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[err]/m n (@nzauartiGRedIcrMD. bmey bedesirahie P incoas thafiowsatesde imoveshydibeaghons Lyltkis

f1 ow r at es agditionghmpthodan be as low as 0.14 [err]/nmin (5 SCFM and preferably
gr eat er %t han Igs R@P@P‘P Q?Fiﬁ’e(“fﬂ’ sy hydrecaphon biogagredation et s prssible diar measuremand
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bhedegr adaty Khfeaséihe fIEW aldOWhdntRd dxfjen chncéhtrm&?l isadd] 13 @Fgradtdr PR 0%, SRt gas is pre-
hydr ocar bofsab ifrol RBPIHE heacauiBP §s 3 fe@ite RAStal Gifdiocaibort oneitration to®blow B lower
bor ehol e 8egpdivenmigen i s drawn through the hydrocarbon contam nated zone

10. For bi odexye presentivelition is opstdbla@n virtiidily il varistigaof iddegradably hydesaarbons Wit thélsoling a.S
t he fl ow r snge ¢fA2 toBa6°C 490 t 1B00K) atlatniwsphetid préstwrar| Thiy indlpdes:dwavy olis; such aspheitigas |
maxi mun#sandilsaer fgel gilexand light ¢ile, sach, asgesolinebjet fuehtdieadl, terbiok fuels nalightgawcilatas wel as the
hydr ocar bororerennds tistqsiimyndutas stialy Thecnmgeasds riotlimiterthydowdivdracarbiom vapprpfeseips. $ame bio-
hydr ocar bodegsadabie inerganica mightalsorke bipdegradedpguch anayifidessehaspiioraim @nd niecen eomeeunds; o

i ncrease the PrdritmaWathe PERRRSY eantbie joperahis) anta viaraty-qf sals. fFsamplas are;eands; porali figsurgdyala |
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The hydrocgg; rH:ﬁ\Qsﬁ Baohﬁ rﬁﬁiEQr Bes Al AdMRomo cEeF’o GHakive Thds ahfoobdi fich 4¢2 N
of a hydr OQ%Mnaﬁ-r Ebactmu Rrti#6aB8rOBaRil6s Bhd Mk 2 afdbtheR aticH s onL&éN-

rates or a Targe pressure rop across the T 1 ui d perneable l'ining
Dependi ng on the hydrocarbon and the paﬁtrcularrtres of the hydro- carbon
contam nated zone 10, it nmay. be desirable to increase the flowrates to
renove hydrocarbons by this additional nethod. 30 It is preferable to
achi eve the nmaxi num hydrocar bon bi odegradation that |s possible. For
measur enent purposes, hydrocarbon bi odegradation is assunmed to be equal
~tof[err] renoval because the hydrocarbons are converted to [err] (even



35 total [err] renmoved no |onger increases. At the flow rates of the
present invention the [err] concenErPat3s®7ssiBn t he evacuated gas is
preferably between 1 and 14% nore preferably between 6 and 14% Also, the

oxygen and yhQiidbraiRef SEabichbs BRI drd ear:.g inBiBeHobeYitRSLgR dy AbyPhertidiiddss €0
to outsideg r6chrbol? bdntainihated 208 20, Othe? hifer .Qandrﬁ&sﬂes Qr'trigl) bigakl AdiRontyS
limted to , 1Y (sbid Usé RppefiikCa? AlniRerigeuibfzi DI | i ty of expl osion when the total
hydr ocar bon VFND BifretioR A unutBerf84turd 11 1Ha pRBent nttinflonOPruaABl, kheltiaineldbyf the Borehoferstsbe d
if it I8 pwmeee2s.®shd402 cni 8 ahduDNikcAse), mofeprdfdrably Hefiesn 30\ unt 82 dhe(12 P2 Ihches). Pre-
concent r at iferably] the bunahale 8iexterals intpitiectiydrocatbiom conffifirfatedizdnel €01 in sgsinstance iids préferabid | y
I nt Loduced td extend thélkmrahola 8 intottkeecbapjiesy Zone & jastiatore théiground tvatkr 1dveldiooeven tetow the ground
concent r at weter level 45 Bteforably rjowes depth ensyreathatwais is|drawn elonglthecapilarg eawe irrespsetiveiotthe | s
oper abl e ofiucyations il the/ground wetgrlevet: | es of bi odegr adabl e hydrocarbons within

t he boi 19 ng rT&A gerehsle 8xan bedrfiied tpabsoly(y depshg em@%ﬂs mi(th9Seshifror @ denperdorghale a
Thi s | ncl udigher f' ‘Yﬂ‘qa'!y requisedi{or erebiodegradationqthe borghole §cprsbe vggtical | diagopy), I°§'at' and
light oils era&mfrp égl@U p drfjed into the h!ﬂd[?eﬁrm"a?'é%‘é'ratedmeﬂ? Wé"!r‘eﬁélldg'""gmet
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the Pr esenlurfiics)sassleduffiahd staéhed 10t vhddurh Souft i £ AILIM FerinBablififly 200 cBa iohed
packed soi lasthéensunfiad impyrgesbleVining 18.Chik Arlitg Z0/heay B WEINGASIAG haVing hdtds, seykens) BALBEE | ON
or by diff weamng perbit Sdas, i herbsdl, brjiquidfoatinardbirough. Poaierablya b linings 8ratld 20 ard substan-
becausea2st hdiallythesemediametérdiis intaded thai both lisings| diredbihe vdsouneinduced airdiaw thimwglinthe hydro-
dr ocar bon earbgneoatemicatedzone/10r Ttachidve thistdod)sadr infitiiation betw8en the lining téandtherborekxie & i at
bi odegr ade prefemblyounithizads Topravert gipfrarhieing digwr dawnifram tHeteaih'sxudaceandalong dhellisieg 18,
adapt to t |eilay pepmeabiity material islprafarablytinsentedchstwesrkihp |ining 18 endithe peseiols| 8o Brpferably, this
Repr esent atmatpdal iseempacted poil; glgy| qretbh t'ne at ive rods such as: Pseudononas;
Fl avoba® er i M‘tmawhf*g@ﬁé?d hefwm ghle linng a&ﬁ# barphojepcan headiusipy
cocci such Adigherareasre dron '%P"?' 'ifﬁ Ei ehthisy ’é‘}“’ ‘Pfth‘i!i%"a" and
M croc occu?""%?h??mﬁ'f‘ %”F%“"l’éﬂj h°'°
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i @ﬁ%ﬁ*”%ﬁ@:&:

he ou
hydrocar bogo Eﬁ |”s% ha géQ' gi'ﬁ?see
al so Appendi Xy

h con
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BCm ( 202 avel 4.5k if ﬁntﬁ&eore éseare.ieeésa&ry Yhen 116§ aré BiefefbBly Spadecbeiv@biknd i, aisgntmd
hydr ocar bonoaredfspirt. Ristefilly AR38 boksholes dite AVaEUUMMBHIsAIILAGH airiniet Wellp éan betisadlodebser
ext end t he hixscaibon @n@minatbdzohésctocapi | | ary zone 6 just above the ground water
| evel 4 or eVihe vizslurosourded4 gvacusates gasthonghl the/ihlid permedable findnga0layd paaseds tiseevaciaied h
ensur es t haas tathe prosesdingmenna & e vabrwmsayred 14anay be any eeansrcapable of éstablishifig nelgative
f 1 uct ua#d omeessure within therborehele tagause a flewefloxygerthrough tie-hydrioearhoh cantaminated ponig 40. Pre-
drilled tofesblyothavacudiepaures 14 iy aguroreran afpiralds (see KNBE. Y.8 dajent Noy 2,990, 1§8)cRyeferable
borehol e a PPFF' rofyfd fiayidang @W;ﬁmqrwp@qm Rup\gs e anyciured by, Sllalr and Neshon
The bor ehol"éd ﬁaPB@‘V\%H' Pﬂ‘é{% Hiaip ('"’@f‘d 2590 sc@Waﬂ“F @F"P’é H‘E‘\%‘?P"é‘r?c?“é an

be dril | ed “(‘Hr ot Wéa?‘?‘ P ‘? : eeﬁfera ! ey
%ﬁ %f"

met hod ) hm poroys sofs
cont am nat vea eans E{ﬁnb suppresion fo riseameans
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cont am nat

i n Ol ﬁ " te b e
nsert e 55%\%@ S 5\943 g e Eﬁmﬁuce
the per ”eal?l'x t%é JsEH:‘a : ﬁ&au i B@Ef ent n\t&x‘h&gFgr ple! A&

borehol e 8 mgh affount &nca;%pa%u&ed S\j’thi@)&m’d&b 0&h BeQBcolBiéd bnd Lbdd i Biary el fectVery or
fluids. Typissislyefrigerant frelydlodarbBievapiraim 1 rbdoérétitand firthér réfRéddradid.y Space

wi thin the borehole 8. The lining 18 hag an internal dianmeter between 5.1
and 41 cm (2 and 16 inches), nore preferably between 5.1 and 30.5 cm (2 and
20 12 inches). This lining 18 may be well casing or a conduit which is
smaller in dianeter than the borehole 8. Preferably, a portion of the fluid
| npernmeable Iining 18 at the earth's surface 1 (or a mnor depth bel ow t he
surface) is sealed off and attached to the vacuum source 14. Afluid
perneable lining 20 is coaxially positioned at the end of fluid inperneable



carbon contam nated zone 10. To achieve this goal, air infiltration between

the lining 18 and the borehole 8 | €Pp3eszae®l y nmini m zed. To prevent air
from being drawn down fromthe earth's surface and along the lining 18, a

| ow per meabi |4 vaNety & ohbr fadtord SoniRbRS B krdtiehdyDihb BdsdnBibvdRIRN. FoP SkamplB,ithdsol 8mand
the bor ehogfft&s, thé &1 RliilyYthe hdbiehts/Bhb €el phil ard 8t variaBlBshhtaffect Helg dtYhe ntiérébit
or cenent ulation. THé @bl tbiRpbrdidrd/is diffitGit tB Fe3Rate, vat tekhsRiatlp@ABORE1D L (8d°F) kidipfbferable to
per meabl e plombts ghicrdBicldgich! grveth.AadifidnallyChuthidtyie proRratiel fotfsater glowth Weitdd ay belit@asced €
drop | sspr aitethedid thatlixFloasdtarolighdhe Rybdogirion caiariratet Bond 10 By ifrightion or stei ikjextion, for
aer 0sol s obxamplar Aiditionally) organiccand iafgania nutibslave besential kb micobialgeth may be added &cthe ut
of e bor éyindcarben-dohtaininatedaope 10y edlangkaovintirethedry: These mddents canty atkalihelals (such Bs
renoval . | potedsium), phesphates.and nitrétes. Futhermarecpttmay\pe menipulatedibyl the additioh bf basi¢ aracidié
for the |ime umﬁlthdmmtiplemh@cmm4lzwéssure drop is preferred, then the
space d#f i ned'hpyresentinyeayionwillhe moreylly unqemstogd, breferenegrip the folleying epamplps. They arp in-
per meabl e fendadibexyrelyfrerppiary,and jaeecnot jptendedtolligtha seope of thedaveptiop inanypd@¥er i al |
such as gravel . sand, orcrushed rock. This material prevents fine
particles, E&Mﬂﬁs silts, fromplugging the fluid perneable |lining 20. The
particulsar chIaractreringt' s of the qlontt m;nlgztw% area Ry S te tspgﬁ ong or
o g ﬁgfﬁ ! F%@zm:;%zf A %ﬁ?ﬁfﬁ ok
hydr ocar bogv;%ltﬁgen e|gte or the ‘Ly’c‘]roc r%on TSRt am nat e zoneeI 10; the type of
soil; the ground water 40 |evel 4, etc. If multiple boreholes are
necessagy, then they are preferably spaced bet bepthantio1tBe9[err] [6 and
300+feet] apart. Preferably, these borehol es aTepashdyvBettemwel | s al t hough
air inletwells agede used Yypedefpesdlhydr ocapbobhecHebl; Sareensones 10. The
vaccum source 14 evacuates gas through the fluid Berngabl e lining 20 and
passes this evacuated ga0% gasied imeocessi ng meats® % ?1h& vacuum source 14

may be @y nmeans capabl 0¥ diesed i shi ng negat {3eta$0 Fretdsure within the
borehole to cause a flow of oxygen through the dro ﬁr$on cont am nat ed

zone 10. Pre- ferably, tepsaldaeyhiesding 14 s APk, pedpy aspirator (see
Knopic, U.S. Patent No. CPRRRReME3) preferabl e %? 2 are ro}ary and liquid .

ring punps. Exenplary liguid ring p S are man ciybed by Sullair and
Nash, a#d have a %apaci t32a% ;#.“ﬁq Bt\ween 2 angii%%j%?ﬁﬁyi n (70 and 2500

SCFM) and preferaply betwe W]/ mMiz2(dol@.6nd 2500 SCFM) .
Preferably, theseppurrps ?%%é‘%&%e%'{ighpul k4 alot I reet) | east 0. 25
[err]/mn 50 (30 SCFM through porous soil fromat |eastone borehole,
preferafly ”“Ent ire BQUCAAR bfony in SRLRYr #a@%&t&ﬁ@i&ﬂ%ﬁh&i& (f?&j?&’)s eréﬁ)lfh
NON- POT 0US y3Rlehda ol biétto iﬁaaﬁPﬂ&s?aF&m dioistifd s bt Heledel ) it ﬁaqﬁwrﬁ €S-
Preferabl yfifiey have a neans tor ane suppresion to prevent expl osions.
The processing neans 16 may conprise a neans to vent the evacuated gas to
the at m)splgggﬂe-a means for filtering the gas, a neans for conpressing the
ewac- uated gas, ora neans for incinerating the evacuated gas. The

evacuat ed gassiciestinaliswde didisdy/ GEaN10 eRisting MelisEazK béleholdhas anSntérndd dientl@erof thed dnO@ in-
product, wahes)andapautsideaiathetaryaf 208 em (8dschash [FYC pihel wad usedasafivid irtpeomabld hrdrgand a
conponent s PYC s¢rérn way esed as afitidpeamentlglining. The edilwas $andy leamy Afiter exaguating qud tepting cges
out si de of from éhepborehalewasispivsequentlyrincingrted.exanpl e, t he hi gh anount of [errllb

t hat i s%pr oduthesoligoupdthesnilihadkass vented fonaboptiwanpars topontebimigration of ol vensrstinteeproy |
recovery opulldbesy Thesvestingsatp fo5 toagwo yaarewas helow OS85 iimin A30 efandand cubiefeptneppiavte 4
and furt heSeFMIRseMPllor sol d. 6 EP 0 383 789 Bl A varjety of other
factors cont riPHgtest thevenied gaswas E‘?%‘g@%g‘éﬂ'%ﬁ%“g‘?@%@" (l"ﬁ\?léYﬂ?%’/’bW.d"‘ﬁB?“%?é%I e,
the soil t &§%hesdwith gjc 4n example of Shq undiiyfed ¥ent gas haq the NISAPROSEINL, §  he pH are
all variables that affect the gromh of the mcrobial population. The soil
tenperature is diffiv; o egul ate, but tenperatuipdlabove [err] ([err])

are preferablg 1.8 /RO m cr obi olegsli cal grgﬁ h. Adgiotri onal Methame dity is
preferable to $ osfer Wat er be i uceg=—b— | nte—the—atr that

is flowgd through the gi ocar bon c m nat g one by Irri ion or
stean1injection}hF6r e gLIe. Additfg%glly, &Eénic éﬁh inorgagﬁi nutrients
are essential to mcrobial growh nmay be added to the

hydr ocar bon- crhe efavsghaiicslyganthet whb puliyd ifd the groliritiatiwiulated significant Biodegriidatich. Thetefwag Nt S
can be alkali netals (such as potassiun), phosphates, and nitrates.
Furthernore, pH may be mani pul ated by the addition of basic or acidic
compounds if It is inconmpatible with mcrobial growth. 10 The present

I nvention will be nore fully understood by reference to the foll ow ng
exanpl es. They are in- tended to be purely exenplary and are not I|ntended
tolimt the scope of the Invention in any way. EXAMPLES 15 Tests were
- conducted on systens Installed at four sites where various oil products had

. —— e N L Y N o - v
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Top and Bottom Site Type of oil of the Well Screen

1 70% gasoline EP0383789B14.6 to 9.2 m 25

30% di esel (15 to 30 feet) 2 gasol ine bl endi ng
40 to 44. 2 ofh,eiPBIEHRBaEHIon to deplete the oxygen concentration tb Betoly $0% ahid B rhdkS the vgﬂsd non-

3 & Aabie rblfaldie4 df the oil vapor concentration. The lack%fr]ret Qle icated Ths Jriﬂcatn&n %t) 4
asphal t di legrgdtion™ t h 1. 2 to .6 m kerosene

(4 to 15 feet1)heﬂ5vrateofthérdwewtaess.ﬁmarnee&esm%&md R cBMtdnt tor@avakl dilys BelWaen each
exanpl es. Istdp,&ivn Barfipied STa® wéto ardlykddife B vapdriafd ¢0,lcbrteritadionOThe BOCTewIsIréindiMat Reafiglded
to the sit esnstant uti thelfiow vas ildredeibadDIBE Mmin (a0 SCFVY iteh it Heclived Slowlg &s showr ie Rised
by {3 ri gat i3oThe GDoand Opcncentrationswelesustéineathpbughdut sblerdlimonthedf testewwhitandivated thet bid- ed
near 10 exidsgradatipnwas hat temiperery obimitedisyl sell ieistureor nutrients. Tilze ofl tilodegradation tate wied cdlcue m
(4 in- chedgeddnassumingtheatoll was cdivarieskdirectipinto Y. Gvhighis casprvativesiice aPhgs half ofthe
used asta Pl igiinitiallynoaverfeciobiompgsh Tete) remoyal 2atews the sumedf thachipdegradation andieviapargtian

per neabl e FatesiasghownlirFiSGos. FiGy4shaws ibaf blodagredation {nareases aven aftter e W’%‘@S@Pdﬁs
gas from t FRechedasl®Ee was subsequently Incinerated. 46 The soil around
the spill had been vented for about two years to control mgration of oil
vapor s |nt m&»ﬁ)y bui | di ngs. The venti ng rate for those two years was

bel ow 0 85 [elrhel:armn di 9 SIKC) enmajalrzli tghﬁl eet nirations eagu an
In the tes 1‘V
oi | vapor) t.‘}ﬁﬁzf br %L: llllleld }ﬁg '%i.ﬂﬁz xgo %E mﬁﬁ%ﬁﬁ thi wd}&

undi | uted vent Tow ng conposition:

oil in ferr]/m n [SCFI\/] Well Flow [err] prr] vapor
Met-hane 0, 85 & 3 8. 5A) h

0% The at nns_ph_enf_%iqxlg {pin(sor I ea i nto }he gr _mﬁ_aféed

si gni ficant biodegradation. There was 7 383 7389 Bl enough

bi odegr adat i 9Pt 3b ¥EPRet e On85 0X3%en cbﬁ&entra?r%ﬁ todpt¥ow 10% 3hd to nmake
t he ventsed gas hon- fIarma I dl egs % rconcen ation. The
| ackof met h%@ﬁﬂgﬁ’&gi &@n g&(r:anti robrg g# o- a@gr adatro _Thef | ow
rate of the I rwas increased in steps and held constantforseveral
days between each 5 step, then sanples of gas were anal yzed for oil vapor
and [err] conefiew s was increpged foch: 1 m¥/mie (189 SCRM) whichhiaereasedthe hiodegradatiam At this flow

the 1o wike fhagasvaloeitywas tiohanqyahis cregle gmapsesdhof iyd oagofingand watRr dropiets weieh indieetgd
slowly as &hbifp inventien can bexdesigpad tg alsoremoyp somaliadids. o ncent r at i ons were sust ai ned
t hroughout _sever.al nonths of tests which indicated that bio- degradation
was not te%@gﬁi or limted by soil noisture or nutrients. The oil

bi odegr gdat i Oﬁr e G Lﬁl&dop rarn ng that oil was converted
direct| y I nt V%vs glde, Hnb f %/Vig ﬂ%célﬁra S Por@orltirbd. TRJforioQﬁ%

oil is ini Vd& RMET T omass rem)va rate was the sum

t he bi odegra atron and evaporation rates as showmn in FIG 4. FIG 4 shows

t hat bi odegradation increases even after the evaporation rate has reached a
\xe(t eaus Exanple 2 15 The carbon di oxide, oxygen, ﬂﬂé"k’ot al hydrocarbon
concentrations re e i n Exanple 1 and out side_the spill
area was noni immedming det WHitHe t F¥ackgPaund |83é| g‘PBF ealbRtBR Chese
conponents. TRese wWelTs were arill"ed as in Exanple L. A 30 SCFMThe

foll owi ng data yas gener d for tafy el | 20

Vel | Fl &w ' tid ) WA Y o [err Pran( SCEM
[err] [err Vapor Met hane Spill Area 0.85 (30)
11% 2  Eyaporation of shechegvy oil was negligible gyg to its low volatility. Venting at low flow rates would be in-

-effective in removing heavy, non-volatile oil spills.
FIG. 5 compares the removal rates at Sites 1, 2 and 3. FIG. 5§ shows that the process of the present in-
50  vention is useful to remove a broad range of hydrocarbon contaminants from soil and various depths. Further-
more, the oxygen and oil vapor concentrations can be controlled to safely operate outside of the explosive lim-
its.

Example 4
85
One test well was drilled into a non-porous soll (clay). The borehole has an internal diameter of 30,56 cm
[12 inches.] PVC pipe was used as a fluid impermeable lining and a PVC screen was used as a fluid permeable
lining. The clay has a water permeability of from 10-5 to 10-% cm/sec. After evacuating and testing, gas from



Backgr ound 0.85 (30) 1. 0% 18. 3% 0% 0%
(Non-Spill) The flow rate was increppass#sos®, 1 [err]/mn [180 SCFM which
i ncreased the biodegradation. At this flow 30 rate, the gas vel ocitywas

hi gh enougp,ﬁ%?,g side g,rtﬁ%,géh%th algg%&i 50l i neandwat er dr opl et swhi ch
h

i ndi cat ed nﬁ&a ﬁ% Eﬂfgjarf%&gmrﬁﬁm\( W&For quw:ﬁ

Sthe Ve
Exanpl e 3 ﬁﬁearthewellﬁ
At Site 3 pbldGssendifidhsdi OXI oxygen and t ot al hydrocar bon concentratrons

were nmogitored. The foI I ovvr ng data was col |l ected: Heavy Well Flow

Fuel in [err]/mn (SCFM [err] [err oi | vapor
Metpane 45 E 3} floy é?f sod/o ‘gq :If&;;ion 0%
2. 3% Evaporatron | [ tE !z

volatility. Venti (anc}l f"%&e‘?) JJﬁ M vi ng
heavy, feon-Gecdeatlile oil spolls. b esgldye renoval rates at Sites
1, 2 and 3“%,62 5 shows, pat the roces 4pf the gresent in- 30 vention is
useful tor a broad range of drocar on contam nants frdm soil and
vari ous dep Further- %re t heP- gkyge‘ﬁ 5hnd of | \/apor concemdtrati ons can

be control |@¢qd safely bp®rate ow.88de @)t he x@ osive limeits. Exanple
4 55 On® test vveII was dri IIed |nto a non porous sol (clay) The borehol e
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It nearthe wellhead with air. Exanples of undiluted vent gas had the

fol | ow ng her A brocdadtof bibdegradbiting hyBrotpbon® by digvily XFRR tdCediydiobdriidi Sontdminatdd izom| €d

oi | . Vaguum comprising: Fl ow [err] Bi odegradati on (inches
of water) per wedstablishiogy@bansimle ¢ijo a Hyfietartdba yontainaled 2dhe havitig dpdrdcarbon degrading mi-
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(14) 6 % fluidly connecting a soufce GhiwegatBe pressure to the borghgle; 0.71 (25)
5 0 evacugtinggasoutiof the borehole to draw®@gygen Into the hydroq@rbgigcontamingteg zone; and 5
% %0 1eijusting the flowirate ef eimap lato therhudrpaprbomeaniemivated znne torpbovadke flow rate

suf ficient|y fornpdmumbydrpesrban pvsppratien wherely s sukstantiah ameuAt oflaydiogagang arg picdegraded.
appr oxi mat Iy 17 vol une perc l.e em)n tra s the operability
of the proges Prgfest g™ v"gnGHP%rrat""o‘pn""hr?'(')e )irﬁ;letr)TPous 50 s"‘c'“&n?é%'t"r?% 'gesvﬂpt%os
hydroca3r5bons °§'0 Claims 1. A process for bi odegradatr ng hydrocar bons by
dr awi ng™ 0X $gEA prot¥edin Bcdaddakic Wil OIS 2MBrem Mie TRl Rl i€ Bdlfeen 8.85 and 7.1GIPIM (36 arlacb0
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6. Aprocess in accordance with Claim 1 wherein the flow rate is adjusted so that the amount of hydrocarbon

45 biodegradation is within 50% of the maximum.

7. Aprocess in accordance with Claim 1 further comprising adjusting the oxygen and total hydrocarbon con-
centrations in the evacuated gas to outside the explosive range.

50 8. Aprocess in accordance with Claim 7 further comprising:
establishing a fluid impermeable lining coaxially spaced and sealingly connected to the inside sur-
face of the borehole extending from the earth surface to the hydrocarbon contaminated zone; and
establishing a fluid permeable lining, coaxially spaced within the inside of the borehole, fluidly con-
nected to, and extending from, the end of the fluid impermeable lining.

9. A process in accordance with Claim 1 wherein the borehole extends into a capillary zone.

10. A process in accordance with Claim 1 wherein the borehole extends into the ground fluid.
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with Caiml further co ri sing adjusting the oxygen Extdmia@iedl obydr ocar bon
con- centrat|0n§ h@h agua ed ghkov outsFBQ t he ®igdegradatiage. 50
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and ext e€dismg4from t egend of thesf !l uizl)l npegnegbl e 1ining; 455 9. A
procdds in accordance with Caim1l wherein the borehole extends into a
rocess in accordance with Claim21 wherein the
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(1% o1l vapor) by dil ut| ng it nearthe well head with air. Exanples of
undi | ut eglaipfant 9as had the following [err] content underthe follow ng
process conditions: 5 Estimated G| Vacuum Fl ow .
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8.5% establishingta Hofshéle fAto a hydrocarbon conta]aﬁ&ted zone havmg hygroéarbon d édlr@ml-
a crobes; 5 Case 3 180 e%
% fluidly SoriGectiag slsource of negative pré&ire to the borshole; 0. 88 ( 3 1) 5 %

10 15 I n this evanyinggastdatof thedoebas b drawozyyerintoulshydrotdrbon icerdniiyatddehe; s t O
al | o# oxygen c@diusting thafiow rateedf oxygendhte thefhydrpqarbon contemiriated Zohead abwee the flowe rate.

Thi s exanplfes masimum Sydrecatbon Whmmfpm Mfamlbyiisymnﬂﬂ apouwte bpirahrbbrisard bivdegradedn on
non- por qus ,soi | s .cont m nat e% drocarbons. 20 Cains 1. A process for
b ogegr dia iy SR HEY St TG PO OB RISt ErBhe = poros
cont ami nat €4 zone, conprising: establishing a borehole into a

hydr %arﬁomﬁ&atsamce&&ﬁde WiEH Giaif 2 WhErein BNeHioR 78 Qeaw%%raaqwm Winin GoRRE S50
fluidly copeempergein Source of negative pressure to th boreho'fI

evacuating gas out of the borehole to draw oxygen into the hydrocar bon

cont am rfat édracessdn acegrdangdwith Claim 1 wherein the hydpdcanhgn dohtemihétedzoneitomptides @ xgrggon- | Nt O
t he hydr oc®®h cont ami nated zone to above the flow rate for maxi mum

hydr ocarpo evap ratlrg vvhe&leleg a substantial anount of (@/drocarbons are
bi odegrade%c;z erwg% Rice With Claigt4 whersirthe flew rateds betwges OjfA 8pd2.,mp/min (5 and 75

hydr ocar bon co BN nat ed zone conpri ses a porous

6. Aprocess in accordance with Claim 1 wherein the flow rate is adjusted so that the amount of hydrocarbon
45 biodegradation is within 50% of the maximum.

7. Aprocess in accordance with Claim 1 further comprising adjusting the oxygen and total hydrocarbon con-
centrations in the evacuated gas to outside the explosive range.

s0 8. Aprocess in accordance with Claim 7 further comprising:
establishing a fluid impermeable lining coaxially spaced and sealingly connected to the inside sur-
face of the borehole extending from the earth surface to the hydrocarbon contaminated zone; and
establishing a fluid permeable lining, coaxially spaced within the inside of the borehole, fluidly con-
nected to, and extending from, the end of the fluid impermeable lining.

9. Aprocess in accordance with Claim 1 wherein the borehole extends into a capillary zone.

10." A process in accordance with Claim 1 wherein the borehole extends into the ground fluid.
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cg;xi al | yspac 8uid sbstratialivieyal aces thehydrocarpas &onef | xedly con- nected to,
?Iﬁ _ext gndipg \fr oM, NS End w‘ﬁ{: chailtfiolwhireid surfii! 'F&%F}nﬁc{ i{glllerr}\:p?eg.’to fo 8 cone of
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an oxygen and being lagated withintha flujd permeableand impprmenblelinings and havingian externg) digmptordess
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a fluid impermeable casing sealed to the sidewall thereof from the earth’s surface to a selected depth
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55 sealingly connected to said casing for drawing air from the earth’s surface through said zone fo entrain
at least the volatile hydrocarbon components in said zone for flow into said fluid space through said fluid
permeable passageways by pumping fluld vapor from the upper end of said casing to thereby extract at
least the volatile components of said hydrocarbon material from said zone,
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20. Verfahren gemaB Anspruch 19, worin geniigend Grundfiuid entfernt wird, um das Grundfiuid im wesent-
lichen eben dber die mit Kohlenwasserstoff kontaminierte Zone zu halten.
55 .
21. Verfahren gem&R Anspruch 19, worin geniigend Grundfluid entfernt wird, um einen Entnahmetrichter in
dem Grundfluid zu erzeugen.

12



stromungsm Bl ges Anschli el en einer Unterdruckquelle an die f

undur chi | ssi ge Ei nfassung; 40 EPV3RIT89B4N von Gas von demllm "ﬂ"ﬁlﬂ]ﬂl"l ” l“l

dur chl assi gen Ei nfassung um Sauesatoff In die mt Kohl enwasser- St off "

kont ami ni ep3 evefahien Snal WadpRIR 19, woitiie Wiiikd) S? ERtRPnuni 4R 'Ghirdfidids eine Pumpe umfassen.

Gesant wohi enwasser stof f-, und Kohl endi oxi dgehal ts des evakui erten Ga- ses;

und Ei nst eR$.eYerfden ﬁnﬁ&gwmoﬂ%wuﬁh djPunipe &b pdgenzthe van demiBddenides Bélielnche aigabracht

bi ol ogi schem isindsirdmongsialid anreina Bohrieitng angbéchiossaristdid von 864 Punmiperzu derkrdobdritiche

bl ol ogi schen Rortundrwabei die Rahrisiing sighianedhalbdianfiiniitidg Rerbhidspigengind undurdhiddaibendsinfage r

Sauerst of f - uPHIgaDbstindetiundainen arfonasitigendiurchmesseriver wanigenals derpianenasitigepjBurchmesser

expl@si ven Be#%ﬁ&ﬂﬁ'dewh'éﬁfdﬂaﬂm#@mnﬁhﬁﬁ“maimmferner unf assend di e

vor{ anr on TS SRRl d o ol 4 etﬁa.éeJ 3 i s 12

Ver f ahr en ge”ge eiln CII; sl Q§|PJ9H§ obl‘?; e inierte

Ei nrichtung vgle cﬁl‘pom | @rﬁgnaépn

dem Boden desg hhar f ﬁne ahl, }éh Bo

gemaBAnspr UChdeLQen SUWJnWQndCHB ﬁh%f‘%rﬁ:&m , die SWik éh@ﬁﬁlin\’\hﬁl nW?G\ m&umﬁﬁ uid

i mwesent - | 'Eﬁ&@d&bﬁﬂa@ﬁguﬁd&r%ﬁeb ¢ SERERIBH Rb1S kaMinfunisiereh A BihRhiufged e ZU

hal ten. 55 21lpun\Rh iohEas, die@BdithBnd\arsdi Uthitanieilng m&&ﬂo&&i&ﬂﬁmﬁuﬁwﬁ\&ﬁ-tub&ma—

entfernf® wir dchedtfcidis ®dhe ﬁfﬂeﬁéhhdm%ﬁﬁs&hsdlﬂliﬁﬁiﬁbﬁoﬂﬁﬁdss&%fﬂ(bm@h&ﬁdgﬂﬁrhl2

* C L M néxdurch Pdmpen Vo Fiddiampr voie Bberdn EADS Rk Uantéung wini FilRREH darchvidie Fae Fluide) r

Ent f er nung deduréBigssigbiViethindigevepein BanRuidrauntnatigeriasean waiden, Wadufch werdgstens die flichtigen

gemai 3Anspr uckenip@nentep desKotilermvabsergtafimaterialks der T exiahiegdaverdBuden des Bohri ochs

al{;braﬁht | swobgttids Yerfabrnumfe®ta~i g an si ne Rohrl ei t ung angeschl ossen !at,
diYe“von der PEnfphen der Pumpgesaniindighel deslviddanpfs durch die Ummentelungdongdobleontaniinisrten Zo-

Rohr | ei t ung sfedheineriengeund ineinem Agsmap) di ausreigh dierfireduldion von Kahendignd) indem vensder gen

Ei nfas- sungeff™ E‘!SB‘P\%I@P“ E!Hﬂ“a&?fr?@ﬁ“ BIEPIE?TE@?"PH'QB@?P °B€I‘F‘€'Pm'l°§ E@Hﬂ&ﬂ‘dmﬂ? dpeialr 5

dem i nnensei t "GEH"C‘I'H“&W 9idgmindestens 1 Vo-

undur chisl assi ggﬁ gﬁssarb IEM elt sdes Kohlenwasserstoff-

i n-si tu- Dkei OH?%%@E{%?WWS f%@ﬂﬁg@;&% 47?'1% %\q“& ent hal t endem Er dboden
oder 10 NGamR' | rd 148
eine mt Kgﬁlgﬁgg ﬁmgﬁﬁﬁég@a ﬁJari'H:E?fl@ one gr Eetﬁ;@?l??ﬂ'ﬁ"%?%ad;hBohJoch
ei nschlieNt sine fir Fiuide undurchlassige Umantel ung, die von der

Er dober ¥ aeéieVérahreingesnas Anspruci 24, gronuedat Kablendioxidhehalt stanaliglibérivaditwirddur ch des
Bohr| och durchquerten Zone zu dessen Seltenwand abschl i set

Ver bi ndung %e}ﬁ!fahrﬂ'i' @"ﬁ@\n“%ﬁ? Bereasin ey HEﬁ??’P‘PFFﬂ?F%F@%W&?PQFFW“Eﬁ‘H@@S der
Ummant el ung urfb" @é’“ﬁ@'? '@’f‘d %ﬂPﬁ'Y’%‘i’i‘“‘F‘i" l?g:fﬁﬂ epschyingikeit des
Ei nri chfungen?'9egiches Abbaus d Ftofikampongnien In ey Bt?‘?&haﬁ’rf’eﬂ HintergrHogReogl® ung

angesch ossend®; e"dl?f‘r‘ﬁfﬂ?"f "°d§'r Er doberfl a- che durch die Zone zu

zi ehen, dagy! YeRhis héas Atipruch 23, \wohh didREhz4RBE0R QUARSHRhdIdKAE In'deTaGdYeIB ket Fluld-

der Zo- ne dur%fm%umgﬁmgnyb,ymﬁemmba@p Ends der Umantel ung zum
Fl'i eSen durch die far Fluids durchlassige Verbindungswege in den Fluidraum

‘ger i &S eR9.Wertianan gandi@l dnspruch\efiwgrintdierikonaBnteatiér des Kdilendjonids Kmmmnmzend bis 14

1 ShZu el Her onzenPratlon von oberhal b ei nes

Hi nt er grundpegel s der Koh- | endi oxi der zeugung I n der Zone zu fordern, wobei
di e Konzengp@ddaraudss Kohl endi oxids mindestens | Vo- 25 | umenpr ozent
betragt, genessen als Geschw ndi gkelt des bl ol ogi schen Abbaus des

Kohl enwassqr spiaédds déBiddBgradatich dhydr6darbiirabipe? BIMARRF & SiyStinb dahb BrivkBretantihilideParaies | N
der Zon&. 25. hydRedrsungse &nggn&Bﬂ‘anpruch!,M V\Drlﬁ&?ﬁe Punpgeschwi ndi gkelt
frir den Fl ul ddansfabnéesient dish tloW\ie fofagTBen Litb ZoFe lEivinbS/Ver 843 hiHrbcMbuies byaiales 30
26. Ver f ahr enmpmbighhishias gegrsabint 24 hydrdesrbutesder Kohl endi oxi dgehal t st andi g
Qberwacht wi rd. 2%tablidganieati'una ligsemiisduisment dlaneXBurce\de gressicienégative avec le trou de fo-
Kohl enwgsser stapé f gehal t und Sauer st of f gehal t des Fl ui ddanpfs im Verhaltnis zu
dem Kohl endi oxi dgléveshatiotiiugapdetmu de forage peur pspirer dp Eoxydéne dposla zehmgontininée par des
Geschwi ndi kei bydpeasbusgsgebgi schen Abbaus der Kohl enwasser st of f konponent en i n
der Zone ober hal HaH&mW%{@PIQ"rﬂJMﬁéw%‘e%‘s 'az°“°°ﬂ@!!“'!’&9m’éﬁ§ﬂy8'??%'§§a¥'ﬂ§'der
Zone ist. 28. Verfahren gem B Anspruch 24, worin die Konzentration des

Kohl endboxi ds in dem ausgel ei teten Fl ui

KohI enwasser sYadnienprozenthiewighus der Zone extrahi ert werden, wobel das

Ver f ahr en um‘ alt Er hoh n der Pu esc ndI keit des FI uI dda rch di e

Unmant el und%vYiralyes ¢ ﬁ dK\glt’f EE’Q%) Wg 'ﬁﬁ’ 'ﬁ""é‘le oh-

AusmaB, die aLﬂg "j—q’é'ff 35"’ {7 Wek'qgﬂg j9e reriVerdsmpryng BeLymesy 1\ o
m latu d

ausgel efft et en iy cfa



danpf von | Vol unenprozent bis 14 Vol umenprozent betragt. 40”lmmm‘"'ﬁmﬁmll |'
genr A Anspruch 28, worin di e Konzereprosass zed Bles Kohl endi oxi ds ; on e 1R
Vol unenprozent bis 14 Vol unenprozent betragt. 30. Verfahren gemAl Anspruch '
24, worin das ' | r JgY| %mfﬁﬂ&ﬁa .

| enwasser st of fm\éﬁ?ﬁm ?ﬂa_c egﬁ %ﬁgﬁﬁbdeﬁg%‘ﬂpggh%# c tlgkeﬁ)@gyu

I hrer Verdanpfung bel Unge- 45 bungst enperaturen und -drflcken In der
Zone auf wel2s e Rrocédé euivarit le @vdndinationh () darik leqitsl azbrbGontaniieperaigs yd@tariamnes comprend un

d' hydr ogar bur ed pgreux. aspi rati on d' oxygene dans une zone contam ni e par des

hydr ocar bures._ conprenant: i l1lltablissenent d' un trou de forage dans une
zone_cont arft n suiypatla Fryendigation 2, fapslequel e, debit est compris ety §47 piyniemies (5P 4R3P ¢

| es hydr ocar b{f/88) P RUt-ah] | ssement d' une |iaison d' ecoui enent d' une source
de pression nj ' . ' ; ded hyabadrblinds! az
du troutde f]# o] Eg’?&dééﬁﬂazﬁggﬁn@g% i)'gg' dF'EgI?% g %gnecfg%%mifgggrg relgéh)@o nt am r?grgp r%Igru gdes
hydr ocarbures ; et |"aJustenent du debit d' arriv6e d oxygbne dans |a zone
cont am nee spaProd&is shiyaoht 1acaveliitatim 42dand BRuel bébit esEE3NPriS&hte 339 et2]1 m3min (5 et 75

* C L IVFt3hgin) par puits Us du d6bit d' evaporati on nmaxi mal e des

hydrocarbures, de tells sorte qu' une quantite inportante d' hy- drocarbures
sol t bi §u6d afessdésuvantia pvesdication, f.fansilequs) la débitestaivstdde s1anidre qus 1 degkgbloddaze-
zone cont ani n8#iopdes ydracappures gttelone, 3 % du ERIPY NG un 5 sol poreux. 3.
Proc6d6 suiya ioé@s- ﬁaﬂ;kﬁg i R Zom ﬁtén%merhjuém{%ﬁ%soﬁés G4 RygRhd &t ©
0,85 et 7,1 m§ mag.cf bt s% T s ohti deva e o BRpROC S U oA,
revendi gation 1,” dans lequel |a Zzone contam n6e par des hydrocarbures
cgﬂiprend urs. 1@rocédsé suivant la fevéndiestion p,abmprenanten oltfeac 6d6 sui vant | a revendl cation
4, dans | oquel | sréblissementd’'une ganpituresimperinisableChy Tididecd distante codxiale de 1§ Surfede intérieure
ft3/mn) par puirdusiefoiege s'@endarfedele Suifacexivisel & fazonexomtaminegiarcies hydncathured ates lidissqu el
|'s debit est &lroche @vedcetiguriace intédawe il degre de bl odégra- dation des

hydr ocaebur es at t Edtablissemant dynd garnifurd nermAably au fiuidgcaspredecepxiaiement &fintdsious derausie i on
1, conpr enant faEagesntiaison d'égoyementavags ledmaitedaiagarnityra imperméabis pufyidestsiélendant depuis
hydr ocar bur es c¢48ex#itdans | e gaz 6vacu6 en dehors de la plage d' expl osion.
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sur face i nt18r Pegédé;suiwant [2Fevendication 1, comipredant bi butre fiélatlisseément desronsde forage multiples

per nbabl e au fauigpni espacss jesvrsdes auies da LhEIR miwes (5i40BM: eur du trou de forage,
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Flui do. 5o 1, Braklestipte Bveuleston 1, zopempenien ogee Rt e e sPpa A oo g ooz acus.

r evendi cat i@ ploosddHlfjark GFu\ehdidaion . QbhaCéubi UsAi ottt 0 o6 BRadipded 81 Gn point
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