WO 2012/ 021183PCT/ US2011/ 033783 TI TLE: Conbustion of G| Floating on Water
BACKGROUND [ 0001] The BP oil spill in the GQulf of Mexico resulted in | arge
areas of woude/niis3fl oating on the ocean surface. Sone etCTiUses/337€AS 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 skinmmng is one method to control oil pollution, the U S. Coast
Guard 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 sinple |ogistics. 10[0003] The U.S. Coast
Quard issued an operations manual forTiThEsitu burning of oil from oil
spills as U S. Coast Guard Research and Devel opnent Center Report No.

CG D-06-03, G| Spill Respo@swbastiosehd FlaatingionWadar n Qper ati ons Manual ,

Fi nal Report, March 2003 (hereinafter, Coast Guard Manual). The Coast Cuard
Manual may be referred to for conventional in-situ burni ng of oil pools
floating on water. 15[0004] The prRAPEEROUNRIrning oil in the ocean surface

is that favorable conmbustion conditions are rarely achievable, particularly
t owar ds t H904knt ke BEroilspél “f‘f[freeG\Alﬁ@er%%%/@?éH”%{i/'a||ﬂ"%iarqatswfF%Jdploﬂhﬂpéﬂi‘gdue to

| ack of abﬁ b dedh BUBMe. SOMetf RSk dreastarblcRiK t§8%e§’|o|°'ﬁ§tuifar ARBitdREof N-situ
burn can rise hundreds or even thousands of neters. The Coast Guard Manual

descri bed2aids §lechanisd 48coy Rk eneiRpIicalrentshietemediatieprakdasitu BUiing s use

I's nots 20gRPIRYRMAL feendR widdlpeefided rﬂérfrfe' &Ilﬁpﬁlb/re%orf%@@édﬂn@@ iegnd potenti al
toxicity. Wile the black sm)ﬁe may have | ess environment a? i npact than the

oi | sli Ck;odob wrhbllé}?élg&ﬂé §|’<uh1¥mfﬁg Rdshelri@h&d REdont B ALLHIE 11U &C Doagabl e.

[ 0005] A turt probllemof the in-situ burn is that a substantial anount
of oil |SG§?WF33I®I9(‘ CORBNATAG in-gifu Ry ng Aidhe Spdaceik PaReiilngus shB€, that is,

after a nmhiNdmyek!858:iH88 With DR ROIbgZR ARMIGHGICIERRNEI rafes! RERNEN 1%
reported in the Coast Guard Manual. [0006] A nethod to burn the oil cleanly

with subs?%t?%?'@?p'leé%%s"écﬁbke and/or to reduce the residual oil after fire
extinction is desired WD 2012/ 021183PCT/ US2011/ 033783 [ 0007] Anot her
pr obl En wid093b; ITh$ Po%ttqcﬁ’@t GHaReRed a0 apReatiops manHalion-shl SuEm%CRilt er - i noi |

emul si on G sWIIL"asflﬁQUG@asIt ERiavd RESUErEH arPDEVEdmhdny deﬁferRép@r*tNé gasni ng.
The presence of a cr mount of water in the oil prevents the slick in

contact wPrP-PH&ll %ﬁi'i' BP%‘PP@S@‘C@QO"W BhP LB R Qrpretane '\é%”urabﬁdﬂaﬂ BEP?T™H t he
Coast CGuardiernml (hereinafter, Coast Guard Manual). The Coast Guard Manual may be

referred to for conventional in-situ burning of oil pools floating on water.

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 objectionable.

[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 oil after fire extinction is desired.

-1-



5[ 0008] A nethod to increase the w ndow of opportunity for in-situ burning
by providing conditions for burning enulsified oils is desired. BRIEF
SUVMVARY woO 20{20Q03B The present invention relates to a wetrhsdoifios3783
conbusting oil froman oil-10containing |layer floating on water. [0010]
There are several aspects of the nethod as outlined below. [0011] Aspect
#1. A nethod for conbusting oil froman oil-containing |layer floating on
wat er, t hfo00%] hadothenpoblenngith pibfksiting oavater)ig the-fommdtian nif agtapiswhter-owgh at

| east one conduit; 15introduci the o en-contai.nin as fromthe at

| east oneoLanaier PR BB o KRR il o f8el F on e er
and conbuptesageeodfla dritioan anfint b watenindhd bihgrelveryte thenslick irt duntamt Witk thecont ai ni ng
gas in the \%Iresence of a.f wher ein ing gas is

| . - i
i nt roducetf" Of‘ﬁoﬁrr‘feg)?%ceaﬁd}@qnﬁfle | "BRY e&t'é%@@#%@gﬁ@%%&ﬂdecr ease the

opacity o ke .pl fromithe .conmbusting aoil. [001 Aspect #2. The
ot hod? of 0gB8EC R et BFinc R0, be SRR oo fudhetnn b S ol e B el Ping

opaci ty. condittDi3dr Asmpeg emiiBifiedloéls meddsded.of aspect #1 or aspect #2 wherein
the step of introducing the oxygen-containing gas fromthe conduit
conprises injecting the oxygen-25containing gas through a plurality of
nozzl es. [0014] Aspect #4. The nethod of any one of aspects #1 to #3
wherein the step of introducing tBRIEXSGEMARINt ai ni ng gas fromthe conduit
conprises introducing the oxygen-containing gas into a flane regi on above
t he oi | - cfH008] niTheg ptesgetrinvention tddtedépa oteths. foTtmmbsting dil fbmampslet #4

Wnerei(? tggnt&ﬁpég\?\%-eeﬁﬂgétgﬁgjn%tglas is introduced fromthe at | east one

conduit from 1 neters above the upper surface of the

oi | -cont amgpgi Eﬁ%(r%ra.re SeVe[r %@%ﬁ?ﬁ%%ﬁ%d @8“@%‘{%30@ any one of aspects

#1 to #3 e oxygen Ining gas 1S oduced fromthe at |east

dui . hel ] : t
o1 | - cont a[ 1AL CFAIEAWTECA Fucthd or EBRBLSHGR M} A BREnPH DA Bofhg i, & 4
to #3 wheweten theeathgdgeampsisimgai ni ng gas is i ntroduced fromthe at |east one

conduit into the oil-containing |ayer.
passing an oxygen-containing gas through at least one conduit;

15 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,

wherein the oxygen-containing gas is introduced with an oxygen molar flow rate

20 sufficient to decrease the opacity of a smoke plume from the combusting oil.

[0012] Aspect#2. The method of aspect #1 wherein the opacity is decreased below

a desired opacity.

[0013] 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-

25  containing gas through a plurality of nozzles.

[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.



[ 0018] Aspect #8. The nethod of any one of aspects #1 to #7 further
conprising: 10collecting the oil-containing |ayer with a boomprior to
conmbust i /yotzhe/niis3from t he oil containing | ayer. [0019pcAdaseat/05&83 The

met hod of any one of aspects #1 to #8 wherein the oxygen concentration of

t he 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

enmul si on [0AM&Yi Agpect wat el he oretrenit of aspeat #of wéreinethg bkyddnvamh&initggddiswei ght %

wat er. [0020], Aspect . #1Q. The neth of any ong of .aspects #1.to #9 wherein
e oxygeltarER e e pnbtarp it Bivafnf a8 J3RER Fele vt <
about 21 swifasel%f theygeconidiging tdyer.oi | - containing | ayer is greater than 3 nm
t hi ck. [ 0021] Aspect #11. The nethod of any one of aspects #1 to #10
wher ei n t [0916kydepec? @60onThatrrettiddot aof ohbef aspegnticto M3avhmreig thgasxyigant he

conduit is greater tha 5 le %0 en when ,the oi,l-containi l.aver is
oosthanSathiRpERs s @S5t b X IS ol @l FroB eaniel G afl Thed¥or 1 S
#1 to #8 wdlewdhelowee sarfaogea theosiceotaiaihg tayeof t he oxygen-containing gas in

the conduit is greater than 25 nole % oxygen when at |east portion of the
oi | - cont a[0®1@y Rayent #7s Jheatethodidiany 8nenof ddyiects #intd #35tHeeeiatheuotygen- oxygen

ol T 88&%@@%@@9%?@?9%%5 é@?ﬁ@%ia@ie%gin@*%%o@id@? %?%%%&i'éc%ﬂﬁii@é%% rther
conpri st n&;oggfn%é&%crt %tgg tl'ﬁgg{;?ﬂicﬁjeoq aggéﬁggfsgér%%gts%1 to ggg%éf'cg%ﬁhgﬁg:oxygen

nolar flo ein uce 0 en-contai ni ng f OXI e”t he

The ot0p. o “aBR T FbioieoflRE e PRAEfn £ 0dm P OEbRHaRle AEBE Aol %\ N

oxygen nol ar fl ovontainimgilayeor der to decrease the rate of conbusting oil.
[ 0025] Aspect #15. The nethod of aspect #13 wherein the step of controlling
the rate BWA9tohbpeat #hg ohe methmerdfsey oneof aspsicisgt 1t thé8oxtegein theobavgen | ow r at e

i n order E&néeﬂﬁ%@i&g@%‘%@%o%in@%ﬁﬁitrfégco‘?midhit il 1028} aRR8GHhoE 36 The

met hod of aspec r conpri
oxygen when at least a portion of the oil-containing layer is present as an emulsion

15  having a water concentration of 25 weight % water to 40 weight % water.

[0020] Aspect #10. The method of any one of aspects #1 to #9 wherein the oxygen
concentration of the oxygen-containing gas in the conduit is about 21 mole % oxygen

when the oil-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 to #8 wherein the oxygen

concentration of the oxygen-containing gas in the conduit is greater than 25 mole %

oxygen when at least portion of the oil-containing layer 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.
[0023] 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.



passi ng a conbusti ble m xture of a gaseous fuel and oxygen through a second
conduit; 10introducing the m xture fromthe second conduit proxinate the
oi | - cont avoi2np/d2anser fl oating on water; and igniting thectasbusnsirse
m xture with an ignition source thereby initiating conbustion of the oil
fromthe oil-containing |ayer. [0027] Aspect #17. The nethod of aspect #1
further conprising: 15passing one or nore conbustible m xtures conpri sing
gaseous f [&!124]anelsm0]ge41 ﬂ' he; omdtmspect o8 whp'rdimthefsit@m@‘ c(mtldlljrhg Hn;e rate
introducing W?Hff E xture fromth et:gvolr n eﬁg({ ?d
condui ts B oXi t'ed ! 80’8??3388.‘?95?%'(‘%8“‘% KYEPT OSAL PG REE e
i gniting theeateosfloosibubting oifi Xt ure with an ignition source thereby initiating
conmbustion 20of the oil fromthe oil-containing |layer. [0028] Aspect #18.
The net ho{:ooas] aApmdt ##3. fhe hMTodaﬁrappécsi#m@whpaﬂrsthegst@mofmoyigelhng thamatgas

ast one caon du t.an anot h i ntroduci ng

thr qu€ y dth X eI Oax rg rq in

t he oX geﬂ %%04 polfipiERa "ol he VR R IOR R I 9 Pr SUDAE t he
250i | - conthei ratengf coapestirighedlr eby quenchi ng conbusti on of the oil fromthe
oil - containing |ayer. BRI EF DESCRI PTI ON OF SEVERAL VI EW5 OF THE DRAW NGS
[ 0029] FI [0026] i Sspect #hendibe metifodt of@speot#n durttess semprigog:l | ng boom and a
configuration of 30conduit for supplying an oxygen-containing gas. WO
2012/ 021183 paskingS? odrb @3iBegBixture of a gaseous fuel and oxygen through a second

conduit;

10 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 oil-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 conduit;

and

introducing the oxygen-lean 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.
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[0030] FIG 2 is a schematic of the oil-containing |ayer relative to the
boom and oxygen-contai ning gas conduit. [0031] FIG 3 shows sone

conf i gur avoanr/i188xygen- cont ai ni ng gas i njection nozzl esT/US201003ZB3 FI G 4
is a schematic showing two tow ng vessels pulling boomand a 5configuration
of conduit for supplying an oxygen-containing gas and neans for
initiating/sustaining oil conbustion. [0033] FIG 5 is a schematic show ng
two t ow n{p03eksEIG s lalschgmbtioof the dil-amrdbinizg layen félglivead ittenbadm asaddui t  f or
suppl yi ng_an _ox -cont ai ni .ng gas. [0034] FIG 6 is a schematic

show ng tmgteE}vﬁ\éﬁg r{fr&%aeﬁ %onSH?I i ng boom and anot her 10t owi ng vessel pulling
t he condu e tal i DETAILLED. DESCRI PT] ON

[ 0035] ThL:&ogtlfl FRae” h\éWS%R g ior] oReeg FonAlnG g7 '”beDF r%ZZT

applied t tur 0 nt i pven n descrlbed in
t he speciBF@grlEﬁganagfﬁc?ggﬁ%guﬁﬁ §§§ 0 %ggs gg&P%%bodo ggﬁot limt the
meani ng toorziigsramghef t@raluilfer supplgivg aswxigen-tomaibing gas ped nfeéacafdry st at ed. The

article " ﬁ n i r or plural nouns or noun phrases denotes a
particul arnl}%t'ré ls ng fnlgg)é{t%ﬁrﬁ]g{j%fo partl cul ar specified features and nmay have

a_si ngul afy ggﬂgma&.sg%ﬂgsﬁaa% (AEPRRIL AR GRS B EPASRILod BgLeD 1 T

used. The I'Ve "any" neans on sone scrl m nat

what ever qudiguratipn oTbandR0 faresupplyiagdhaxygel-ewdainibgigaeen a first entity and a
second entity neans one of (1) the first entity, (2) the second entity, and
(3) t he f [0S8] ehtG.t6yis arsghemeaticgwoniny @t towing VERee!p hullisebdcmt ahéasether porti on”

nmeans,; a r [ ention relates to a
met ho foﬁ)%o(%g ? l| pn@'”&i”i‘e f ?nodﬁ]ﬂg%@gfog@ﬁg (ﬁp%odtgk{@gpbgl oating on water.
Aspects of the nethod may al so be useful for burning 250il on |and. [0037]

As used herein, water includes ocean water, sea water, |ake water, river

wat er, and the |ike. [ 0038] PFIﬁrg\l (Elbq Dgg}éRpﬁeﬂbﬁl ned oil, unrefined crude

oi |, or any hydrocarbon-based e or conbustible mxture in

SUbSta““ﬁidﬁ]'Wﬁé’bﬁucﬁgaé dT*éﬁ"gée erBf e 3 0B AhehGRKRA (AN &

vessel or pipeline
2012/ ozllwhtrmrtmoqdlmeetsmﬁwe[me%]t mVﬁ@tIQn <ﬂe8@6bﬁ0hmﬁhmgoqcsfvévoww cont a| n

subst gnti gy ‘?ﬂlaéjsg'o% "ar"-ghﬁt" "l oeQ RbAINL fAE nll@ebﬁ?{g tH%ysnpq‘Fe AAnFEUhRLON

cont al nl ng OI east a portion of ‘the ol containing |ayer

fl oats onstdhea it @rspeCIﬂcéW@M@q Tﬂ@earﬁm Hoel rEeeasHnsHRIAYRIS iPhialaguns or
oxygen- CORL@{ PhraSeOdshotdy LsHicdsr doRaifidd %ﬁjrégpﬁﬁﬂbtﬁlar 4204 fé%‘fhres and

oxygen- contalnlng gas IS a gas contalnlng exanpl e alr
oxygen- enfiayhede aisngukanar plnmg@mnoéatlogrd&aendm/gmn thajcpnigxisin M'bedylgé'ﬁed

concent r ag 094k 209H) n?é'an'%‘?ﬂn% s@rﬁ’éW%Pmd@&Y&%’téf&‘H Whaev&iduahity. BHe Oxygen
concentration great er  than air
20 term “and/or” placed between a flrst entlty 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 includes 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.



about 85 nole % oxygen. Industrial grade oxygen may contain from85 nole %
to 10essentially 100 nol e % oxygen. The oxygen concentration in the
oxygen- conpanrimngisgas may be varied over tine. [0042] TireT@sy@en3zent ai ni ng
gas may be supplied by an air conpressor on board a boat. Oxygen enri chnent
may be affected by bl ending industrial oxygen froma storage vessel on
board the boat. Industrial grade oxygen nay be supplied froma storage
vessel 15{003Bpaibe biteottaiatng I§D43y ocdntaimslibistantiallyasmly pil. Jée dilwbetaini@s sageway
or the like, through which a fluid be. copveyed. The nduj ¢ . be
Fabr 1 cat elfprBAY BRSN elitisith Satiaf ol Pra Gt R e nefth SR ol ipfGu

w || be elqgesfethts on thegimtérenperature fl anes, the conduit may be fabricated
frommterials such as fire-retardant fabric, metal, or materials used for
t he 20conpro4tt irbe methddheniprises pessirgt amdxylgesiconthDidddas Theuge bhledstfanet her
corrpri$es ir%tur oduci ng the oxygen-containing gas fromthe at |east one
condui p?% rl%‘at e the oil-containing layer, the oil-containing | ayer

fl oating ter. e n- i nin a r t h it

i oot oq [0adcAn oo ANEIGRa BN L P orling fiHch: o AP by BB

i nt r oducednnoher iaimared nHestoallgradtendggen.ridr hasyar oxygbmhomdenireorsoftavaut 2the
oxygen- cont ai ni he.jntr ed into rodirectl I t he
o1 S cont Ny Pilodh PR B R b b S P B i i P T e
regi on abebauttBhenae Pe oxygeai Indugjrid] @yate. oxfgemnuseg chetam from &5 hader®s toegi on i s

the vjsible fl. egl.on e h e. 0] . The
oy getd correar i g QUTROR D% BRGRRT T ol YT RY T e gy abRbirlNEons
30f r om bemagdr variathdver timet. er s above t he upper surface of the oil-containing
| ayer. [0046] The oxygen-containing gas may be introduced fromthe at | east

one condul@042} ofihd exygeercotagminy dJaswete b sheplied bylae diroseerpressof ag boafd & he

il- Qi I . - , . 0 h
oxygen- cortdr eyt ronfeinmifhe M AR Rihanty et addP Aol ReRet L i o
t he oi | - ceersal on beart #yetoat. Infl@dws pradecoxygerhody barstipelieddompa iskeagec@sbelst | ng

oi | from B?'Boé’ﬂ;gjltﬁ&%'étai ning layer with the oxygen-containing gas in the
presence of a flane. Heat fromthe flanme vaporizes at 5l east a portion of

th il f Lon. Wi th. th - QL i T plowill
be. conbus SR ReBpidlis b Bigkr B SR S e, BRSur WhSPL fndl  Tie
as expr esbedonveyed.t Herconduib@iayg befabrigatedrfianeany suitablei malbtial knawn fretheiarter at ur e

for vario IE!g{ngarla eIl - "Est A rge Pool
Fire Bur m%ﬁ]é:fa es, Lﬁﬁlll@é‘%&?ﬁ%ﬂ%@@?@'{@é jé‘tﬂ%; f%ﬁ%@%,doﬁg@/&eﬁ%glrb? 1983.
fabricated from materials such as fire-retardant fabric, metal, or materials used for the

20 construction of the fire-resistant boom.

[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 oil-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.

[0045] 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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10[ 0050] The oxygen-containing gas is introduced with an oxygen nolar flow
rate sufficient to decrease the opacity of a snoke plune fromthe

conmbust i /yoani2027ise opacity may be decreased bel ow a degcras2@pmasi7sy .

[ 0051] The oxygen nolar flowrate is the nolar flow rate of oxygen in the
oxygen-contai ning gas. The oxygen nolar flow rate is the oxygen nole
fraction multiplied by the 15total nolar flow rate of the oxygen-containing
gas. [005[047] debe empgenidontyliacy §as may bbintrodackd fyoroltieeatieabt bye eveduitantoasual
observer. hThe defr ease in opacity may be determ ned by EPA Method 9 -

Vi sual &%qu%rﬁg d?\]yer[ he Opacity of Emissions from Stationary Sour ces
EPA Met ho I SC n EPA 340/ 1-92-.004, . Vi M,ssions Fi

Vnual ﬁw%é st PEAERGa e RO Y hd Pel el T od8% Wil e ¢ he
snoke pI uthe d)aygen-t:dﬁtﬁalomugtgasnn ﬂng poédente ofra flhme oéat floanthaiflamegvapayass dtl oat i ng

b f the b
Cowed By Fas2boray oﬂﬂsa; ?“r%gn%glsfsq" M‘é??étv@eonéco:w%ﬁﬁﬁ%ﬂ . SL.h ?abESm The
oPrt1 11 caldeBE, e 8 PNEonaid of oMot BHRLL UGB BRIl Tpliae Dee
colmlaus:: zgurtnh@ reiel asfemmsfsblermlthecbgméﬁsmr:mgnﬂnamﬁe,,|s abmlabtetlh:utb literptuze fpr i se
ec
co roug fI%mma%?edoq%d} ?)gBagl%ﬁglfar\%" {/ El%tlggﬁﬁad%_anrpﬁg%ﬁﬂlﬂe éur%mgesc“ bed in

fire-resis ['ection o e oil-cont ayer

t he Coast R&ear drilsbieeaholodihd98ops25 1L, tlovamberd, 19830 di scl oses
fire-resistant boom [0054] The Coast Guard Manual discloses that the

f or matQ on[0H50R 'sfhrabk;egevmetairiimg 034 is3umdutad with am ogygshincamiidw rateeduce t he

wi ndow of S ARBGK AL L O AL G B Bumd BT RESERGESAL o, P4 b

amount of tst I'CK I n contac gnition
sour ce fr owydbetdekicaged belew aldesived! ppavtyr cone this problem the oxygen WO
2012/ 021183PCT/ US2011/ 033783 concentrati on of the oxygen-containing gas in
t he condul@05ihy The ogyrgeatreslart frranreBbis g mowm\ygetﬁ ofbeygenhe thei dxygemt ai ni ng

| ayer is iv: 1
oxygen: cont S s2S . T SXUp Tl 100 a1 HREGOET RiRlY i8R nRlyphaf by e
oi | - ctint atatdl mplardipey ratesoffhe oxrgenaontamicggdssi on. The oxygen concentrati on of

t he 5oxygen-contai ni ng gas may be greater than 75 nole % oxygen when the
oi | - cont al09S8h Aalpsreass inperssiyimagbeapadimpbsewad bDryeea cesial obsasyar. Wid |

i npr ove t I i e from
R iR e e ol A s R AR
nmay be deO@ﬁﬂiymdemiﬁ?elmﬁfrOmﬁéﬁi@n@W@JﬂrmnEaﬁll\&thod 9 is discussed in EPA

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

20 dated December 1993. While the smoke plume from the combusting oil from the oil-
containing layer floating on water may be moving at a slow speed due to 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 oil 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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[ 0055] The Coast Guard Manual discloses that an in-situ oil fire

extingui shes naturally 10when the slick burns down to a thickness that

al | ows emwoghideatsst o pass through the slick to the wat ecTius2@ooB378he
surface of the oil belowits flash point. This situation reduces the
concentration of flammuable vapors above the slick to a |level that is bel ow
conbustible limts. The thickness at which an oil fire on water

ext i ngui shesehsaticel cﬁttlm:loXygethaenttay\mg gifs inithe @omduit niatyib@lgrsétbcﬂhan Bb ohaless.

Rul es of r,/hunb ar ﬁteser q ﬁ e Coast i;SGua rd ih?that i ndi cate that
crude o | RPOReANTERITE AloANaiaRe [HRE RHSeng 7S a%efﬂa%* Y9 ext i ngui sh at
about 1 rmmndentnaltmnoofIthe/\oxwgeamonnamnngagassha;ckegmatécmma)molx'%(% rowygen |

ext i ngui sh at about i Sti i n| i al tﬁl i ck

TR LR o Wt 1Bt Py Rt A o8y i SfRlen P e et e
t hi ckn®ssoxfged- dﬂiﬁlalrtlriigagazi ihap be glehtdrinam 6 trioles%&uggmedhemmbuﬂ;ltooamrewn

wi t hout o enr nment. 20 0Q56] The. oxyaen,concentrati n

oo c o AR pRenEas R b oo et Sy REETERL RO sordis ik A, o

bet ween 26m5|smml @hé/@mud;lolﬁjméy omltain $oox3meeighttien 40 height Mo wam a swna@lel ayer
is greater th or. o%aﬁrermval

e 1o oncd By T SeTRn BTG RACbs R EEha e hEPE k@ i’

i ntroduct j f ~an ~0Xx tain as, conpar ur al 25e i nnment
B 1 e e T S R P S T TS
The okQ/gewhemt‘rreemlt:k atinemowh td behlomegemactehmm enaugh gast torpashéroaghdbiet may be

greater than 2 m)l e % ox ort| an ont ai ni ng
Payer 1 PRRSTAREr (BN AERuF o dhe pEBRDW RSB, pER: Tt P& mount

of residutile ccmnbentfﬁhen okﬂzgemablewepm’srabbva)ﬂnedlcktmea Iexeylgleart-m:beibm ning gas in

the Condu'f:(gregiz%flgl q r‘rq{ e?ﬁ e{hlctkh§8ﬁ ngNh Ol/rﬁ%%yvga% L extlﬁ g‘rtles |?ﬁéﬁ%}te orti on

of the oi n|n ess t hi ck
to reducetrtehgapaufcmlrﬁndorh|t|alesi;cldtha:lknensl Ru[e@@ﬁgjum'ﬂwermeémtbdna%e‘ Qodster

conprj.se 0ty I lin t \ [ X nmol ar
f1 ow :I,éat e&?lﬁ{ nual atlg Cﬁﬁa tﬁ)e(lp%rgge ﬁ |t? Iallcl% thlé)@n g}) an%g\?/nl
2012/ 021183P@Wr’sh1929l1d11t033ﬂ186'utjhell wiith -aommtlailsmmglckla?@&srof 5(ﬂmem nall extinpliskv r at e

of o tondt g??‘t‘&@‘?nr? o st‘ﬂXPégfgé\s P L AnfRL Ps‘?.ﬁﬁﬁﬁcwﬁg%’s i Oe}?ﬁéu‘?s‘% Jy varying

t he volurrg T 'ow rate o ef-con varying the
oxygen coabkaritirrami dhis arieanbehampgma slmktthmlmesg oga$nm Tthe oil ah@JId)bumomtbust I ng

oil may bglﬁqgné{ %rjn?gstlg egg ﬁﬁ(?dt%?yée? eb el-nl nolar flow rate in 5Sorder to

decr ease era nous he raté of conbusting oil nay be

cont rg(% Leﬂ}o%%élj'ngﬁés ‘E’s?gfggeﬂg;lob?é’nt%ﬁ&gSHhQ%k%enf-éo%Y% ifiRg Gad I 1RE d6RaditndysE ease

the r
about 21 mole % oxygen, i.e. between 20.5 mole % and 21.5 mole % oxygen, when the

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 layer is less

than 4 mm thick or less than 3 mm thick to reduce the amount of residual oil. 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 oil-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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[ 0060] The Coast Guard Manual addresses igniters. However, for hard to
start fires, for exanple with enul sions, additional steps nay be taken. The
met hod nmayofarzderss10conpri se passing a conbusti bl e m xtrarased11a3zyaseous
fuel and oxygen through a second conduit, introducing the m xture fromthe
second conduit proximate the oil-containing |ayer floating on water, and
igniting the conbustible m xture with an ignition source thereby initiating
conbust i otheddil-ddneidng Iafyeuor'fhe h&)lariflbmretcﬁiomyg@ ihtaydrced B¢he @m’gbhon source

may be any i.gnition sourc ar ker,

el i -t or c oV A bR pEs R e 8 xRl e PSR Bafe BB K e, 0061
When at Ieaﬂammgpgastandﬁoroérymgehe)mkygeombamemtragod aftee oxmeplﬂmmmlngagasan

enul si on concentrati ht, % water to 40

water. rndnaiAnaheE ind ol el badanPRishy Bl Miod bRk mdd iR

t he oi5 f vaker tdhdecpedsediontaae bi cognbuayieg oil. mn.e ratetdfi oombastinG wil tegrbec onpr | se
passi ng one .or e mxtur seous . fuel and
bxyoent nFaUGHoT RS FsfeaBiiahe Podem iy Al Rse i PReE i e

conbust i bbenbustingod. from the two or nore pil ot flarre conduits proximate the
oi |l -containing layer floating on water, and igniting the conbustible

m xture w[(I(lﬁO]anTh@n:ioaistdBueMManealtddelrmps ignitérisal bwgver oiobhiartlito ntaaiffirédy doroi |

fromthe Qjl-gcontaini g 0062 Co Napu di scl oses
that ther&% r%e ﬁSH‘s %8%”” H[e s’%rp@q iﬁecoﬁrﬁ?m%(#ejrpwﬁ’ﬁsurn area and
bur n t@t ecorbpriset resbingta cmnitiusbhﬁe mlitfjneoojlatgasebumﬁubl andpmygerbtmoughca spdooll| y
extingui sh & ||ta‘|r ge uOIIr! tL melx,[on he vvateern k (ﬁj e lp,[ﬁseﬁ]t Itmr}]od may
conpri se SOEPY PO HE SR R ?’T i The' a 9The

met hod na;ayeoﬁtqatmgenpmlargjigmtuogy@emﬂtmanblgasxtum\mttgén lghmoalsodjreast one

condui t a her xy en- from
t he 30con l.?lr 'ﬁ‘%}[ tnﬁogjls é]fc} ?P'ﬁjﬁ?om‘ﬁg?gorﬂ%mm i )%r n'? I S(ﬁg()%/%r
t her eby quegpdeiang |gmlrdnwimramrkrmf/vntntnmemrt férrexamipleea mdrkerohﬂlanomhn@arbay;m. WO

2012/ 92118 US2011/ 7 4] As used herein, an oxygen-lean gas is a
gas cgnt al %ft%rg "(5§ 9'%“%0? %"‘%3‘38‘ The oxygen- Iean gas may be industri al

d %
ar ade 1 RS W BATIEAFY pRBHEY PLSUSBRE R eS0T} Be AIARIRKR 2010
carryi ng bating hevatertcoocenti@liG ofl2%height % Waterdd 4B gexghd % wafeorthe hestlowhdui t 10
f | 2N ' I
511 oat 1 i eBnohifes H4EhaF H8LE IR BT BN GENEFHE diden? s I Z8ME "B oom 4
usi ng t owayablTes nE&thathmaChather GurapriselViassiab odescmob&ssomtarsrtlblasmbtumﬂs t hat may

be us f r n I ection

i nt en%?fl g(ssmé'}gntﬁjg% ngﬁ{ehgﬁ(f%gn (Mro @gﬁu?rgﬁ%%” fBgn ﬁo%dh her ef or e,

boorns wi t mtrodgdiey theeopdwuatiale mixtla'elfm thedwo or more pllot flame condwts 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.



10as those made of netal or with water cooling are preferred.
Schematically, tow cables 3 include an oxygen-contai ning gas supply

condui t. Wowelxnjissepar at e | oad- beari ng cabl es such as rhoas20modes7es

mul ti-strand steel wires could be used al ongsi de an oxygen-contai ni ng gas
supply conduit which itself can be made of fire-resistant flexible pipe,
tube or conposite floatation and fluid-carrying inplenents. The boom

col | ect s [0084]L566lusedhérainnangxygendesn gas iera das canthirdny 0 g5 tiote %Wookygsh.i on  of

th il th il- t ai pi I : 0] tt hdt the b
4 [ o0os] BT B e SR 8% Re il r B4 CirSon R0 it oI EP %l v
t o boom 4cantdindond®® molXaodssdnltiakbt 16t msleddaittogenal details of the

configuration. The oil-containing |ayers collected by the boom4 is
subst ant i f106%] f Faatii M@tmtestdleamjarétmmroérr;tnh@omahemeﬂ(blj FIthe s?t@lwsmnﬁrét is

made to float at.a., desire nt r ol t e armunt guid 103
st dedt neSahe oRsPhlEEss B saind 1 S¥hel-Sihelie R by taa i Suded or
renmoved t bordulgimgaaymﬁtﬂbalnig orgwdtemchmlrig)\Qasselsg aral 2/|allnlk/tee fiteoreafsfamt bodrh &

i nt er nal

4. {i the re tof l'iquid
Vo Sone i MM RS e G b By BN Teadlet Ui pob ol e eds ha
it float sfcmthlsapui@sses eﬁbcdesﬁdff oxYben-comainint gﬁ@lrfjemtlos i sjfiesggombustion, the
250xygen- gont ai ni n a ttac dtoa5|ml nstrutedfloat tion
v 2o 1ol Tk Sra e Pk Be AdRE TR0 00yl DBl LR
i ntertal bs thosd nMazlealf nEds oirwitaﬁ/\faeartcobh@ qﬂresprefem\d cﬁchedmetlcrmiy,ztbw c@blesl3at i ve
to the to The |n er,nal I|qU|d 103

: Rt (raf A% o thn? g-Cors]t 2l mc?r%fJ o4& ver, se te a_dL(S) ar|

in the bodfh 4c&nd VHe 19 ?J 8 $67 Wf”fﬂ [foal ?lon @8R ce?10os msg/ be wat er,
sea wat er calies suameasrtbesh rinydeau’anhla{sltrendi bigel WiresAsoutiise usddealortgsideian  t he
oxygen- ont ai nj s condui ite Il |on LY ng
aystem  oonePnTor el r o ARERLhgh Py BIBERP RN wedSh AP a BT BB L

her ei n, namephubemdeomb@ltsalnatatmmamd fhuid- c@ﬁﬂ]ﬁ@]m;ﬁlbmdnhstmd)boann EdlBctslthe s

conf i ol ﬁgﬂ c%rgtalnlnﬁp?ye §tprlg qnd d’%mI | g@’e %qgﬁ\é%?gr??ﬁ%ﬁ%ﬁ?r”m t‘ﬁ\% ﬁﬁ:on ngs. The

nozzl €s nozz 027

2012/ 0211%M/Qm0ﬁlommed)pnhhemgsmoh the side only (FIG 3b), and/or
nozzles with side openings and end opening(s) (FIG 3c). The conduit 10 may
be confi g[0066] wrtGh 2 dhewsanscheyatc nbhe lodsobtainingghyertd refativéo aonz # @sdmay be

vari ed. . The DRZ0l 5 RaBE Y uRbEAEHis RRFRI R ThOR, SXNORNIQN 8 i g

gas is inJéec tang onent
to i nducecdl&ctﬂdrtiynhgbpanﬂes AubsTémdially ﬂtnatlog@mtln@surfw;y dhawewaam()sﬂng’he bet ween

the | 6§ ayhsyangnfi§ 0hos 24 cBsnel @oth By obBIRENAE BRSO AIALEG0IRRIEEY D

i njec
the boom. Compressed air or some other gaseous fluid can be added or removed

through a controlling device 109, e.g. a valve, to affect the internal liquid level 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 liquid 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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degrees to the pipe axis, or any angle nore or |ess than 90-degrees. O her
sui tabl e nozzle designs, different fromthose explicitly disclosed herein,
may proviwe 20tm2smae function and nmay be sel ected w t hoRrCTIsdma/033783
experinmentation. The nunber of nozzles 10and t he spaci ng between the
nozzl es depend on the dianeter of the oil |ayer, the avail able pressure of
t he oxygen-containing gas, the practical |imt of equipnent size. An
exanpl e i spgrirgsant thd shiel aly (FOG I 30) usid/@trezzibe with BEledpeaingeasd efid si zi ng such

equi pnent . [ 00 Tow ng.,vessel. and 2 have an.air co essor_on board to
Suppl - hEPURSRHE B e gud 1€ 6B e on e P o FRMER S AP soor may
be a gasothrmﬂghpomtbflﬂazzéesh?apb@wamn' he’ﬁbeztlemr]lcmpy ﬁamgﬁra;m obenipgswehed by
any povver source on ne oa . el er ,.a, r (0] e (0] engl ne r, a
o ot R SN ReRR s nBrlea T AT BBl bPY el v BdiMRsRE 2 e
air kr emtji t:@nmn_l_ a_tm‘inau@i a/iamirlt?iglpageml. Toe aimletoeenihgs mglthegxi arlg)yfaarﬁgh?bémeof t he
sSnoKe p u . oW N essel s. n ma al SO ave a Sul , e r neans
o ol S At e PR s TR P A S By mali o e hk BRLTe b TR Toanr
;or exarrpblegre@@fbhge ipi]iéLEfS(lsI: ba;hr;;garﬁg_lbmgqg?es@nhdn pbzdeg@ets. @'gmyer h@'tagm I itq_ui d
ormaor co resse g (0] I QUI. 0Ol. n I N | S 0 e se | | S
Ltiar of oo BoRAE e het atenL Momhose B Lo BNeaeléhn, Bay Prodgaisams,
addi ti on, functan dabiney bé salected twithbutayrsitie exparsietaionnThahli@bert of norriege and

bl end, t he f| f. dair, ind i,al .. /or _ind i al
i trolfen 2 BGeonG SRR A s AEhEbh Ut o SR Bt BT e B fs
Uhe T ow baat 9. bl vt he e A o § T oabn oot io ] epace
t he tow boa , T, .
b some ramnie iuBRinied BipwiE HRH 8l s g RRrtRRs B oSSR Siinds P Poe!
0070] Adghtai | i Ly i b I

combus i bfieRF T oy B8 Eaies 1 32 € Y ot PR SEgER FB R K a8 e
oi I, as i bontsiningtgad to theFdoBduitt10.3DsLeirt copipeegsiol otay foleangesolieypdeerpditri cul ar |y
v o oL BB 0 BN AT ol Bl oL BT S Xt 0T
oi | - cont aas par of thgdoabendliecony septardté powecenutes. fTee way phesser shoealddre sizede

I f 0 8 / 0 0337 i i I . Each
of the nodu sl MR 08 S TR H i e ol SRR Yo Rt vis ARy B
condui t s ofbthe Issoke ptund. Tedingyvesbeads thwod[2 magali@ hay8 gdijdblestomge snesngiférar t o

FIG 1 anﬁmdhgtlriglfirgcg%( §>§g%ﬂ a% tnﬁrrogzélﬁ.i e sqgrgglg tﬁr{e\éng Pngay 0&h (rié%)ar for egé)rﬂﬁg.i ts 10

for supplyi'ng N contai mng gas. ere ence nunbers"refer to
| i ke Bl effbatrslusinaldr&le dxyged aRtl Gitrdgen MY A2] in R @Gd f@&mM & compréssediges Fr@B. 1 and

FIG 5 and bl Lusteakes iehoanghNes ALLAIBAYS JRANEL, =AM fa gandui t 10
or supplying the oXxygen containi ng gas. Li ke reterence nunbers refer to
| i ke el enmelsbéndudeB! IG.additioR] &Ssuitapledftvalv deinol €.stdnmmidlsGoe Bistalied tol mandgevandg

Yﬁzstelovv: ia%\?}gg]s% czv&s?éﬁ’w%%%aegsggg%ljcr),;i]n(}tgs'rtriaig%gq%ﬁ?llnJgﬁnngttrrﬂaq%itéo%erq.Ot limted to
[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 oil 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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configurations shown herein. Those skilled in the art can readily determ ne
sui tabl e device configurations suitable for carrying out the nethod. [0074]
Exanpl es wOQéRjo2imbor at ory scal e experi nents were condueCcedS2iipss7ssrent s
wer e conducted 15using a 10 cmdi aneter container and a 20 cm di aneter
container. The 10 cm di aneter container provides a turbulent flame with
convective heat transfer feedback. The 20 cm di aneter contai ner provides a
t ur bul ent pfddacieg whotdlamies. Eacht dfehd n@zrziﬂstrha),nhmg;i spark gnitera@hapositeadf the ansf er
f eedback, oil was used as the

f I ammabl epﬁaia%ﬁ%olﬂ@lfri%??%] beBB?WOﬁ?\%BIYTg%et}%Oc?FB %n](car ﬁnd the 20 cm di a][relt :ard
t 2 t t
Cor e A7, 26T Phua BRI Slatlt &) SiBlo BafR) OB MEF |1 ©

wat er .  Ancanduitan© forrguepliinghd wb@emanalnatgeghsnelae réfaencenubesfrefeht like

cont ai Thetu d at the end. Six orifices were drilled on the
side o tﬁlgm[eﬂg ﬁ%\,\? rllfgﬁl%) to i nject oxidant substantially horizontally

across el BRSW L R5fer RIS AATIA! S5nIRRs Rkl | A LU e cont o Of

the cap t OXI sub I"us inFIG 3c.
[ 0077] Fogemgie;rshmnrhg;cmdumalfmr wpplgngdienoxigen chedingig gasn|-ike referenaeid t he 10

cm di anet ﬁumggﬂgtrgl’eh% like. elemerﬁé %aﬁgeﬁwalgictssi é(’r%fl?b% Inl%lkﬁﬁé al%lrg t(EWih%t h? D

was 15.9 nm “and t'he injection mim openrngs on si de and
one 4.8 nmmesspkiniusgd mwtommeomotom.MFor experinments with industrial oxygen and
the 10 dianeter container, the oxidant injection IDwas 6.2 mm the OD was
9.5 nid anfPO7BE Th¢ ewthadiis nablenitedldo $hextoRing vessel plewi lingsbam,tdneosduie and one

24 mm OPER A8l BorPRerein th R4 3]11@1%Pg({aw$g%)c}ﬂ§/o%§e$%ﬁ}%h4uﬂg%|g] For
experi ments alr or oxygen-enriche nj ec n and € cm

di amet er deviteacordiguratibes suiabi@rior ¢amjy'mgtdubrhetrnbfeodD was 25.7 mm the OD was
31.8 mmand the injection tube had six 9.7 nm openings on the side and one
9.7 mm oplW7AY Bramplest op. For experinments with industrial oxygen and the
20 cm di aneter container, the 5 oxidant injection ID was 12.6 nmm the OD
was 15. 9 [975hntakdiatonngaalst ¢xperimebls weie cenductedd Experopens wgre emduptedsi de and
one 4 ; i f 1 nj ] rifices were
ot zed'To B a0 S oRine IR B0 R ba I E Aot 6 Bl BB het g S o
resul t s feoneinespbyides aturbelsniflanteerith edrvveetfviedsat anshxyfgedbacknideitdemi on in

the OXygeHlaﬁ%rfgr%ﬂfaﬂ%r 2o eg ttq,r%u%'ﬁpﬁ'é}%e Qhid g%‘n;tﬁ%'trgHﬁtl&ﬂ% ﬁlfé'rtrgaﬁnt

10burni ng rate was eva uat he tests in wer e co uct In the 10
cm di anet beat transfer feedback, as in a large pool fire. Number 2 fuel oil was used as the

flammabile liquid.

20 [0076] Boththe 10 cm 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 illustrated in FIG. 3c.

[0077] For experiments with air or oxygen-enriched air injection and the 10 cm
diameter container, the oxidant injection tube ID 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.

-12 -



test appa
wth the

I nj ect ed.
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ratus, but simlar observations were nmade for snoke generation
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fire test

10

15

20

25

concentration in the oxygen-containing gas on the amount of oil residue and relative
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

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 calculate the relative burn

rate.

[0081] When no oxygen-containing gas was injected, there was visible black smoke.
Atfter 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/
O, mix (by moles) was injected, no smoke was visible, and only isolated spots (“islands”)

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

[0082] Table 1. Qil 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 Ny/ O, mix No 3.0 “Islands” of ol
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50/50 N2/ 02 mix Yes No No 1.0 1.5 3.0 Thick continuous |ayer Thin
continuous |ayer "lIslands" of oil WD 2012/021183PCT/ US2011/ 033783 [0083]
The experwomnizo2stsewed that a substantial anount of snoleTius2610083d3 when
the pool fire is allowed to burn with only natural entrainnment of air.

[ 0084] The experinments showed that introducing air, even if less than the
5stoichionetric anobunt, can essentially elimnate the snoke plune.

I ntroducing air also increased the burning rate. [0085] The experinents
showed that introduci ng oxygen-enriched air (50 nole % oxygen) can burn the
oil with [0083] siTb¢ exanrinants SHueveddBatdusubsfanéibl dnedunt af snecketib éortmedwwvheas about
hal f of the arrg nt ol]ﬂ] ed%l u%lth[huerI]I \Ahtepaltpf |Rr|n|e s burned w th entrained
air 10al one. po[o §éﬁ e exper Hent'sY SRowEG 't fiat 't he anmount of oxygen

supplied oxi dant, | n n _the stoichionetric
requi rerremy,'sgfhe % g% Wmen?s ghowejrqqﬁlté'gtn?qtuggseofug\ée@ 'clggrsp% e&h? 0 no oxi dant

I nj ectd onstoléh'ronmtliiajamurm man(éﬁ]semtl}illye e%mm;egea)srr@k@plummj Irsitod56ifrg afr atsoe

st oi chi or‘r%tCFl égé ﬁ‘%d%ﬁﬁg(% some gray snoke was 15observed. For

oxygen- enr| ched- oxi nol e % oxygen) supplied at about 60% of the

St 0l ohf ONRirhif: FROMLESIRING oIS RLALE SRS, ONBRLY S od AORT, The

experi ments uci ng essen ure oxyg h° causes an
ext r enel yoxygsn) camtbmettheml wnat BO wrstbha sneker Yhe reshsefutl lafrefterSbeburn wadl e

3,'“3‘3‘( smok od’t"%%lf%f{hg%ﬁno‘ﬁ’ﬂ?& BsATIQWHIH WBLT WSs BIREE iR enfX¥E§ Qi Was added,
I ch may

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 introducing 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 to 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 rate can be
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20hi gh tenperature intense flane vaporizing too nuch fuel for the avail able
oxi dant. The opacity of the plume fromthe essentially pure oxygen

experi nernwe 20e02iB3s t han experinents w thout oxidant i mceaise@n/03i7s3 may be
possible to elimnate visible snoke using industrial oxygen as the oxidant
wi th the proper design and arrangenment of oxidant nozzles. 25[0088] As a
safety neasure, the ability to inject nitrogen through the nozzle was
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h h th dol
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because the burning rate may not be a constant, and that the oil properties
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The stoicAronetric 01 ac &8st éd to be
104, 000 NﬂrﬂﬁhmnutaadndlﬂfeMpraweddalrtftwadatd)leQHBJ@QOﬂ\lmfmn s 17.4 m nutes
wi t hout injecting an oxygen-containi ng gas. [0090] If half of the

st oi chi onf091t U)h;ageﬁthie§t@'dmxhétdd okygenri$ egprliag byinjecting en-oxpgeracanitaiging 0gas
dth

chor t enedotaeq 3R Ik B850 S aRiGRR s 3 oxydelin 8 el 0SBy a0

Nn8/ hr. [ 00@ig tinfie ||sashbrte1fedtthé Smaiutds. dhe flow catexy thersubstastigliypiueslinbystrial
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m nut es. WHhaingl penod athes tofal flbwe rate lof tharmxygdn- gorpmnleg@adwst% @0 Mrﬁ?jhygen is

38,000 NnB/ hr and 5.2 netric tonnes of industrial oxygen is required over
the bur ni HY9@Er iTbelratd heoxygeaicohtaming gasanjettianandox yiuelevel@ivaygenng gas is
104, 000 N i -%53% I tion and/or
the | evel Hﬁéé?'menﬁ Rggﬁﬁ?tl-[%ﬁcﬁé&ttaﬁt tﬂﬁogﬁﬁ&%{q@%ﬁ@ﬁhgtd%n? 8"t rogg%oﬁltg t he burning
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OXygéh enE)tiﬂ9 %f'ﬁl@tbe@%ir@ean‘dsaq%e end of the burn, to help establish a self-sustaining flame

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 upto 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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20 only at the beginning and at the end of the burn, to help establish a
sel f-sustaining flame and to reduce the anount of residual oil,

respecti webyo12b2iisag the rest of the burn period, conpressak2@iinizan be
used as the oxygen-containing gas. [0093] Literature suggested that
controll ed burn can be carried out for waves up to 1 m high. That neans the
nozzl e velocity head nust be at | east that nmuch to avoid water 25 backing
into the gas piping. Accounting for @uaIMg | oss and design margin, 1.5
nmeters of water is used as a conpressor pressure head. Wth a maxi num air
flowrate of 248,000 NnB/ hr, the conpressor power requirenent is 1.0 MNor
1350 hp. [0094] The nunber of nozzles affects m xing of oxygen

cont ai ni ng- gasAwn¢thoafdr compuostingMilfeman zil-esntpinimgddyer fioatinggpnbadtea itten

conpl i cat e§Q§(%E§H n and increase cost. A 30practical balance may require
each nozz erl COVEr'd circul ar area of approximately 3 min dianmeter. For

ol ai m? v B Rbh TheRerrPEB e P TAONLTEL Rriishe ARAAL Y 00" O conbust i ng

il f i i {1 oati .
gbass{gg]22”@?96§9-%%k%g@gF&a%gﬁmBgﬁgk%nﬁhggtwg%grmc%ﬂﬁwpﬁﬁgﬁﬂggﬂﬁﬂﬁﬂs'”9

ni Ng gas roug one Co I ntroduci ng
t he oxygen- cont acontaigingdayef floatinghoem watet, @eadt one conduit proximate the
oil-containing layer floating on water; and conbusting oil fromthe

oi | - cont ai nieybuking il fotrhthe lod-coxtaeny leyartvainrthe gxyges-dontairtieg pasisdimee of a

flame, 10wherein &%gngﬁﬁgﬁﬂmgpntaining gas is introduced with an oxygen
molar flow rate Sufficient 10 decrease the opacity of a snoke plune from

the c ust | i T f. i : rel i is
tocr egon boferefting oxfoerBindithGes Binfidoll hitha' g MBPIREII 10
st ep of i ntroducpufficiemido degrgase hermpatiti ofg syackefplone frae tbesdubustingrgir i ses
i ntroduci ng the oxygen-containing gas into a flame regi on above the

oi | -contai ni ng | ayer.

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

15 3. The method of claim 1 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.

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

containing layer.

5. 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-

25  containing layer.

6. The method of claim 1 wherein the oxygen-containing gas is introduced from the

at least one conduit into the oil-containing layer.
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4. The nmethod of claim3 wherein the oxygen-containing gas is introduced
fromthe 20at | east one conduit frombetween 0 and 1 neters above the upper
surface oWotbhe/niiss contai ni ng | ayer. 5. The met hod profi/usb@iimsizswher ei n
t he oxygen-containing gas is introduced fromthe at | east one conduit from
between 0 and 1 neters below the | ower surface of the oil-25containing

| ayer. 6. The nethod of claim 1 wherein the oxygen-containing gas is

i ntroduced. fr oMhé hettald dfekdh 1oveereionictuotygeniconddngratior efdb@baigenng | ayer. WO
2012/ 021183PCT/ US2011/ 033783, . 7. Thet nme godloj/ cl ai mé wh{slr eitn togﬁ oxygen
concent r afPBAN0P PRE BRYGBAVES H A iH%”% 89 L HEITHRAER £ P85 G RAYE 't han
25 nol e Y%hexyilgmntavieglagtr ik @assenbagpar emalBiodbfhalvimg aovhteccoricantratiog df ager i s
present as a rrultsiton havi n[g,/aa\ﬁ/ater concentration of 25 weight % water to
40 wei ght W%%%’e"lyef el 40 Wel k¥ S0 of claim 1 wherein the oxygen

concenéer ation of the oxygen-containing gas in the conduit is about 21 nole
% oxygen when the oil-containing |layer is greater than 3 mmthick. 109. The
met hod of ,claim1 erei.n th xygen_ concentration.. of e _oxygen-

Cont a1 i nf gas THTEIBCUNETE G b SRR SRR Lo e When a

| east a pooritaioimgafasirhtheaiohdwibintadbut Zigmblaye oxygenl vt theait-cdntaimirtgiagde.is

10. The rre;tehi)drtr(])efn %lm‘?ﬁ h|c1'< further conprising: 15controlling the rate of
conbust i na 611 Py varying the oxygen nolar flow rate introduced by the
oxygen-cont ai ni ng gas proxinmate the oil-containing |ayer. 11. The

met hod of claim 10 wherein the step of controlling the rate of conbusting

| . ) . I - q
The 1305 BT 30aREEERHAY i WHGER PRk it Baffod & B Bffach?, DT e St ep
of cont r obdntaiginglpgasirathe cohdwibistoussténtgamd mobmPr dxygsen ivhen eblsastg pdrtorosfy gen

mol ar flo egﬁtﬁni%iﬁégsérri%ﬁeesirsrfl‘?éne?%% Hiﬂ&_rate of conmbusting oil. 25 13.

The net ho arm conprising: passing a conbustible m xture
conprising a gaseous fuel and oxygen through a second conduit;

10. The method of claim 1 further comprising:

15 controlling the rate of combusting oil by varying the oxygen molar flow rate introduced

by the oxygen-containing gas proximate the oil-containing layer.

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

20  combusting oil.

12. The method of claim 10 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
13. 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-
30 containing layer floating on water; and
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i ntroduci ng the conbustible m xture fromthe second conduit proximte the
oi | -30containing |layer floating on water; and 1igniting the conbustible

m xt ure vWORoEM2i3i ti on source thereby initiating conbeetriuspoiafii’ee oi
fromthe oil-containing |ayer. 14. The nmethod of claim1 further
conprising: 5passing one or nore conbustible m xtures conprising gaseous
fuel and oxygen through two or nore pilot flanme conduits; introducing the
conmbust i bl eigmitixty tifeecdmiarstibleenikivee with amigaitiphlsotirckltiearebycinitidting sorpiyustionat e t he
oi | - cont ai ni ng Iagtr ﬁloat%n%.on wat er . and igniting the
combusti bl e m xt 8F BRI {TRTHRE PLPPFEN S8 c e t hereby initiating conbustion
10of the oil fromthe oil-containing |layer. 15. The nethod of claim1l
further conprising: passing an oxygen-lean gas through the at |east one

condui t ang/ or -anat her i,te .and 15i.ntroduci ng the oxygen-lean gas from
t he condu??‘orT g“%?ﬁ%ﬁ%%%ﬁJJP?ﬁ%fQQWngg'the oi | -contai ning | ayer thereby

quenchyng cRIRUR Lo HhorkR8mBlbtithd RIS cOhbridi 08 b dLI el BNEbxyedR

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

10 of the oil from the oil-containing layer.

15. The method of claim 1 further comprising:

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

and

15 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.

20
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