® gheatckt Ghaa f\%u@%@ci@éesﬂ%z}‘t%ﬂn%@ﬁuﬁﬁedxﬂﬁ@lts?@s@@f&rﬁl@ﬂ of
t he 0|I-conta|n|n | ayer is |ess fssth thick to

oucdOs hame BB BOBIRAP ORIk e SR 19O T B 18P g B
%ygenE Cf)%h@it i tRGwE RS td ébo}l h? sﬁlﬁasl?lbﬁthgt@}l bbl@wgrslef@tslebomha'in:smu?tﬁirﬂeg&%soxgeE
en a east a 0 e oil -contai ni a ess an mmt hic
or |ess tHEHCAG r@tmn@gfi@fam lsurBoms RO RIS o 3 levptdlial s BRipw [0059] The
met hod rrft;ﬁombu&thﬁé Itrﬁi@dTlThl b?iﬂct@@@é g{éﬂh}h:bﬁﬂgn ghﬁre{j@tb\ﬁatt@i;] expgbiesdd 8 gelgiet By
varying e oxygen no| ar owrate intro e ox i ni ng gas
proxi mat e N&WP2G19} B ek Wﬂﬂ?% é’gﬂf%‘éb%elpr‘ém%?ﬁn%(g?%% The
ol ar a Blbowwaa@ Maﬂﬁ?!gwgﬁkdt@iﬂaﬁwﬁg@;l Ryt tahaqemaqxemm@niﬁsaloﬂup?o g@mmmyl be
vari e y varying e volunetrijc W ra 0OX con as
and/ or varSingyightal aBuigbmt GHidE ! M |9(5‘ri“'iﬁli %%gﬁg@%&%@mrgm??&n@g@ﬁ The
rate of cerhbgitiong 3qhm, @mymbmla@mzrs@f bﬁ?jd;nhbét sretigasicag wilhextioguigest mol ar
flowrate |n 50rder t o decreas %CE gf comhust i 3 L] Jhe rate of
Combust ] mabBiL T TR, This TREATS 1408 Vg o hrSRer S SHB Mo s BT R, ot e
in order tsostaMeteamBusthn dvah witBbute érirR@menl.. [0060] The Coast Cuard
Manual addresses igniters. However, for hard to start fires, for exanple

w th epul 00553, m@dixygaf@nc@ﬁtm@n @ﬁbhebﬂy@@rk@cﬁhtaiﬂ'lhg gaeirhing otmdum‘ma;t ber
S'g(r:gHSLI Z%ggaSSI ng]e%/o oxyge%Szte lf}le’(ween mo e % an%aQSﬁesor%%lef }I oxygaerrlwdw ex%e

oil-containing layer is greater than 3 mm thick.

[0057] The burn efficiency or oil removal efficiency by in-situ burning has been found to
increase by the introduction of an oxygen-containing gas compared to natural

25  entrainment of air, and the oxygen concentration of the oxygen-containing gas.

[0058] The oxygen concentration of the oxygen-containing gas in the conduit may be

greater than 25 mole % oxygen when at least a portion of the oil-containing tayer is less

than 4 mm thick or less than 3 mm thick to reduce the amount of residual cil. The oxygen

concentration of the oxygen-containing gas in the conduit may be greater than 50 mole
30 % oxygen when at least a portion of the cil-containing layer is less than 4 mm thick or

less than 3 mm thick to reduce the amount of residual oil.

[0059] The method may further comprise controlling the rate of combusting oil by
varying the oxygen molar flow rate introduced by the oxygen-containing gas proximate
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conduit, introducing the m xture fromthe second conduit proxi mate the
oil-containing |layer floating on water, and igniting the conbustible

m xture WWHO28302g8ti on source thereby initiating combUStOROBIIBIS oi |
fromthe oil-containing layer. The ignition source nmay be any ignition
source known in the art, for exanple a sparker, heli-torch, flare-type
15igniter, tin-can i nlter or a pilot flame. [0061] Wen at |east a
portion of theieé- v@mamtﬁ%ﬁrn'mfgmp@yg@w raje pf @9ean ndedutpdeiihg osYoemavi ng a

vat er concs‘dmahgggs ok év\éﬁé@mva@w?wv&mné@cm%}&o%hwx%enthe met hod
may conprise addi |ona steps to sustain conbustion of the oIl fromthe

oi | - cont ai FANRININGPET a”deeV%'ﬂ%Eﬁ'G FgeT eanchelration gh ey s s Mgnva@asr m)r e
combust i bl endmiaxd SF @HAIGRIBI hay BY cSARAYBy Eé@éaﬁﬁt?th@&?@éh BEPHER

nore pilot flame conduits, 1ntroducing nbus m xture fromt etwo
or nore p|<Pr6?rtpldéﬁ@aé@m@uﬁtesofﬁp@iau#ﬁ*@@f!tﬁ@ ite ofcaontbariitang! mayke floating on
wat er, andcdn%iléd mn&rlags;ﬁg éﬂﬁaom rr&e\m bideAfd ih@BAdd B rSQYF Ce t her eby
|n|t|at|ng conbust’i on of e0| fromthe oil-containing | ayer. [ 0062]
The Coast @fUusinkfilial di scl oses that there are methods that allow for sone
25control over the burn area and burn rate, but that it will be difficult,
i f not i np8889lnl Ehe ¢epsyGuakd Varsal PAYGRas ianiess. dlowsiver farhardie starklingatier .

[0063] ThegahfseRin aﬁn@%sr&waz@)aa%@%@ BOBKER. TH MeBYE AGY rGaEpusti on of
the oi]l] on the water. The net hod onpri se passing an oxygen-| ean gas

t hr ough? t h@”@ﬁ”sﬁé’éﬁm%ﬂéo'@%ﬂ@ﬁm%ﬁ’(ﬂ? QFa améﬂ‘ueéan@emgené*ﬂfaugm@ SBeRIEi ng

the oxygensdngam uﬁiﬂfdu&hgfﬂﬂérﬂi&tﬁ@%ﬁﬂ!ﬂléke&fndtd&ﬁdmﬂ%km%@é'%'cﬁl-o%%: te the
oi | - cont ai n| ng | ayer thereb uenchi ng conbustion of the oil fromthe

oi | - cont ailAYSS OP%B%?” Wafma@émmﬂ%sﬁabw@MWL@%wmnpasrﬁm]soweused

her ei n, arth@zéﬁgﬁﬂralnﬁ%eo.g&ssﬂoﬁ oAtH@as fﬁﬂﬂft@'dlldégta@wlﬁgi"ia?emh& gt eeRe The
oxygen-| ean gas ma e industrial %rade nitrogen ndustrial grade nitrogen

may cont ai'R2¥f P%ﬁﬁ‘b@”'ﬁ’ﬁ{‘ éO‘W?B“%%@ be arty ipr Q’Gﬁn%ﬁép%‘ﬁi et lpooBBs FI G

1011 ust r ag@teram-GPNGHiak U o bt Sahd.yi ng out the nethod. FIG 1 shows a
first Sgeonetry for the conduit 10 for supplying the oxygen-containing gas

proxi mat e [DO@IIOIWheﬁﬁﬂbﬁét%'dwndnadf%e 8- &é:@a%h.hg%y@nisvr@é@rm ad BeR@iskessel s 1
and 2 pull the fire-resistant boom 4 using tow cables 3. The Coast Guard

Manual des@INgesWRigF F%”%&?&Of?ﬁé‘t@'%y wate( et W%‘Bh"t%l"‘éat?fuuﬁdg@ oBecause

of oxygen- rﬁé’,%cﬂh@is’é%dﬂ@%nél@teﬁ%ttb QiisthiR lee DU RSOr GRS th b oik shtdihiage
terrperature ma e hi Therefore, boons with higher tenperature rating

such 10as '#¥fs %@@Ogm%t"éherd‘P”W'F%pW@ror@dﬁlni‘Qf@ CQWQUﬂ!b@ Bpfiaes
Schemapi ¢ adohprisihg\Wa6edlsd8eldnd oxygen through two or more pilot flame conduits,

introducing the combustible mixture from the two or more pilot flame conduits proximate
the oil-containing layer floating on water, and igniting the combustible mixture with an
ignition source thereby initiating combustion of the oil from the oil-containing layer.

[0062] The Coast Guard Manual discloses that there are methods that allow for some
25  control over the burn area and burn rate, but that it will be difficult, if not impossible, to

quickly extinguish a large oil fire on the water.

[0063] The present method may comprise steps to help quench combustion of the oil
on the water. The method may comprise passing an oxygen-lean gas through the at
least one conduit and/or another conduit, and introducing the oxygen-lean gas from the

30 conduit or the other conduit proximate the oil-containing layer thereby quenching
combustion of the oil from the oil-containing layer.



i ncl ude an oxygen-contai ning gas supply conduit. However, separate

| oad- beari ng cabl es such as those made of nulti-strand steel wires could be
used al ond%® #8284 1% ygen- cont ai ni ng gas supply conduit WHTAR2PHLEFB3 can be
made of fire-resistant flexible pipe, tube or conposite floatation and
fluid-carrying inplements. The boom col |l ects the 150il-containing | ayer 5
prior to and during the conbustion of the oil fromthe 0|I-conta|n|ng layer
5. Condui t[0884]i SAxiseddigeain e AMgeblsemaas ideEeoNtaitNg D 1Q fGiae & Penerati ¢ of

the oil- Cweadx@b&glehaxggé ?nary%le%ddé?nali Bralag%mo@eﬁnﬂdm'éfatdemrcﬁj&q rhéy,l ustrates

addi tional details of the configuration. Thé oil-containing layer
col | ect ed Wt@m@O%@@rﬁlde I“stosassentigty i1a9 Fg,@ier%d@{fquw on the surface of t he

wat er 101. The 20boom 4 is made to float at a desired depth by control l'ing
t he anount[0865]] iTdGi 8ilveptenan deparales FysRiTYiog 9pt B8 sedhed: FlGr1 s olimer

gaseous f'gaoﬂqe@@morhﬁe g mrforrs%gﬁwﬁg tﬁé‘&ﬂgﬁh -Bn G ng s%pragm%vmg%nl%

e.g. a valve, to affect the internal |iquid |evel by adj usti ng
the rel at|Q¢’€taé[’ﬁ'ﬁﬁﬁﬁb’8f(ffﬂ%t‘ﬂ9|PHW§e‘ bvdng Messgls Wad%%'}ﬁhetf%m&&é@iﬁ ey t he

boom may Q%lrfgqﬂ\'}vrc%lle@@ $i%b E0Ad duard VBALS dBbored Q8idRDARRIPat TAlEnSoRdui t 10

for supplyi ng 50xygen-containing gas is attached to a siml arl
const r uct er PiscurRasp oPeweve eEoxoBRARRBING Q?@ﬁ‘ﬂlﬁ@flonﬁ@%%f’em@m%'séon dal ve,

mani pul at %n{eh%nfpeita%fr@%ayl HeHigikr] wéfoa@%o@ﬁs Mth Bfghet féﬁadéﬂﬁhffel @ihPuchhe
nozzle 8 relative to the top surface of the oil-containi Eﬂlc! ayers. The

i nt er Al 135409 Made phimetaorygBivalesRelingare Araigrad 1genematie ﬁOWd%ﬂbﬁsl?’on

devi ce 10G,Hg¥% é}eo%b@fcomg%g QpplP oS HoRask ! yep%Ye%'lc%laLt%ahhﬁlU' d. As
descri bed herein, the oxy Ocontai ning gas conduit is a conposite

f1 oat at i or@§ks seehaeliony ”W@Péﬁ\mt@tﬁéﬁ s ?W%"f g0y Be dpgd a'a?gﬁ‘@%’ht fromthe

system as &?@&f bé?ﬁ‘é#mh@rgﬁé §upﬂW¥orﬂhQWh@ﬁ EfSB@C&@B@ 4B & filetesibRABAxifhONdUI t
10 in FIG I's configured nozzl es FIG 3 illustrates sone exanpl es

of nozzl e§'PeTﬁ@erR5£2F’@§9'WeﬂPa!?é'0§ |aﬁ%ﬂk!'d§taff&ingwﬁp1ﬁ6‘£ﬁ sedhg ppetn calipcts ez 2| es
with (%0 2f)Jeh BPEH Hhried @ dnd QFhE3Re 0HRPINBAR cPtheldiGroht the oMt S 3b),

and/ or nozzl es with side openings and end opening(s) (FIG 3c). The conduit
10 may be l®hHi gond W'?ﬁ“@%‘@dé(&% Rappetnozzl es throughout or the nozzl es
may be varied. The nozzles may have strai ght openi gs where t

oxygen- con®8l fgGgashqvs 7 ﬁ?f@maéa of Higi Arqop ety of, at'ﬁ’ﬁé‘?/b?i%{? 4pade a

tangent i alcoﬁ@@nnpwmuét@tésrﬁiia%na: cﬁa‘M:Fs'df &@ d?ﬂh@lﬁ'éfbn The oﬂch@t_aﬁlﬂ@ﬂhYé}% may
have any angﬁr e between the |j axi s and pe axis. That is, _the

oxygen- cofPEaehly Hedores lﬁéupﬁ?‘étéﬁ”éao%ttnggﬁ‘ tﬁ@éb’ff%cé’s‘)ftﬂﬁﬁ vater B9bdhaxi s, or

any angl e yyBres BimdRse ﬂbsm aWsHeQHeRA by%ﬁlﬂﬂhr@khé amoanmmabie 108 @RS,
different fromthose explicitly disclosed herein gﬁ)r ovi de the sane

function aMRILRLY- W@@F%%@WWFGW%G%U@%P@%? AR remREhunber of

nozzles  through a controlling device 109, e.g. a valve, to affect the internal liquid leve! 104. Thus,

by adjusting the relative amount of liquid vs. gas inside the boom, the buoyancy of the
boom may be controlled so that it floats at a desired depth. The conduit 10 for supplying

25  oxygen-containing gas is attached to a similarly constructed floatation device 106 where
a control means 110, e.g. a valve, manipulates the internal liquid level 108 to affect the
position of the nozzle 8 relative to the top surface of the oil-containing layer 5. The
internal fiquid 103 in the boom 4 and the liquid 107 in the floatation device 106 may be
water, sea water, or some readily available liquid. As described herein, the oxygen-

30  containing gas conduit is a composite floatation/gas conveying system. Other suitable
systems, different from the system as described herein, may provide the same function.

[0067] Conduit 10 in FIG. 1 is configured with nozzles 8. FIG. 3 illustrates some

examples of nozzles. The nozzles may be simple straight nozzles (FIG. 3a), nozzles with
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10and t he spaci ng between the nozzl es depend on the dianeter of the oi

| ayer, the avail able pressure of the oxygen-containing gas, the practical
limt of SYAPPAEAYISSize. An exanple is presented bel ow ti§ TV$AEYBATE t he
consi derations of sizing such equi pnent. [0068] Towi ng vessels 1 and 2 have
an air conpressor on board to supply the oxygen-containing gas to the
conduit 10. The air conpressor may be a gasoline-powered air 15conpressor.
The conpre@%ﬁﬁﬁﬁﬁvt%%QQ@ﬂéWé@Gbegﬁ?d®6W@ﬁk§dwHU%mbﬁmﬁﬁéﬁﬁﬁ@ﬁmde|ther as

part of thehnRls) ?lﬁl@ 89). Qﬁe@omamh@y BOYGfigBRAAR: zhgeﬁmée{ﬂérrﬁﬁ%g shoul d
be sized to acconmod he air requirements iven Oi ool di aneter

to reduce %’98%@1’"%*}73 féﬁzzleﬁ@%’rﬁﬁé@ﬂﬁﬁuw “OFéWS ﬁ@y\f@%éi@gﬁi %9%1”98 wgral so

have a SU'ﬂwé%kf‘gé\téUnﬁﬂﬁ @cﬁn%: Q(Fted FHMI‘I}/rohﬁ\lar@rcﬁ‘@?ey@%é{;gﬁ‘é%eaé"@nﬁéﬁtfapge“ The
storage neans nay be a dewa or exa The industrial grade oxygen

and ni tr ogw;:wayntae indyiop .aqwrang @@ttﬂr@rﬂ@cﬁﬁﬁwwsm ayeany engleibgiwesnor  any

kind is t%@?et‘é%i@%nd'tﬁebﬁe HRE erk ROthet ?e@c&ﬂé:&@a@'g%s\‘@a@%e‘ sﬁf%&fe@@at gystemis
al so i ncl uded. addition, a suitable ow control” system nust be

i nstal |l ed qetsrwﬁaéfée RIRRI2KP I @MY I@@Q*@IW opfesg Jinsr Bsdaices Piharsdiiate i al

oxygen, antyz8 de@@H§tdﬁ‘f@éntrﬂoH ﬁg%ex;{ii@@?%]scﬁ%é@ﬁé\@ﬁi MRl YrowSPERERE ai r
separation unit such as a vacuum swi ng adsorption 25 systemor a membrane

uni t may bENEI®BENEMRYhesalered WiRra6 P ttetﬁ@afmﬁptaﬂ% Thﬁd\%ﬂ?[bref gf naggiggen and

nitrogen. £aishe @9&.@0@&%@{ %e%ﬁﬁe@&leﬁéﬁ% HORS 'd%{eﬁér'cﬁ'ﬂﬁa @naﬁ,ﬂcm@ ng whi ch
approach is best suited. [0070] Additional conduits and supply lines may be

used to suPBIgP'R BivsEERIohIhe WQ@%ﬁ@ga'e@a@aﬁsthﬁ@re@ag%mg oﬁaamip@ﬁat B dén for
igniting tdhanmpld is pRssehlddustidvwpioatlistritethScorkider it Qllzf?lfg%'ubl@%qﬁlhﬁgﬁts may be

particularly useful for conmbusting oil enul sions.

conbust i bl{go&ES ToWAINRsbE 1S3HI ARR drLaiPbd®redoroR b@Q:’&ﬂH Ishﬁpn%eam%a# .aced
proxi mate the qil-containing |ayers. The pilot flanme conduits may have one

or nore ndPHIAEENG gas oy j d@lﬁ'%%?'TWW?@%%/W@gaﬁ’ﬁﬁﬁ’é‘Wﬁ@drﬂ‘ﬂ ot

flamessg Ea@mgaésstohemp@czﬁ@ésémmdy%%@v@mwammmrsou%%nnﬁ»@béétoatr@-i the
pilot flane condwts may be controlled by the two |ines [0071] FIG 5is

sinilar t@sHad of thexbrptienging Of aE8RATAIR RAVEE BAUES v@%‘é’ﬂﬁ%‘??ﬁ?r% Py SIZQ®

condui ts 9 ab@imsueRk Hegr ﬁega.r@ﬁyﬂg of 5@%%@ ba& oﬁ@ﬁeteuok@dmc%ftﬁé @B&ﬁtynunber S
refer tollke 5elenents in FIG is simlar to

FIG 1 and Hlagmekeqiumes Tqpdng &Q%@'Sﬁe@”da%ﬁ‘@bié’}sodlat"@lar%!ﬁ?t?)@S@é%ﬂ?e’f‘?@”ssfﬁbvw ng

condui t 10nd®frsa$§a%@bﬁxy§bntm rﬁ%@%nﬂ@@%?dg‘é'rﬁ&rﬁ&ﬁay bé Kﬁeﬁvﬁif %r%t‘a‘#z punbers
refer to like elenents in FIG FIG 5, and FIG 6. In 6, athlrd

t owi nglvesidEindustripd gde YR qwe’"ksfemuwv hein lipgdderrmspr qfﬁ@prﬁrﬁewoqfsﬁ@mhot

limted tofitdaR drRinly REAUE RS usddOWid diRrstBROMkLt LEuikdRAIpbrigARhIsYsERLE ONS
shown herein. Those skilled in the art can readily determ ne suitable

devi ce corf§0Fudedb isaddiianapsaitaip e cPRIGh §yaiem redit badistRigd to manage and

blend the flows of compressed air, industrial oxygen, and/or industrial nitrogen.

[0069] Alternatively, a compact air separation unit such as a vacuum swing adsorption

25 system or a membrane unit may be used onboard the tow boat to supply the industrial
oxygen and nitrogen. Cost and space are some of the considerations in deciding which
approach is best suited.

[0070] Additional conduits and supply lines may be used to supply combustible

mixtures comprising gaseous fuel and oxygen for igniting the oil, as illustrated in FIG. 4.
30 Multiple pilot flames may be particularly useful for combusting oit emulsions. In FIG, 4,

the combustible gas mixture is supplied to pilot flame conduits 11 and placed proximate

the oil-containing layer 5. The pilot flame conduits may have one or more nozzles for
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[ 0074] Exanpl es [0075] Laboratory scal e experinents were conduct ed.
Experinents were conducted 15using a 10 cm di aneter contai ner and

cm
di amet er SYhIHPAEISS The 10 cm di aneter contai ner provi dé§ I‘&?S@W@a-ﬁéﬁt fI ane
wi th convective heat transfer feedback. The 20 cm di aneter contai ner

provides a turbulent flanme which is in the transition region for radi ant
heat transfer feedback, as in a large pool fire. Nunber if‘f uel was used

as the fl AFadsINg Ripkiarees. EoFne7be ”%%'EF? *Pﬁ)éhﬁ\f? & AR BHNEE eaﬁ%l“?fh%”% cm

di amet er cmpt BrReEorRILRs Ry 6Bchatrdiicd AR BEOMIoTMESNY. 17.5 cm of the contai ner
was filled wth water, and up to 2.5 cmof No. 2 fuel oil was floated on

top of thegowefjer Fi\s @gmﬁlamo Al6] eehd Mstratbeamaierphibea@doneay shdswmgmber of
the contai ner. The tube was cag ped at th

e end. SIXOI’IfICG}S? F? illed on
the side dPNEHls tfBESYRRING e oRegsGonIal)RE g2 kKGR B SPTReTsApiey fO fike
hor i zomt aldidmaas essct hengiFlg2hsurface, and one orifice was drilled through
the center of the cap to inject oxidant substantially upward as illustrated

in FIG 3qooi0#E. Eersidines Frtenrt@wo\/vrltzhwna lI@Etrﬁéyg@tm:ﬁﬂféreh@rdaWer
injection and the 10 cmdlatg ter co&talg t he Of%l dant in ectg on tube ID
was 12. 6 dFPTEHY SeeyiRgsOndiil IOHBE Ky GO R e Slfe LPiRrec8
openi ngs ommttia:as @dieo m{wbi@nn@nté IBFIBMOPERISNGn@AIG @ herFItop, a Boid texipgr i ment s

W th |ndustr| oxy n and th&{#{? di anet er container, the oxidant injection
IszasG?’eF‘r?ﬁ‘st‘l'?@ %QQOB Oandtheinjectiontube had six 2.4 mm

2012/ 0511880434 OBs 1o RS ARSI B £ B PRSPl e oBgui

oxygen- enrdoifi@iating showe abicon Taosh éH‘l@dZ;ﬁ)tmrdmametaary dantriiaglitablehe oxi dant
injection tupe |ID was 31. and the injection tube
had si x 9(}? %CBE}C@(H’FHQESSwtm‘c%?‘ﬂg’%w?ﬁ%mgﬁ‘? nm openi ng on the top. For
experi ment %/gt %rfl strl al oxygen and the 20 cm di aneter container, the 5
oxi dant r{ﬁ% ]| e\ﬁ/as 12.6 nm the OD was 15.9 nm and the i nj ecti on

t ube had s on. t side a on n the to
e os danbSral SePPaRRE Betd Snirhotetfs RuE ColPicl Fadedntlih BRFDLARLBRL 0 ¢ OP
i ncredsed usingw TReidizemeat ontdi0 29{ aTabire dibnshaveentatsul Tise ‘f{)rmmdamsaﬂénset of
tests where the effect entra i,n_the en-£0 inin as
ot e aesanter B e et e RE S0t e Fab e BEVER kLGS She
tests in Maerlcmm’mrqmlﬁhwsteemmmmhemémmn |elnnaitmettran31t:ef$tegamp‘araﬂmt but
simlar ose vatlo re madefor er nlwththe%gcmdiarreter
appar at us. r{séegt %F*&%’hé&f&’%&o éﬁi”ﬂ rrl é)' (Walsquijﬁ’& ¥ propane

pi | ot fIamEnWerIIeehqnm.oxygen cont ai ni ng gas was being injected. Once a

self-sustaining oil flame was achieved, the propane pilot was renoved and
oxygegoconfoiahi mptigthe 1@asn container and the 20 cm diameter container are 20 cm tall.

Approximately 17.5 cm of the container was filled with water, and up to 2.5 cm of No. 2
fuel oil was floated on top of the water. An oxidant injection tube was placed near the
center of the container. The tube was capped at the end. Six orifices were drilled on the
side of the tube near the cap to inject oxidant substantially horizontally across the oil

25  surface, and one orifice was drilled through the center of the cap to inject oxidant
substantially upward as Hustrated in FIG. 3c.

[0077] For experiments with air or oxygen-enriched air injection and the 10 cm
diameter container, the oxidant injection tube 1D was 12.6 mm, the OD was 15.9 mm,
and the injection tube had six 4.8 mm openings on the side and one 4.8 mm opening on
30  the top. For experiments with industrial oxygen and the 10 diameter container, the
oxidant injection ID was 6.2 mm, the OD was 9.5 mm and the injection tube had six 2.4

mm openings on the side and one 2.4 mm opening on the top.
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15i ntroduced (if applicable). [0080] The oil pool fire was allowed to burn
until it naturally extinguished. The tinme to flame extinction was recorded
and the eXY@m26#18he oi | residue was noted. The time t ST EREIEEBActi on
and the amount of oil charged were used to calculate the relative burn
rate. 20[ 0081] When no oxygen-contai ning gas was injected, there was

vi si bl e black snoke. After the fire self-extinguished, a continuous |ayer

of oil redPB(R Vs evpimands With finer wevoer-eslised @ NPl GngiBe €BEMai r was

inj ected, dign¥teBtOitAneDkOXRS! IRRSRINVERH: IRAEs DB B theeSh (iag Masmmehy
t hi nner, aﬁp_romeateI y half of the previous case. Finally, if a 50;50 N2/
02 mx ( byt %W—fé’?“ e riaﬁjsé‘(ﬁ-_émm RBErEREBRR e Sidgi %ﬁdmn@,%ﬁw g abingt ed

spots ("i ab@.rmﬁ'é)&;e?rWntQ&vith wassthigfdxygdt &1d hbeoldhadBmerntobiefhd ts own.
[ 0082] Table 1. | residue from Rgg} fire tests usi n%] different oxidants.

Test N, 19¥d80t BipctgrsiDawak &2 Ramtine OTBYpsi Brd M AN Tigdicg debehagh piy
Obser vat i o8 #in 8FerigsNanBe Aide 228/0R8 4ANMnDpaRing ofeBe top. The oxidant injection

tube and orifices were sized to accommodate the increased flow requirements.

[0079] Table 1 shows results from a subset of tests where the effect of oxygen
congenfration in the oxygen-containing gas on the amount of oil residue and relative

10 burning rate was evaluated. The tests in Table 1 were conducted in the 10 cm diameter
test apparatus, but similar observations were made for smoke generation with the 20 cm
diameter apparatus. The tests were conducted by igniting the oil using a propane pilot
flame while no oxygen-containing gas was being injected. Once a self-sustaining oil
flame was achieved, the propane pilot was removed and oxygen-containing gas was

15 introduced (if applicable).

[0080] The oil pool fire was allowed to burn until it naturally extinguished. The time to
flame extinction was recorded and the extent of the oil residue was noted. The time to
flame extinction and the amount of oil charged were used to calcuiate the relative burn

rate.

20 [0081] When no oxygen-containing gas was injected, there was visible black smoke.
After the fire self-extinguished, a continuous layer of oil residue was visible on the water
surface. If compressed air was injected, no visible smoke was observed, and the oil
residue was much thinner, approximately half of the previous case. Finally, if a 50:50 N,/
0O, mix {by moles) was injected, no smoke was visible, and only isolated spots (“islands”)

25  of oil was left after the flame went out on its own.

[0082] Table 1. Oil residue from pool fire tests using different oxidants.

Test Relative Burning Oil Residue Visual
No. Injected Gas Smoke Rate Observation

85 None Yes 1.0 Thick continuous layer
90 Air No 1.5 Thin continuous layer
91 50/50 Na/ Oz mix No 3.0 “Islands” of oil
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No No 1.0 1.5 3.0 Thick continuous |ayer Thin continuous |ayer "Islands" of
oi | - 13 WO 2012/ 021183perm S2011/ 033783 [ 0083] The experi nments showed
that a sub¥Pame{al’8hmount of smoke is formed when the pd&iT/¥PEA33T8| | oned
to burn with only natural entrainment of air. [0084] The experinents showed
that introducing air, even if |less than the 5stoichionetric anount, can
essentially elimnate the snoke plune. Introducing air also increased the
burning rate. [0085] The experinents showed that introducing

oxygen- enrlched air (50 nol e % oxygen) can burn the oil wth no visible
snoke. Thel0Pg3 U@ﬂem@@meﬂ@fshow?@ {2 e tip! aasurpdamokalsiiodred Weeranount

of resi duaghefpdg! firviRaiioBe (bl WaE AW RecaMitiireidnt 8f ird ai r 10al one.

[0084] The experiments showed that introducing air, gven if less than the

stoichiometric amount, can essentially eliminate the smoke plume. Introducing air also

&)

increased the burning rate.

[0085] The experiments showed that introducing oxygen-enriched air (50 mole %
oxygen) can burn the oil with no visible smoke. The residual fuel left after the burn was
about haif of the amount of residual fuel when the oil was burned with entrained air

10  alone.

[0086] The experiments showed that when the amount of oxygen supplied through the
oxidant injection tube is less than the stoichiometric requirement, the opacity is
significantly reduced compared to no oxidant injection. For oxidant air (21 mole %
oxygen) supplied at 50% of the stoichiometric requirement, some gray smoke was

15  observed. For oxygen-enriched oxidant (28 mole % oxygen) supplied at about 60% of

the stoichiometric requirement, no visible smoke was observed.

[0087] The experiments showed that infroducing essentially pure oxygen causes an
extremely fast combustion rate with a very intense flame. Some visible black smoke was
formed when a substoichiometric amount of oxygen was added, which may be due o the
20  high temperature intense flame vaporizing too much fuel for the available oxidant. The
opacity of the plume from the essentially pure oxygen experiments was less than
experiments without oxidant injection. It may be possible to eliminate visible smoke using
industrial oxygen as the oxidant with the proper design and arrangement of oxidant

nozzles.

25 [0088] As a safety measure, the ability to inject nitrogen through the nozzle was
provided. The flame was readily extinguished by introducing nitrogen through the nozzle,

The following example illustrates a methodology for sizing equipment. For a given
diameter of oil pool and thickness of the oil layer, the amount of oil can be estimated.
Combining this information with oil properties such as the amount of carbon, hydrogen,
30  oxygen, etc., one of ordinary skill can calculate the amount of oxygen required for
complete combustion of the oil pool. The oxygen requirement is known in combustion

science as the stoichiometric oxygen requirement. Since the oil burning raie can be
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[ 0086] The experinments showed that when the anount of oxygen supplied

t hrough the oxidant injection tube is |less than the stoichionetric

requi rementQ 2¢H&21d¥acity is significantly reduced conmparféd’tBHE3HRF dant
injection. For oxidant air (21 nole % oxygen) supplied at 50% of the
stoichionetric requirenent, sone gray snoke was 15observed. For

oxygen-enri ched oxi dant 8.nol e % gxygen) s i ed at about 60% of the
st oi chi oneftSF'i'”@terdeQiﬁP%ﬁﬁfgﬁz",d’%et% 8l %aé%é’ﬁ%%ﬁgg@’ g”ﬁé%t@(/% Ninp §ES A HSe
exper i nentgtisResethidah aviiahe e ongxy@ss entduddin R Be @XNOSBd GRSIFRIAg 8
extrenmely fast compustion reflte wWth av i ntense flane. Sonme visiple

er
bl ack snOKYHAS A SIS RARFT SOWEHTG ERITBAER AICOMNBRMIPX SR FER M ®added,

whi ch may hienieyleaté maly/het BOBicofsthrMBes @hURE oil Picpagrs iha ot varaswa bfazg:trzoo
much fuel for the avail able oxidant. The opacity of the plume fromthe

essent isal |[g0gB]r ETheXp@RIXirRxe ekydgerNtguinasert @5 S dindalar eXped RUBmiesW t hout

oxi dant injection. |t be possible to eljmnpate. visible snoke using
Chaustri aligiseRGa S B Ry Rl e fBS bR R Y ea R APY B Rhent of
oxi dant nagalestion2bkeiB8kd Asb@ 16A060 MmBaSIMEehe b4tBnabd tdtd Yuining Her!
nitrogen tgﬁou h the nog,zl et_vvas rovided. The flane was readily _

exti ngui sh %@*U#%W’H@H NIGGUIN 2% BYERNTCAPGIYIY 9% nozzl e. The fol | owi ng

le il t.hodol ogy f 1zing. i, t. F i .

i aneter DB W5 40RO GrRle oder kb BRE Roine Shefintonfhos can
be estmrr?tgad.ag@@@@hﬂ%egcbﬂﬂam%gaﬁwmﬁpreﬁe‘mai;htr@l ﬂufrfpiﬁ@g;;abﬁs ﬁs)rfp'edlmcas t he
anount o q on r gen 0X e etc,, ralnary $ | can .

Poul at e THEMEHISSHIOIR BRPBERS T LRI e s B5r2BaRoNT d e onbust i on of the of |
T S comictin, ot (e o
St oi chi omdP0TH QAT MieckloiebiatBHE DXkt st egiy s G Pl elPipe wo
2012/ 021183PEPdba@:1 1t ARB3d Dhighl dxanech moth feaative bf 565, th
Babrauska@a&198§% t te to)ti'.%@[;&$ lrwni r?rfgighj cgﬁjxggme)stoi t d]EDThus, en
oot age - aptrag e st Ak ila b Pl T B doBaPorR R BB PR o ng
r ﬁt ebi1s p@nggeﬁ?ts 38000 wmﬁm@ndmme&&tt?MQjé ir?iﬁettrie\trxl;]wgefptsrremiairmitdv_enmebec auste
t he urnin rat e no a con an an a e.0 e | es nua no
be. known SIEUE G R) BORSYA TRE G0 SR e e ey gBine s T RRTH % T el ar
oo ot FONPE" 558448 o bR ShaRh oS bl el BB B8 B B To%100, 000
N8/ hr, amdrithrecrésikedradigst: dootaint husughogt the nsarriir]g; ;?]eﬁlofd Tio mnilrt:esthmi t hﬁut
injecti -caont.ai ni . 0090], | t t 0i_chi tri
oxvgen | o BUER MGk at P SR n dph St i RhalaR By RS ™ 1 ©
0Xygend comhlyian thdasyinrdngangxtess edd af the btime tohelp esigblishresdlssustemit@fi@de t 0

and to reduce the amount of residual oil, respectively. During the rest of the burn period,

compressed air can be used as the oxygen-containing gas.

[0093] Literature suggested that controlled burn can be carried out for waves up to 1 m
high. That means the nozzle velocity head must be at least that much to avoid water

25  backing into the gas piping. Accounting for piping loss and design margin, 1.5 meters of
water is used as a compressor pressure head. With a maximum air flow rate of 248,000

Nm®/hr, the compressor power requirement is 1.0 MW or 1350 hp.

[0094}] The number of nozzles affects mixing of oxygen containing-gas with oil vapor.
More nozzles promote mixing but also complicate the design and increase cost. A

30  practical balance may require each nozzle to cover a circular area of approximately 3 m
in diameter. For the 20 meter diameter oil pool, approximately 45 nozzles are needed.

We claim:
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11.6 mnutes and the conpressed air flowrate is 248,000 N8B/ hr. [0091] If
hal f of the stoichionetric oxygen is supplied by injecting an
oxygen-cont ai ni ng gas as above but the oxygen-contai ni ng gas has an oxygen
nole fraction of 50% the burning tine is shortened to 5.8 m nutes. The
flowrate of the substantially pure industrial 150xygen is 38,000 NnB/hr
and 5.2 netric tonnes of industrial oxygen is required over the burning
period. The total flow rate of the oxygegmﬁyntaining gas is 104,000 NnB/hr.
[ 0092] The rate of oxygen-containing gas 1 njection and/or the |evel of
oxygen enrichnment need not be constant throughout the burning period. To
reduce the consunption of industrial grade oxygen, for exanple, oxygen

enri chnment nhy b tisthgd i cembystiag ofl flemmigirmentaingiaveifloatie @viveter thehe bur n,
to hel p est albthsdcenSRidg; sustaining flane and to reduce the amount of
residual oil, respectively. During the rest of the burn period, conpressed
air can ke usedagtmgtdheoxgiroeonang ghsihr@igd asleadt@PB3bnduiitt er at ure suggest ed
that controlled burn can be carried out for waves up to 1 m high. That
means the nozzingodslicthé yxheadontamingamisdion] thast lehdtahe ronduittpposdviaiedhanvat er 25

backi into th I piNg. . A ti f i pi I d desi in,
15 meters of vatBrorenisdw s AREhEIY pr ossure head. Wth a maxi mum

ir fl t " 2 ' Heis 1.0 MV
o 1350 hp. 0B SR DB oy DT Rdhe BRAGH-ch BN HRE M e

cont ai ni ng- gas wipréseoce oledffeome, More nozzl es pronote m xi ng but al so
conplicate the design and increase cost. A 30practical balance may require
each noZif e t owberesrtheopigeaebatpingiodss if inkpiicest With ge oyyaenmglar flewaaet er . For

the 20 neter di aréﬁiﬁef%m%'deaggée m@%gga&!owsﬁ{o?ee f}@niéQ?oH 88 BhBudirgdfcand/e

claim CLAIMS 1. A nethod for conbusting oi roman oil-contarning |ayer
floating on wayRéreintth€o bh@%&amidn%f%O@E@ﬁ&mma@g@mqe@pmw ning gas
e
8

t hrough at |east one conduit; introducing t oxygen-cont aj ni ng gas from
the at |east one Q&ﬂﬁﬁdhqn%@'@sehen‘%%vqeﬁévf@&ai ﬁftaal%/ e %@@L-C%‘wg%a?sx fﬁ’@]e'bn

wat er; and conmbusd prager®lab ah eftisidhehaVing=O@dtbedontadratioy oF 28 éiGhttob evater to
oxygen-cQnt ai ni n as.ip the presence of a flame, 1lOwherein the
oxygen- dant ai ni ngogfﬁéghté’WﬂtF?'oduced with an oxygen molar flow rate

2. The method of claim 1 wherein the opacity is decreased below a desired opacity.

3. The method of claim 1 wherein the step of introducing the oxygen-containing gas
20  from the conduit comprises introducing the oxygen-containing gas into a flame region

above the oil-containing layer.

4, The method of claim 3 wherein the oxygen-containing gas is introduced from the
at least one conduit from between 0 and 1 meters above the upper surface of the oil-

25  containing layer.

s, The method of claim 1 wherein the oxygen-containing gas is introduced from the
at least one conduit from between 0 and 1 meters below the lower surface of the oil-

containing layer.
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sufficient to decrease the opacity of a snoke plume fromthe conbusting
oil; and wherein the oxygen concentration of the oxygen-containing gas in
the conduit is greater than 25 nole % oxygen when at |east a portion of the
oil-containing layer is present as an emnul sion having a water concentration
of 25 weight % water to 1540 wei ght % water. 2. The nethod of claim1
wherein the opacity is decreased bel ow a desired opacity. 3. The nethod of
claiml1l wherein the step of introducing the oxygen-containing gas 20from
the conduit conprises introducing the oxygen-containing gas into a flane

region abovegthe il GR01 &) MG WANYER the oxyden-dditaiflig pQgis%tro‘Bh@édWrﬁnm&ere' n
t he oxygen-containing gas is MntYoduced TYom the at®Feast one conduit: from
bet ween 0 anzl Idastrerecandubimtethe oé-coappeingdapmef.ace of t he oil - 25cont ai ni ng
| ayer. 5. The nmethod of claim 1l wherein the oxygen-containing gas is
introduced fromthe at |east one conduit frombetween 0 and 1 neters bel ow

the I ower_ surface of the oil-containing |ayer. 6.The rrgﬁ‘hod of claiml
wher ei n the bxygethednethed of Gaimdaxhgrainithii OYEeR eYCERRIP AEINGOYEESt one

condui t i nt ocdnifBnifd bastin Meddh(igislaByar21 rhdle Thexygeh hadn afe dlta@htairingagses n t he
oxygen concentration, of the oxygen- containing gas in the conduit 1s about
21" nol e % ox§§&E" RARA MALES | - containing | ayer is greater than 3 nmm thick
8. The method of claim 1l wherein the oxygen concentration of the oxygen-
10containing gas in the conduit is greater than 25 nole % oxygen when at

| east a portjon t he ot l-contai.ning.l aver i hick. 9. The
net hod of cl %i m cll't'}eJP?%ﬂ%dr Ofccga(r)lrnﬂr1i Vg? ﬁ%'fg ttjéeo%@?%'ll‘ ??Aﬁgﬁ‘t%??é’n?’gtthé O%@%?onbusti ng
oi | by VHryicugtaitiay gasigére sontiait isfdrententaane2s Giotet % odyaseavhep & lsast a portion

oxygen- cont 3l gy davaimh@isyRL fest BRnY hintRigk 2 ni ng | ayer.

9. The method of claim 1 further comprising:

controlling the rate of combusting oil by varying the oxygen molar flow rate
15 introduced by the oxygen-containing gas proximate the oil-containing layer.

10.  The method of claim 9 wherein the step of controlling the rate of combusting oil
comprises decreasing the oxygen molar flow rate in order to decrease the rate of

combusting oil.
20

1. The method of claim 9 wherein the step of controlling the rate of combusting oil
comprises increasing the oxygen molar flow rate in order to increase the rate of

combusting oil.

25 12, The method of claim 1 further comprising:

passing a combustible mixture comprising a gaseous fuel and oxygen through a

second conduit:

introducing the combustible mixture from the second conduit proximate the oil-

containing layer floating on water; and
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10. The method of claim9 wherein the step of controlling the rate of
conbusting oil conprises decreasing the oxygen nolar flowrate in order to
decrease the rate of conbusting oil. 20 11. The nmethod of claim9 wherein
the step of controlling the rate of conmbusting oil conprises increasing the
oxygen nmolar flowrate in order to increase the rate of conbusting oil.
2512. The method of claim 1l further conprising: passing a conbustible

It oduci ng. t hEMEOHESEABE I SOUFE 4 P G e BUBH A ONAT Ry SRR ¢ ne

oi | - cont ai ni ng | ayéve dilfoat ihegileontamtingiayeand i gniting the conbusti bl e
mxture with an ignition source thereby initiating conbustion of the oil
fromthe oil-containing layer. 13. The nethod of claim1 further

conprising: 5passing one or nore conbustible m xtures conprising gaseous
fuel and oxytfen tThedsurjhod efelabn Tfeither gpinpasifd:anme conduits; introducing the
conbustible mxture fromthe two or nmore pilot flanme condujts proximte the
0i | - cont & ni ngPRSHNErONE| a5 Aare gorapisible arixtures gomprising gagegs feland fygen

conbusti bl e m Xt ypgudh fd Fdr8PidtinaMeTOHAEE; t hereby initiating combustion
10of the oil fromthe oil-containing |layer. 14. The method of claiml

further conpri gitB8uciMphs cBRbaibRMgER: frédfhed@® dr Mopeigitot fidvee abnduitast one

condui t and/or anot her conduyit; .and 15introducing the oxygen-lean gas from
the conduit or tti’éo’ﬁ'fqﬂt@ﬁh%‘c'}'ﬁﬁ‘lﬂt?‘n'ﬁgl‘?% WE’F@“Q ﬂréwagf'-acpgnt ai ning | ayer thereby

quenching conb %Jg%ttjng %eoéo:ﬁbrﬁ%tit% lmi:ItlSrg r\.T'\}ith rzli% Eé) r'nitko'ncs%mc%'tﬁér@l%/ ilnﬁ’iXﬁ*fg combustion

10 of the oil from the oil-containing layer.

14. The method of claim 1 further comprising:

passing an oxygen-lean gas through the at least one conduit and/or another conduit;

and

i5 introducing the oxygen-lean gas from the conduit or the other conduit proximate the
oil-containing layer thereby quenching combustion of the oil from the oil-

containing layer.
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