WO 98/ 55240PCT/ EP98/ 03488 BEEN REMEDI ATI ON METHOD FI ELD OF THE | NVENTI ON
The invention relates to an in situ thermal desorption process for

remedi ation of volatile contam nates. SBACKGROUND TO THE | NVENTI ON _
Ther mal desorption nethods to renove volatile contam nates fromsoils in
si'tu are sWOg®sR¢d in, for exanple, U S. patents Nos. 4,BIGEBR8$0348% 076, 727,
5,152, 341, 5,190,405, 5,193,934, 5,221,827, and 105, 271;693:--Met hods of ______
appl yi ng heat include m crowave ﬂ §H M\gq,gggc el ectrical power ong
w th resistance heating between Rced ) € ti on of ﬂﬁ Ilmﬂmﬂﬁ
conduction of electricity through—t hc soti—-Condueti ve he rom
heat injection wells are 15suggested in, for exanple, -U-S._patisighs Nos
5,190, 405 and 5, 271, 693. U.S. Eatent No. 5,271, 693 suggest‘s a-heat er -wert

t hrough whi ch vapours are extr 8EVEBIFTION MEEHPBr mat i on.

general ly rely on maintenance of a | ow 20pressure at the @@ W/ Wm
vapour extra on well bore to control novenment of contam na eir
initial posimmw:@l‘b they can be recovered—Becal@opf the
relatively | argeThy eénsuaneioh f feraapisi ab ﬂﬁeﬂedslttQ gadsRafl ow of a

signi ficant 4l 4AROYESs 2RI QugflasaLl sy O Y oW hieating rates can be

appl i ed by these netho or pressure wi £ the poi nt where

vapori zed coffrmdiadesexi st sufficient to cause t_he vaporized contaninates
to npve awaypic@ERddi® Bl Tl 1Ny tbgm nated soil in directions other than
the 30 di recl‘wmvﬁgl—cont am nates is provided _ _

ermal desorption methods to remove volatile

\lJ

P

contaminates from soils in situ are suggested in, for
example, U.S. patents Nos. 4,973,811, 5,076,727,
5,152,341, 5,190,405, 5,193,934, 5,221,827, and
10 5,271,693. Methods of applying heat include microwave
and radio frequency electrical power along with
resistance heating between electrodes; injection of hot
gases, and conduction of electricity through the soil.
Conductive heat transfer from heat injection wells are
15 suggested in, for example, U.S. patents Nos. 5,190,405
and 5,271,693. U.S. patent No. 5,271,693 suggests a
heater well through which vapours are extracted from the
formation.
These methods generally rely on maintenance of a low
20 pressure at the surface or at a vapour extraction
wellbore to control movement of contaminates from their
initial position to a point where they can be recovered.
Because of the relatively large pressure differential
needed to cause flow of a significant flux of vapours
25 through soil, only low heating rates can be applied by
these methods or pressure will be created at the point
where vaporized contaminates exist sufficient to cause
the vaporized contaminates to move away from the
initially contaminated soil in directions other than the
30 direction in which removal of contaminates is provided

for. It is therefore an object of the present invention



for. It is therefore an object of the present invention TH 3 SHEET HAS
BEEN WO 98/ 55240REPLACEDPCT/ EP98/ 03488 - 2 - to provide a nethod to renove
contam nates froma contam nated soil by in situ Eatl ng wherein the

vapori zed contami nants do not noVerdowaner dAPBERt he cont am nated soil .
5SUMVARY COFOPBES2HNVENTI ON This and ot kiel.A66Pect s are acROHpPrBa¥es by a
nmet hod to renove volatile liquid ntam nates from a contam nated vol une of
earth, the contam nated vol une |ying __atQO\_/e a non-contam nated | ayer of
earth, the method 10conprising the steps of: penetrati ng the contam nated
vol ume wi th {.one e so that a well bhore _penetrates the

cont am nat ed@%o g?rildéen% m\é@}’eas oorne@“ovvvgl FRR A 5?8‘3 fhe

non- cont anmi n&eatlaminated gpplybngimesdttuf heatidme wkelrlelmr ehai t hi n t he

non- Conta”‘n@hﬁérlf@ﬁ”bont%ﬁ&Haﬁﬂ?cﬂp%o%oﬂ 0 AahGA @Y ehn U the .

t enperature of a substantial portion of e non-cont am nat edel ayer that is
conti guous WCPRERRERILAS SRithat ed | ayer i s at least the boiling point
tenperat ure gbMmaRt aor maEednvEqpicls; and applying heat fromthe wellbore
wi thin the cont 1 hat ed %ol une,. to the contam nated vol une wherein the
tenperature of th& Y §F eBPVHTnd =Fi 2ESOTR} 138 dnBY| R e HhAht of

cont ami nat ed tbi gemaiee alfdleltlaeshb@mmﬂdoaltamﬁmite&n f¥ford @€ non- cont am nat ed

| ayer that NeT¥lo t am_nated |a ut the boiling
poi nt of theggggéﬁ% am lr?:lt eéhp QP G mtgel"h(ec’r\‘/\t?eai’%ﬁ’&tgé g‘ﬁ’&? ably
vertical ly péiépgatRovehe @Qnrammmtedu Laped &ff eaxehf otaeedeﬁmacpr ovi de
forroemval ebmyapoLis gRnekabedo i tdund cbhe; fONAMARLER, f0LL L T Ough the

wel | bores. It has been surprisingly found 30t when a Tayer of soil bel ow
the cont ami ndPEH™G oYtk &t RSt etP 0"l oPERL S@ ddn favrdAbBEe cont ani nat es
bel ow t he conpbaetaated 32 konvheind el GeNLALT Hed &x i1lRkakRecsgont am nated .

vol une are v e on nove are forced toward the
surface or pgfggtﬁi%’é §, %)éaq orggef%orn cé’@gnref’?/atecg\gaggfqu?ﬁﬁbﬁ’f"EP%/ 03488

heat from the wellbore within the non-contaminated layer

15 to the non-contaminated layer until the temperature of a
substantial portion of the non-contaminated layer that is
contiguous with the contaminated layer is at least the
boiling point temperature of contaminated liquids; and
applying heat from the wellbore within the contaminated

20 volume to the contaminated volume wherein the temperature
of the contaminated volume rises to the boiling point of
contaminated liquids after a substantial portion of the
non-contaminated layer that is contiguous with the
contaminated layer is about the boiling point of the

25 contaminated liquids.

The wellbores preferably vertically penetrate the
contaminated soil and are perforated to provide for
removal of vapours generated within the contaminated soil
through the wellbores. It has been surprisingly found

30 that when a layer of soil below the contaminated volume
is heated to prevent condensation of contaminates below
the contaminated soil, when the contaminates in the
contaminated volume are vaporized, they do not move
downward, but are forced toward the surface or perforated

35 wellbores for recovery.



- 3 - DESCRI PTION OF A PREFERRED ENMBODI MENT This invention addresses
a -probl em of contai nnent of contam nants that are vaporized in thernal
renmedi ati on processes. It has been found that heating a | ayer of 5soil

bel ow the contam nation prior to elevating the tenperature of the soil to
be decont aWOorP868d0t o about the boiling point of |iquids PET/EPRS/03EHt ani nat ed
soil, effectively bl ocks novenent of vapours downward. The vol atile

contam nates which may be removed fromiQcontani nated soils by the method
of the present invention are a wide variety of contam nates. Contam nates

that are typigaldetpee88! GPIedreasRRal Shilddifpnuch as gasoline, can be

remedi at ed by eavi er hydrocarbons and
hi gher tenper at uﬁélﬁoFPYWlﬂpéﬂﬁFem%rﬁ Frobdem of scordmingleati bfzed and

renoved by theontagsaght i vent 0@, vEpérfa@JrH' ethQ?Jn%f'P&ﬁeQ:g. 84 Ri phenyl's
("PCBs"), nercur and h%?\r%a oi | s produced manuf act ur gas plants can

be removed aPVVESSEES by sprb§§8ntf°‘1"|‘ﬂ/etrﬂaﬁtoﬁeaE%f’é‘h sheaver: efiper at ures do
not rBeach 20tdre Indedak bml¢drg;a|ﬂﬁnat50mfpﬁnliﬁ’$@oﬁaléﬁé@ir§g t#at er vapour wil |
be generated ted vap ssure of the contam nate wil |
result in renov I(_aer\éggr_e&%:? SCREt B0 VRS (PP PRY BAE S % RIABEUSS CRE cam  The
wel | bor es of k{%lﬁﬂe§emti¢lﬁ/quuodscam ttee casddm2baned (rmmnt ed wel | bores

such as are Widdctedeid bhocil ovBtlat I filloisuchoslaborate vel s my not

be justified in m)st ag i cations. | oW casi ng to ensure that clean
overburden i s notfP€oNPAATH:R éif“ﬁ?m?faﬁw Ehngay epeveridvesimithe f or mat i on

may e provi ctemta»ehaatéhes@ﬂmeldybehe mé:trc&ﬁ%:f ttaetbﬁe@@&é aRvehtiBR -
borehole, it ey erforat ed qafccord to nmet hods wel known I n the oi I
t

i ndustry. Wl bor es yVBE St PREABIR S Sf-al F°BFa’ah’g?"eﬂf éekeen verti cal
and horizont adre typically consideldedt tcave b liatpaet esuél® 4he cont am nat ed

&853??5228% /Epgg?%gzgéntEEtgg%edqxggdogy aq %%@gggknfﬁégké¥gJ, QSLOW/

much heavier hydrocarbons and higher temperature boiling

15 ‘ point materials can also be volatilized and removed by
the present invention. For example, polyclorinated
biphenyls ("PCBs"), mercury, and heavy oils produced by
manufactured gas plants can be removed as vapours by the
present invention. Even where temperatures do not reach

20 the normal boiling points of these materials, water
vapour will be generated and even a limited vapour
pressure of the contaminate will result in removal of the
contaminate with sufficient amounts of steam.

The wellbores of the present invention can be cased

25 and cemented wellbores such as are utilized in the oil
industry, but such elaborate wells may not be justified
in most applications. A shallow casing to ensure that
clean overburden is not contaminated by vapours being
removed from the formation may be provided. When the

30 wellbore is cased to the bottom of the borehole, it may
be perforated according to methods well known in the oil
industry. Wellbores may be vertical, horizontal, or
angled between vertical and horizontal.

Heat can be imparted to the contaminated volume, and

35 preferably to the layer of non-contaminated soil below



- 4 - the volune of contam nated soil, by conduction fromthe well bore.

Wel | bore heaters useful for heating the well bore to provide heat for
conduction into the formation are known. For exanple, gas fired well bore
S5heaters are taught in U S. patents Nos. 2,902,270, and 3, 181, 613,

i ncor por atMa%HERH n by reference. Electrical wellbore heRGT&ERIS/83488 di scl osed
in, for exanple, U S. patent No. 5,060,287, incorporated herein by
reference. A preferred gas fired welLbpre heater is disclosed in, 10for
exanple, U S. patent No. 5,255,742, incorporated herein by reference.

Heat s appl iredl vidd ukneo € ORd A AREd VoL INTE HhY BABINCL IOk ANdpLs Preferably
applied from alel\lo\fol | bore which al so serves as a source of ‘'suction to renove

15cont ani e85 ft ai RehtPEf SsrEeEs orsalid el beating thehi s preferred

enbodi ment, weliidrzedocpréuiddiaieas a6 ddRiRkaba transpu ted from the
formation difoezt%aléio%oat hekwel I borFe for recovery without the possibility
that they are transpofrted¥8toof8F S6¥TPfred8s: haredrteldibedees 20coul d

condense, cdl&zﬁbﬁg:sanrbnta@@tstedmunsenpateédwN@E.CQngmm,egnﬁhere '
condensati o OGHUlES 3, -contamnated | ayer can optionally be
heated by inj'ecti’on” of lﬂ%‘t);-é]ﬁeruﬁ %s'a ggﬁﬁl%sb%tréegﬁ]re Sﬁbuir}ieé‘r%rd&%s, or

heat ed nit r JRLPOISABCARRES jareqgisriesed ithe fogi kxample) &.general | y happens

until vapourpdtergener,atpds®y2de ihestpot : i re |ight
vol atil e con%onegts (?mal'yz i ne %? ngt%éc?glgggghgﬁg’t e&fﬁ?ﬁc?ﬁg poi nt of

or boilin _ _
wat er), such® &S §§5ggn8‘j‘stfh’e‘e\5’aﬁ634 oreihqatery igedbsatesedriinl 30cont ai n
relldtivel y high exampént rats onmtehtcnat asy 268,932, Heayb Sioiilqani nates wil |

be vaporized,as. ;S §3M,| enerated fromwater present in the soil due to
t he vapour pr eSS Ur e§g}rg??1’ge£ceedvy contam nates in the steam The |ower the

pressure can be Hegitndai apell iqd ttiee tBE coontteamiimatted solume tdie hi gher the -
concentrati otorfudti®n, - ard -1 1AL L9 AN AN ![fgog‘nhg ‘%/ealpl%uorrevm Il be, thus,

| ess heat will need to be injected to vaporize the contam nates. If the
cont ani nat es" e i SEPPYRS ViR I? RabPEFe ehawcdieantei rémdue generat ed at

abdlit the. botdritegipaicet cohtamiion dhpshhe MRS Tueewdl fkbfe thesoil at that
poi nt. Conta%ﬂfgﬂﬂ¥%ferred embodiment, vaporized contaminates are

therefore transported from the formation directly to the

wellbore for recovery without the possibility that they

are transported to cooler soil where the contaminates

20 could condense, causing an increased concentration of
contaminates where condensation occurs.

The non-contaminated layer can optionally be heated
by injection of hot fluids such as steam, combustion
gases, or heated nitrogen.

25 As heat is applied to the soil, little generally
happens until vapour is generated by the heat. If the
contaminates are light volatile components (normal
boiling points less than the boiling point of water),
such as gasoline, the vapours initially generated will

30 contain relatively high concentrations of contaminates.
Heavier contaminates will be vaporized as steam is
generated from water present in the soil due to the
vapour pressure of the heavy contaminates in the steam.
The lower the pressure can be maintained in the

35 contaminated soil, the higher the concentration of the



soil can be heated prior to the non-contam nated | ayer reaching a
tenperature of the boiling point of contam nated |iquids, but the
tenperature of the contam nated vol unme should remain bel ow the boiling
poi nt 10of the liquids in the contam nated zone in order to prevent

vapori zat i W@ 8afd0t her ef ore novenent) of contam nates pr PEF/EP%/08488 | ayer of
non- cont am nated soil reaching such a tenperature. Wells according to the
present invention can be 15horizontal- gr_vertical wells. Vertical wells
preferably extend through the contam nated volune and into a

non- cont am nak8dy | eari®lhgwst § t val u The, dept el ow t he
cont am nat ed voI ﬁme | sa selaec?edﬁc%%;f‘%?opggﬁglhl Cﬂd,_ gt%gn(s:é b%ﬁébﬁ?qx he well s.
Typical Iy, ¥81apBRR9 difebenipdested o drepPahee tiet woohanimatved s wil |

provi de suffirgi ené swldaranatbel ove tﬂr@u%@%@&‘@ﬁrﬁ%raﬁ:@rpr@l‘{nxg dr.fe(?ar heat
ment of the

injection to tt_ﬂf gon- cont a m.nat e %?‘H‘H‘y a In.a preferred e

present invention c tHe ke Fg pF o &heoRatt 1ng ripgnefi vatsmFsri zed
mat ePi al 25f rbm phessuwrematitbnn el mlaaltoe&it Boin®r, t BenbaR fted A
negative preggyiecis gy ¢k %E@B'Br#&! WI t h| t he ﬁage{%to evacuat e

the contamninants fromthe soil er netendl g‘l&i ©vided in each
casi ng, one KPERPHPY He ‘CHREAATREE f \Fc.hleuhelhlm ccman\m pfiin the | ayer 30bel ow

the contani nabadarygiauf& 1higat gs, %W%St&%ﬁdﬁ[&\éed% hegl through the
cont am nat ed voI uneg and can opt| onally extend into t e non- cont am nat ed

| ayer bel ow CRE*¥BHRaRAHICLHMG ofheld @SPREAPSIOW £hecbohdiimeam@mtel ement

canlfrovi de béathé nlid‘iﬂdBOlihl ©Re OforithiniBLE8Os She3TReLeWe L e, cONt am nat ed
vol une. One Eggg teJ% rlza ouI d r\ép 8/ 59240PCT/ EP98/ 03488 - 6 - be
provi ded i f 881 glRRf (FOeFrOOTAYeTEPE! RABat rel ease
(typical |l y akentamDustas @rheattqaetheumatyelrengtxkt)n-lmlnm\a/mﬁhew@rﬁc&m nat ed

vol ume so thabagniSfMeiat W eefibe e the boiling point of the liquids in
Sthe | ayer below the contam na ed VO urre is reached in the contam nated

vol ume prior to Y&kl @cCerpénrat te £hseipfgserbicineentionheanope anmi nat ed

vol usre. Thi S hBRYz &t £IC GHTREershesh lWeJIQJSOVI dbpgiéhiNGRALES BLEFERILNAVI NG
different el emgnt di arretE{%RSFor exa, a nicrone wire 10heat| ng el enent

coul d be used: WS vERRyEam aéfdcﬁ?h‘ﬂ’%ﬁr@t"é’r ipfot ReNnt ani nat ed
zone, -and a @oasammameairrdtagem beldie thencoabhmiRdiedoiane. |thds preferred .

that separ at geBeat BL 5o R QY| c rovi di n ch difference in heat
f1 ux throughoSP he Temedi afql}%ggrgv\blpﬁ%cf%u%%leme 18 28l
_ con51der1ng the distance between the wells. Typically,

20 about one third of the distance between the wells will
provide sufficient wellbore below the contaminates to
provide for heat injection to the non-contaminated layer.

In a preferred embodiment of the present invention, the
wells provide a conduit for removing vaporized material

25 from the formation, and as a location for the heaters. A
negative pressure is preferably maintained within the
casing to evacuate the contaminants from the soil. Two
heater elements can be provided in each casing, one
within the contaminated volume and one within the layer

30 below the contaminated volume. Heater elements can
provide heat through the contaminated volume and can
optionally extend into the non-contaminated layer below
the contaminated volume. Optionally, a second heater
element can provide heat in the portion of the wellbore

35 below the contaminated volume. One heater element could



15no0t be energy efficient, and could significantly limt heat flux into the
contam nated regi on because of casing tenperature |limtations. Al so, when
separate heaters are utilized, the heater in the |ayer bel ow the

contam nated zone could be turned on first, and then turned off at 20l east
a‘portion Wo%A®R4 i ne the other heater is utilized to reHOUEPBOEBYY COStS.
The casing could be insulated in the overburden, or could be equipped with
addi tional heaters to ensure that contgminants fromthe vapours do not
condense in the casi ng 25EI ectrical resistance heaters are di scussed, but

ot her heateryLy. vi.de El ecirical heaters are
conveni ent tggcgﬁcﬁo g Egga%geérpet ey Sd geﬁlo?ner §3i PEY L% §FRAESKi thin t he

casi ng, |eavhagt nb?JeeaﬁGorfﬁ'Blﬂcﬂhwa@bUVap@%urrson‘er teathpeeomi s nat ed soil .

30Addi ti onal léﬁétmrk%iomﬁhgpé’éhﬂé?nm'ﬁﬁﬁtv@ﬁﬁﬁe ald (f,g, r gnoVe vapours are
preferably provided in sail_ surround maﬁt e contam nate volunme in order to

ensure that COPREM HRCeSTIBPABE ThY ®oddapafpPoimt Ied thet Lagwidsdmt ani nat ed

vol usre. WO QBé5£§¥KHDGEHEQ98ﬁQ3£&HEamlﬂated volﬁH@elgogEﬁghQ@Ifﬁiﬁﬂy une is
e soil is to be heated to the

shown as und h an over bur den,
surface, i nsg%gfi‘?}%nnagtaer? l‘)’gip’r’"%\ﬁ’ﬂ‘eod: gﬁoﬁgdﬁhae LENPRIBEUTRPYING , if the
cont ani nat edr¢athed igxttbrdsorbamigmtedheol bmsur frnde, may Boul d be beneficial

to provide a g SR oV rf revent excessive amounts of
air from bei ﬁg Iled intg ?E%H(F:kglr@gm ﬁggté%ipv&leme taRavind prevent escape of

cont am nat edd¥& %{ﬁrst e eMRBt ad hamgiiease. For téwampdiet ami nateche/otitee ext ends

to 1he surfareatsuy faAmeh@eah Bd HC Atsled, b@h@é’ﬂén@%‘é ﬂQQH( heat fromthe.
surf ace. %{?pour ar e referably rempved t hr oug Bor es ext endi ng

into the confanfnat & 8\9‘8 ma’ffbet é‘§€m€/3%'6‘iﬁ‘ sz%n gRenap@-2¢ el ed to
remove cont adiametesr by mbehods-dormaminatblezend. RQr 16Xpapf&rrddrer mal

oxi di zers ca id 0_oxi di ze t e.contam nates, and then the
remai ni ng vagg%}? S’L%%\r{ﬁ cgg?{a 3 e 52 SR AT UG USEr BERVHEHRT t31 %0l | ect

remai ni ng coft&Re¥RNfRSs lanbeor fhex cXirgaghout priodueiedobtite waridani nants. A
ol over will gedesaldier Brevidad | anibohal N Adiey aRsgl Ui gy essure

20wi thin the wel | pore and fornation. Lower pressures are T pen JTl ci al because
| ower pressuF@g dEbPRdSE o fBe t SPRfamingted Begim dlecauser ofinehTionet ami nat es

are vapori zedeipetdt:ontiait 86l &tk SO0AlsoPURRE O NFRNAALE RESSSHY 652l SO
prevent VapOHE§lIEQ¥1Q%%aR E‘EJ'P%eZ ggggs %LFthe contaminated
zone could be turned on first, and then turned off at

20 least a portion of the time the other heater is utilized
to reduce energy costs. The casing could be insulated in
the overburden, or could be equipped with additional
heaters to ensure that contaminants from the vapours do
not condense in the casing.

25 Electrical resistance heaters are discussed, but
other heater types could also be provided. Electrical
heaters are convenient to control and because they do not
require flowlines within the casing, leaving more room

~for flow of vapours from the contaminated soil.

30 - Additional wellbores equipped to insert heat and to
remove vapours are preferably provided in soil
surrounding the contaminated volume in order to ensure

that contaminates do not move away from the initially

contaminated volume.



Patterns of heater and suction wells are preferably provided to provide
uni form heat to the contam nates soil, and reduce tine required to finish
renedi ati on of the contam nated soil. Triangular or square patterns may
30conveni ently be provided. D stance between wells in square or triangular
patterns cWAI8524¢ or exanple, 0.9 to 6 m This rel ativel PCUERSS®@348paci ng i s

pref erabl e because heat transfer by conduction through the soil is
relatively slow. W98/ 55240PCT/ EP98/ 03488 - 8 - In a simlar manner,
if a layer of non-contam nated soil |ies above the contam nated vol une,

extra heat coul aNR ve .the contam nated vol une as wel| as bel ow
t he cont ani nat egm{;/)";(;l uneah'?fﬁflge‘gx LEMGe AT TN H&SaPpArERESER R a separ at e
heater or fr@Htheardery dlusnéfit shalesiigned to lpy dldadedgeeaties heat release in
the |ayer of spepac&Ontraih I h onta nat ed_soi | The
pattern of heat er - suct ongaé ?s"s%{ré) e?géﬁ/&eeait 6y ghgt SYREASRer i phery of

t he cont ani n5PEEN®HI 1LE the cpreaninatiedyweliyes cnmielnelscontmmaﬂed vol une,
thissring suseefsed ngd f&@umarb@wdéﬂElsbet&%&fnd@aBedagg&{ |

preferably heated to abqut the boiling point “of ur ds r|ng prior
to heating tR&° LoMSMUTAeEs UBIRARY SRS aBBYESHYR aB@IUPFﬁgoboam fofomt he
liquids in theing ISddridartnnat eite \intaRindté@rvalunéehyd t8H6 AN nati on

coul d be | at gggélgé/ SO ftgﬁgn?é/ a %!gﬁra?rguc%s met ahssheel ing driven into

the ground or barriers of cemen SFMPRP F?owItfr hes.
EXAMPLE ZOTHEHFW%'C@N"C@Oéflmhe@tnemgisatoonmamwrsﬁa@d ssui:fi(f@m bel ow t he
cont@ni nat edns@iérd cAAMDBSL AL Ehidd aﬁp%?nﬁeaﬂ?‘%%& et QL [4m, wi-th wet
sand | oaded in cl ean bottom | ayer, ayer conet ains varying

anounts of oil o aR/ﬁ"rﬁser%FeEﬁef?ﬁbrﬂll rg@cPV%@'Ifdtr@)JgﬂmWeShweés a contam nate

such as a P%tgmr@tﬂmb 3Rk €M Al nh8eADY &1 HRNS @nkhaRe Y&t £ tends to
si nk through ép Q@; . trggtg paratus consisted of a 7.6 cm i nS| e
di anet er, ong giass o’f%rﬁ?moﬂevﬁ‘éﬁfﬁﬁ‘mt& B¥ BRERPAON the top. A

sl i ght vacuul‘rﬂ?‘albom theSargm ofo3(asampily, Walse 1me INtoxiiBede 8t ddip HeOIO of the
col usm in orgebvided to oxidize the contaminates, and then the
remaining vapour stream could be passed through carbon:
beds to collect remaining contaminants and/or the
oxidation products of the contaminants. A blower will
generally be provided to maintain a low absolute pressure |
- 20 within the wellbore and formation. Lower pressures are
beneficial because lower pressures decrease the
temperatures at which water and contaminates are
vaporized in the contaminated soil. Subatomspheric
pressures also prevent vapours from escaping to the
25 atmosphere.

Patterns of heater and suction wells are preferably
provided to provide uniform heat to the contaminates
soil,'and reduce time required to finish remediation of
the contaminated soil. Triangular or square patterns may

30 conveniently be provided. Distance between wells in
square or triangular patterns can be, for example, 0.9 to
6 m. This relatively close spacing is preferable because
heat transfer by conduction through the soil is

relatively slow.



to renove vaporized oil of wintergreen. Heat was applied by w apping
fl.exi bl e heaters around the outside of the glass, wapping 3.2 cmthick

i nsul ation around the heaters. The heaters used were 17 ohmresi stance
35heaters, 43 cmwide by 30.5 cmtall, and are available WD

98/ 55240PCWOEPS#A03488 - 9 - from M nco Products Inc., oPCHERRSOMES Texas,
USA. One heater was w apped around the section containing the oil of

W ntergreen, and another heater was w gpped around the bottom section of
the columm. In the exanples of the 5present invention, the bottom heater

was turned on figgta ﬁ&qltaﬁemagﬂeﬁeatfer mﬁﬁe}‘%f‘% P:Pﬁfc%x%{né g Lenperature

of the clean sand reached the boiling point of th W N ergreen I n
conparative ERAApIELS ABEVE3 theheonmmisRtRdarvelunems exsraubeat doulshch

exanpl e, cleade spplia@abbiel @ﬁedcd)r&atrﬂ%al@e&t%rixﬂﬁg tLsORePt L0 fss col um
and anot her Qgrtl on,_of, sa?fg f\'}%@s ed with oil of wntergreen and placed on

top of the cl8Sn°ARYLIEE cdPtPnERET /Mt 1938 Penperkiast e of the
sand3r eached fabous SEPrG et Iheatetwm ﬂm@m hbemrcg)oell%dxen@@ddébﬁgmcent ration

150f oi |l of Wonbes9l&EN A ke d bottam determ ned.
The Tabl e SUITTYB.IE’)I zes thrbe K: é:sg ?gﬂc}?’:t eélsexarrp esr}fyfﬁ Sgd "®¥hpar ati ve

exanpl es Cl - E3NTIRENIHRY iSSH LopPorrihenconsanhea et et .wei ght oi | of

wintergreen in t’m&!etmt%QnCBEZQQQtéJT%u%QEHH“welTﬂe pfz‘e’i%E 592 oi |
concentration_is %he oil content of a sa fromthe top Section of the

colum after f‘ﬁgn dP G PRESPIRE &Ff t ea%%‘ﬁanﬂa@t@d aadilt hen cool ed.
Thelfinal oi Likentkatlofert belbat tioin cnthhens0b4NTb kel NenIBXE YN O |
concentration %9 ‘gdjf‘ﬁ%t he 23botfom sec s ttéon of the colum after the col um
had been heafé iSoBFEEPheTY Schiopfarinate@n¥olipe tenperature
within the corefaraibbe hsadadi ky apwud tthieebbmlimg\g)qdmtnbfoimf@icﬁ was

eached, andsbhenat Fiqetieanel alatinly kabMEoNEhiaNas F0YaROTI Zo0. The

tenperature ;tﬂgen rose steadily agal n_unti pol PRt of Y he oi | of

wi nt er green RRSVEeHRHRPIERG PABRE rdihsedigends am tlhlmll the oil of
W ntLérgreen weatemsedtddlvofuhapor Azetknadidel PENHd UG aRYALPion

could be laterally contained by barriers such as metal
sheeling driven into the ground or barriers of cement or
slurry poured in narrow trenches.
EXAMPLE

20 The importance of heating a contaminated soil from
below the contaminated soil is demonstrated in a sand-
packed glass column, with wet sand loaded in a clean
bottom layer, and a top layer that contains varying
amounts of oil of wintergreen (methyl salicylate) to

25 model a contaminate such as a PCB. The methyl salicylate
is more dense than water and tends to sink through the
water. The apparatus consisted of a 7.6 cm inside
diameter, 91.5 cm long glass column. A vacuum could be
drawn on the top. A slight vacuum (about 2.54 cm of

30 water) was maintained at the top of the column in order
to remove vaporized oil of wintergreen. Heat was applied
by wrapping flexible heaters around the outside of the
glass, wrapping 3.2 cm thick insulation around the
heaters. The heaters used were 17 ohm resistance

35 heaters, 43 cm wide by 30.5 cm tall, and are available
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TABLE EXAMPLE NO. INITIAL OL ppmW . FINAL TOP O L CONT. ppm W.

FI.NAL BOTTOM O L CONT. ppmW. 1 20,000 0 0 2 39,900 10 10 3 10,000 10

10

15

20

25

30

WO 98/55240 PCT/EP98/03488

- g -

from Minco Products Inc., of Houston, Texas, USA. One
heater was wrapped around the section containing the oil
of wintergreen, and another heater was wrapped around the
bottom section of the column. In the examples of the
present invention, the bottom heater was turned on first,
and the top heater was turned on after the temperature of
the clean sand reached the boiling point of the oil of
wintergreen. In comparative examples, Cl-C3, the bottom
heater was not used. In each example, clean sand was
placed in the bottom portion of the glass column and
another portion of sand was mixed with oil of wintergreen
and placed on top of the clean sand. Heating was
continued until the temperature of the sand reached about
250 °C, the column was then cooled, and the concentration
of oil of wintergreen in the sand at the top and bottom
determined.

The Table summarizes the results of the examples 1-10
and comparative examples C1-C3. The initial oil content
is the percent weight o0il of wintergreen in the top 20 cm
of the column. The final top oil concentration is the
0oil content of a sample from the top section of the
column after the top section was heated to about 250 °c,
and then cooled. The final oil content of the bottom of
the column is the maximum oil concentration found in the
bottom section of the column after the column had been
heated and then cooled.

In each of the runs, the temperature within the
column rose steadily until the boiling point of water was
reached, and then remained constant until the water was
vaporized. The temperature then rose Steadily again
until the boiling point of the o0il of wintergreen was
reached, and then remained constant until the oil of

wintergreen was essentially vaporized, and then rising

again.



0 A 20,000 330 200 C2 29,900 0 3,230 C3 39,800 20 8,940 In the
canparative exanples C, C2, and C3, the higher the initial oil
concentration in the top section, the nore contam nate condenses into the

| ower cl ean sand. In the exanples where the bottom section is heated first,
(exanpl es Wo93/552ahd 3) virtually no oil condenses in thePCDRRIS/OBBRAN sand.
PART OF THI S SHEET HAS BEEN REPLACED CLAIMS 1. A nethod to renove
volatile liquid contam nates from a _cqgtam nated vol une of earth, the
contam nat ed vol unme |ying above a non-contam nated | ayer of earth, the

met hod conprising the steps of: 5pengiggting the contaminated volume wth
at | east one wellbore so that a well bore penetrates the contam nated vol une
and at | east one well bore penetrates the non-contam nated | ayer; applying

heat from t e BRAMPLE € WINDT IR IBX I PIFINAL TOP FINAL
NO. ppm Wt. OIL CONT. | BOTTOM OIL
ppm Wt. CONT.
Ppm Wt.
1 20,000 0 0
2 39,900 10 10
3 10,000 10 0
c1 20,000 330 200
c2 29,900 0 3,230
c3 39,800 20 8,940

In the comparative examples Cl, C2, and C3, the
higher the initial oil concentration in the top section,
the more contaminate condenses into the lower clean sand.
In the examples where the bottom section is heated first,

5 (examples 1, 2, and 3) virtually no oil condenses in the
lower clean sand.



10contam nated | ayer to the non-contam nated |ayer until the tenperature of
a substantial portion of the non-contam nated |ayer that is contiguous with
the contam nated | ayer is at |east the boiling point tenperature of

contam nated |iquids; and 15applying heat fromthe wellbore within the

cont am natwo/s2ée to t he contam nated vol unme wherei n t heT/EEspaBsat ure of
the contam nated volune rises to the boiling point of contam nated |i quids
after a substantial portion of the non-contam nated |ayer that is
contiguous 20with the contam nated | ayer is about the boiling point of the
contam nated liquids. 2. The nethod 8f claim1l fufeharorCTNPSHEST MRS BEEN 4t ep
of renoving vaporized contam nates fromthe contany retladevol une t hrough jat

| east one suction well bore wherein a 25subat nosphertTpressure 1s

mai ntai ned within the suction wel Ebbra I M S The nethod of claim2 wherein
the suction wellbore is also a wellbore fromwhich heat is applied to the
cont am nat ed vqu 4 The met ho g%cﬁ cl.aim 1 wherein at |east one

wel | bor e penetrgtes P e conemovﬁaY% Voiurd Whd EXR AL AeEEER WO

98/ 55240PCT/£ER%8/a8488t ed 1® Iumeont asa it e d heokuftah Dn{they w@muﬁ@ntanlnated

| ayer. 5. T o] 1] tyern, of Sy | on ter
layer. S arlgagggrgpede b RAIBTaRL el 3 B3 BET Do 0f ) SUGLY pazheger -
wel | bores witHHIPF 158RE b%%t%ﬁQPﬁaPé separ at ed by about 0.9 to about 6 m 7.

The snet hod of clpahmam@g & CBacahidAaY v%@amw*aweﬁ H%Q@U&éé ng the
non- contanlnagﬁgflay 1S an egﬁentlally hori zont a bore . The

met hod of cl'al 8PelBat e Yol lPRLR PRt rates the contaminated

volume and at least one wellbore penetrates the non-

contaminated layer;
applying heat from the wellbore within the non-

10 contaminated layer to the non-contaminated layer until
the temperature of a substantial portion of the non-
contaminated layer that is contiguous with the
contaminated layer is at least the boiling point
temperature of contaminated liquids; and

15 applying heat from the wellbore within the
contaminated volume to the contaminated volume wherein
the temperature of the contaminated volume rises to the
boiling point of contaminated liquids after a substantial
portion of the non-contaminated layer that is contiguous

20 with the contaminated layer is about the boiling point of
the contaminated liquids.

2. The method of claim 1 further comprising the step of
removing vaporized contaminates from the contaminated
volume through at least one suction wellbore wherein a

25 subatmospheric pressure is maintained within the suction
wellbore.

3. The method of claim.2 wherein the suction wellbore is
also a wellbore from which heat is applied to the
contaminated volume.

30 4. The method of claim 1 wherein at least one wellbore

penetrates the contaminated volume and extends from the



10wel | bore penetrating the non-contam nated | ayer is an essentially
vertical wellbore which also penetrated the contam nated vol ure. 9.
The nethod of claim 1 wherein heat is applied to the non-contam nated | ayer
fromthe well bore within the non-15contam nated | ayer. 10. The nethod of
cl-aim 1 whepdB/ss28the cont ami nated vol unme is bel ow non- coNPEIERYANIUES ear t h
~and further conprising the step of rising the tenperature of the
non-contani nated earth above the contafgpnated volune to a 20tenperature
that is above the normal boiling point of the contanminated liquids prior to

heating the comeuinated VOLHE toorhbendRldml-ROLLLOY PYAL Of he

contam nated |liquids. 11. The nethod er el 1 heat is applied to
t he 25cont anihat é['a‘eVBFE%deﬁﬁj C’c]-l'?émnénméﬁ}'rﬁlalnﬁna@éﬁﬁ!ay%ﬁ sfacgdran el ectri cal
heating el emtidatdrh@eehB6t&s Gale @Q@?iagdelgnenz e?Lendlrgbthrougthgethe
wel | bore wit hj cont am nat volLune and into e we ore w

non- cont am na ed%&y@?gg?%e ":Cg&lfnl 2arReRE fYcere kPRI Seiwighana wi re

havi fg a greatler meitdeehearsi ddparatthd bprdouthat edey odwe®: téhan t he

non- Contan]naiedfh%yﬁethod of claim 1 wherein the at least one

wellbore penetrating the non-contaminated layer is an
essentially horizontal wellbore.
8. The method of claim 1 wherein the at least one

10 wellbore penetrating the non-contaminated layer is an-
essentially vertical wellbore which also penetrated the
contaminated volume.
9. The method of claim 1 wherein heat is applied to the
non-contaminated layer from the wellbore within the non-

15 contaminated layer. '
10. The method of claim 1 wherein the contaminated volume
is below non-contaminated earth, and further compr151ng
the step of rising the temperature of the non-
contaminated earth above the contaminated volume to a

20 temperature that is above the normal boiling point of the
contaminated liquids prior to heating the contaminated
volume to the normal boiling point of the contaminated
liquids.
11. The method of claim 8 wherein heat is applied to the

25 contaminated volume and the non-contaminated layer from
an electrical heating element, the electrical heating
element extending through the wellbore within the
contaminated volume and into the wellbore within the non-
contaminated layer, the electrical heating element being

30 a wire having a greater diameter within the contaminated

volume than the non-contaminated layer.



