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IN SITU DEEP REMEDIATION INJECTION SYSTEM & METHOD



of contam nated soil and ground water by progressive penetration both
vertically and horizontally in contam nated soil and ground water using

bi ol ogi cal s under high pressure and | ow volune with the systemof this
invention in conjunction with the nethods of this invention.

BACKGROUND VEFIS9H0| NVENT| ON The prior arts use oFCHP¥8§®2als for
soil and water renediation is well devel oped but their nmeans of delivery
vari ed wi dely. For exanple sonme applications have used | arge boring devices
to drill holes in the contam na | t casing into the hole but

| eave the hole open at the bott%@nipﬁ‘eblc\gl&éaﬁhe treatment biol ogicals for

bi ol ogi cal renediation. This type of renediation is a very expensive system
and very cu SRRt £ j i SodiatPs .
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|| ed hol es and set casl ng reqU|red_Iar%F drilling
equi penifte BYSIeR eLthisiaventionJa capiungtion yith the methods 9fithis nWeRlioBnent to set the
pi pe in the holes. Yet another problemw th the |arge bore hole
bi ol ogi cal approach is that it requires open ground and no structure
overhead so that a drilling machine can be brought in to drill the hole.
Thus in these type appli calBAOKGROUNDORTHEINVENIIONMs in the way it woul d
have to be renoved in order to drill the hole and set the casing. This

| arge bore hol e biol ogi cal approach could not therefore be used under sl abs
or foundat i onBhegrionateusenf biolagicals fenesil and watgt remiediatiomiswell develapied byt theict ur e.
There h V he ' : R SeviResn
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Also the prior art using the drilled holes and set casing required large drilling equipment to
make the holes and targe pipe handiing equipment to set the pipe in the holes.

Yet another problem with the large bore hole biological approach is that it requires opeh
ground and no structure overhead so that a driliing machine can be brought in to drilf the hole.
Thus in these type applications if any structure was in the way it would have to be removed in order
to drill the hole and set the casing. This {arge bore hole biological approach couid not therefore
be used under slabs or foundations or under storage tanks without the removal of the structure.

There have even been cases where high pressure gas and oxygen have been added to the
set casing hole to help drive the biologicals out into the surrounding soil to effect treatment. in
some cases this approach using high pressure and large volumes has caused the contaminates
to migrate and only spread the contaminates to other areas. The very concept of treatment relied
upon migration to effect the bioremediation from it injection source. Also if and when high
pressure was applied to the bore holes there has been a tendency to over pressure near the hole



and have under pressure occur further out fromthe hole, again relying on
the passive mgration to adjust the inbal ance. I n sone cases the
prior art has provided trenches or drilled in collection lines at the
bottom of t arri nated areas to collect the contam nag@gusdhmssen to
these drille Iectlon lines for the purpose of collecting the driven
contam nate for above ground treatnent and reinjection back into the ground
after treatnent. Also in the prior art are nmany other forns of
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only clean e process. This has been a very expensive process
for renediation and cost is a very inportant factor in the renediation
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except in the case of a rech rement of doul tam nat ed
soi | . whnle the soil is being removed and moved to the ingjnepatiprssiterf qquoptmuEN-pug{pe contro!

It is theadusjcostito fie gridess alByention to provide an in-situ soil and ground
wat er deep Injection renediation systemfor the renmedi ati on of contam nated
soil and ground water with out disturbing .

3 Yet other prior art has used biologicals instead of incineration of the hauled off dirt at a

remote treatment site in a controlled above ground treatment of the contaminated soil. This
approach has many poliution problems such as possible water pollution and air pollution, and is
also very expensive. It clearly means handling the soil twice , once on removal and once on
completed treatment, just as incineration does,.

Most of the prior art was and is designed and used in solo applications and does not work
with the other remediation techniques. For example the removal of contaminated soils to a
treatment site for bicremediation of soil would not generally work with or in conjunction with the
bored hole and casing approach of bioremediation except in the case of a requirement of double
treatment of the contaminated soil.

OBJECTS OF THE INVENTION

It is the object of this invention to provide an in-situ soil and ground water deep injection
remediation system for the remediation of contaminated soil and ground water with out disturbing
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A further object is to provide a renediation systemwhich is easy to handle

and is accurate in its delivery of the biologicals both asmrt{&sw‘%q{_li on and
as to conceWO989%’¢hs, and can provide fine adjustnents to’t eat ment

process for superior renediation results. It is also an object of
this invention to devel op a system which nay be used by itself or in

conj unctbgg?,mg%cgtang fcgmiaﬁ&élfﬂeip%ﬁmé gues to enhance the overall

treat nen amna "Also it is an object of this
I nvention to provide a treatnent system which provides a delivery of high

pressure gas QpgnhddBjseds taomvﬂ@a ﬁ‘ﬂYéd)éﬁéd’%&Mnéﬂ\éha%ﬁ@h&% S0 8Gme N the,
soil are not driven out in er areas or sprea ration.
Yet anotifdp defivpayof tmfbtqmw@!ﬁ b%?ﬁ todecatian prg iﬁ@@@?@"ﬁ@&% rmﬁpaaemyg fine

subsur f aé‘dﬁusﬁﬁéh@ td tha treatnfentiprotése Wi sub6ridr Féinddistion fesafis.cont am nat ed soil's
under neat h storage tanks, foundations, roadways, rails and even buil di ngs.

Prior to this to effect treatment nmeant the necessity of extensive
excavation aritistaiseranawbjget ebthia priventivhits develpla gstent whitlsmaphel usetkbytigelf atihoduce
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even consaibol of the hydraulic gradient and |evel pressures even close to
the point of injection of the biologicals, nutrients, water and air for
maxi mum ef fective treatnent. A furt her object of this invention

is to provi deMgo §isap MQM‘%“‘W@W@ proidechirepipens syster which providessa deliveryat i on

to anot thhlﬁﬁEi’és&zr@Qa@ ahi iﬂiﬁld Wit &h&w‘éﬁlﬁ]ﬁﬁé 8o that the contaminatedlih Iflﬁ%‘:so‘ll tard fotan
object tq deliver biol g%cas and %nstoaspe0|f|c Situs for

cont i nuoMEvenqubintpother gieas ﬂés"'g?ﬁdlbydﬁ'ﬂ fromthe surface down to cl ean

soil and be able to adjust the application of the biologicals, nutrients,
water, air,

treat ment as L acg‘%nt %gﬂgﬁ ngrgﬁlfon lht%m ?]\:écgerté%iagraénqgcgersg goessu?:sugafcetsgf'ls that

are difﬁcu!t to treat such as contaminated soils underneath storage tanks, foundations, roadways,
rails and even buildings. Prior to this to effect treatment meant the necessity 6f extensive
excavation and then complex application equipment was required to introduce biologicals and
nutrients, water and air to the contaminated soil for bioremediation. |

It is an object of this invention to provide good even control of the hydraulic gradient and
level pressures even close to the point of injection of the biologicals, nutrients, water and air for
maximum effective treatment.

A further object of this invention is to provide a very portable system, which may be moved
from one location to another easily by a light weight vehicle.

Further it is an object to deliver biologicals, and liquids to a specific situs for continuous
treatment of the soil column from the surface down to clean soil and be able to adjust the
application of the biclogigals, nutrients, water, air, surfactants, and other chemicals in the process
of the treatment as the contaminated soil is penetrated.

it Is also -an object to have a system which aliows the operator to make a physical



It is also an object to have a system which allgws the operator to nake a

physi cal N 4
5 measur enent of the depth of E&“ﬁrré%gg S)?E‘Fh% novenent of the handl e

fromone position to another a rement ofp 07/15787
penetration. wo anot her obj &€T"Ts to provide a neans to add extensi ons
to the lance of this i nvention to allowit to be extended from6 to 12
feet long to a full length of at |east 45 feet and still keep the gas and

l'i quid i measwementeftthe deth ofpenefration bihthermoverneapsfahe kandie fpom @ne pbsition to

I nj ected f it is an object to provide a
nozzl e é\h&aégfslffg t%g&rgsgﬁg\t'eggoﬂhe :ge?]ueéjat{:bﬁet ration of the soil at the
same ti ne it is delivering the liquid to the contam nated soil to be

treated. Yet another object is to provide a means @%‘ngﬁis-w&ell%%g ihidthvertion to

accordance w t esent | nventi on, re 1s &I’ ovid dee EITEdI at I on

i nj ecti ol %%P&%Wﬁr‘f]@??FT@ﬁﬁ?@ﬁPéﬁ“’d@M? RRsh 4P Eagt ansi st keep the gasnd

wat er aha PGl IA commBnioglive AiGi wad ipaNEtresidchre ttmghn\sﬁﬁ‘&ms«ﬁhioxham for mixing.
hori zontally in contam nated soil conprising 20 a soil penetrating

| ance for injecting air and oxygen and liquid with suspended
bi ol ogi cal s i mnmmmtmwu 2 tozzie Whitbassistscthe opdratpeindtie penetration of the

| ance 1S oSS Sinf Bine BB Yo IIE! 'l coramingied sdlo Bb eGP °5507 oS

for conpr ss I'T an sure to said
soi | penetratlng | ance on one end, 25 a liquid punp neans for
pressurizing the liquid, oxygen, and suspended bi ol ogi cal s and
delivering said liquid and suspended bi ol ogi cal s under pressure
to said soil penetrating | aRESGHPHAM @RdHE DRAWINGS 5 gas connector neans
for connecting said gas conpressor to sald Iance and for

controlling said co resse {a nnect or neans
for connddd{d isaRnel eF'dﬁ?l"é?“b%ﬁ% Bc?s%fﬁ‘asr'%(ﬁ@@"mhsh°wsfeﬁf# ulapmemBen i ng

sai d pr eds hiddercines, sqeondtubular member, handle, gas connector valve, liquid pump connector valve
and the compressor and pump with a reservoir. '

Figure 2 is an exploded view of the joining of the adapter tube with an extension member.
Figure 3 is a side view showing the adapter tube and an extension member joined.

Figure 4 is a crosssectional view of Fig 3 taken through fig 3 at points 4-4.

Figure 5 is a crossectional view of Fig 3 taken through fig 3 at points 5-5.

Figure 6 is an exploded view of nozzle member and an adaptor nozzle member,

Figure 7 is a side view showing the adaptor nozzle member and nozzle member connected.
Figure 8 is a crossectional view of Fig 7 taken through fig 7 at points 8-8.

Figure @ is a crossectonal view of Fig 7 taken through fig 7 at points 9-9.
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In accordance with a second aspect of the present invention, there is

provi ded a nmet hod of using a deep renediation injection systemfor
in-situ remedi ati on of 5a
contami nated soil and ground water capable of progressive netr tion both
vertical |y WRE83# zontally in contam nated soil using th $§%d| ation
I nj ection systemin accordance with the first aspect of the | nventi on,

t he nethod conprising; 5 eval uating said contam nated soil as to

cont am PRS1EE t@@@&ﬁ%w hé¥Ble tip looking at ﬁ%\fa{vu%taoﬂgnp be é%é%%%tdé poRl acity

of said contam nated soil to determ ne ch can be
added f6?3'??%?'9@*19“’“’“hfdde“""eﬂevel opi ng a treatment grl d both as to depth
of treatnent and as to spaC| ng of penetrat|on hoI es in said

cont am nat ed £ and% din me for eac ward penetration -
step, riguret S eided 3"%3% scgg'a'ega%d %aamw%?ecwﬁ tubulprmember for

acti vat idelivery pffppessurized dasqui d and suspended bi ol ogi cal source for

i nj ection, driving said soil penetrating lance into said

cont am nat ed soil, stopping said | ance penetration at steps of
penet r atfigure f13ris ta side sedtionaliview shawing how the lance ofthisdsysteir js wsed to provide
driving i ' ). next
Stop. 1 o RAnter Inie ARy 3o A et kil ST DARAPLT foh relh JioF

t r eat ed.multiple angles of penetration. DESCRI PTI ON OF THE DRAW NGS 20

FIG 1 |s a perspectlve VI ew of the lance of this invention which shows the
first I.dde I nes, second tubul ar nenber, handl e, gas

connect df igure ‘\?a‘F \)9eSi ¢ |5&Efl°ﬂa'pﬂ% sgﬂﬂﬂ%@f"ﬁ th, fange of s sysiem éhisadste grovidal punp
Wi th a ripsaehamtiirough a dohéete3labdy asings Peatielg Holk indhe encretedant Ukifg AOItEIE ahdiés

adapt er tfubg tvvl| h an extension 25 nenber. FIG 3 is a side view show ng
t he adap? &F ?[% ‘and an extensi on nenber joi ned. FIG 4 is a
cross-sectional view of FIG 3 taken through FIG 3 at points 4--4. FI G

PG g | GoaR B8 B et ebrocBhiiiorior £15E Vil r iRimlpali obi Uhich Mal bee >
30 FI G ftrested \uthsth!a ysteraand Mstiiod ghavring the dpmd patzezm usaﬂdmmmommmw

menber covg%gggg@%nmm,ﬂéasoﬁ IS a cross-sectional view of FIG 7 taken
t hrough FI G at points 8--8. FIG 9 is a cross-sectonal viewof FIG 7

taken thr ough FIG 7 at points 9--9.
Figure 15 is a diagrammatic representation of side sectional view of the contaminated soil of

Figure 14 which has been treated with this system and method showing how the column of soil
along the axis of the lances penetration has treated the soil for bioremediation.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring now to FIG 1, the general reference 10, shows the soil penetrating lance of this
invention connected in fluid communication to an air compressor 11 at one end 28 of the soil
penetrating lance 10, The connection is through compressed gas tube 12 to a gas connection
valve 13, which has a control valve 14. The control valve 14 is connected to a handle 15 to allow
the operator to open and close the flow of the compressed gas from the air compressor to the soil
penetrating lance 10.

Also the soil peneirating lance 10 of this invention is connected in fluid communicaton to
a liquid pump 18-with a liquid reservoir 49 at one end 26 of the soil penetrating lance 10. The
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PCT/ US97/ 15787 Figure 10 is a head on view of nozzle tip | ooking at the
forward port and the at |east two side port nenbers are shown in hidden

| i nes. Fi ng,s a side view of the at |east one conprgsgeeasr port
t

In the secon ubul'ar nmenber for delivery of pressurized gas. Figure 12
Is a side sectional view showing how the | ance of this systemis used to
provi de treatnment under existing structures to treat contam nated soil, by

usi ng an cavmsetion is theough adiuid nennecipt tebeeVdb adiquid cqnaedtion salvent8, whichhgsiaeorii®l i s a

1 ont monaRRdD, thedinbUhat o Rt inbeod 18R 20 3 o 3 bRlboP 10 BHER ahd oBEC ! 0
and usi ngherfiow pblhe peeRghazeddinuig énom thailquﬁmump A8 dathe smmwr@traﬂmn ageatvalhe
repr esentlﬁhmcaaneécnan R:Qﬂe“l's%ooéon?r&r%wg wh&dmmaem e Bk h%gfrk bjegtpd

with this system and net hod sovmn% di anond pattern used npl et e
over | appiREVRNRIES ik operptat se Hiat Ry H%Fla@és hands do "*h@{?rt@ mpKe much distance to

di agr amedpef of €lpseihe Hwid corobValvii I@witiethbinandé 20) ew of the contani nated soi |
of Figure 14 which has been treated with this system and net hod show ng how
the colum of soil along the axis of the |ances penetration has treated the
soi | for bi or amedbdy éfetse soil penetrating lance 10 is composed ofaﬁETﬁwaDn@EBm:iﬁ\l OF

ENVBODI VE r r e 1

shows t hel\g ??)nq tubuéanré?er'%@%g ancer%'ﬂt\f{\ﬁa{t-T &’embgr%.‘\’/% | o'%%g@'{ﬁ%léegt @Rﬁf’be%

comuni cani @nnmoxanwtau Imuwome@@o rvalve i isorfer e dleiheryfof tmeep@gsunzed liquids
enetrati t O a

p Rretrdligh awforma.ngmewsmw& rﬂé?ﬁsgasggve fgéeﬁﬁﬁe conﬂ%ﬁ i

gas connection “valve 13, has a contro

14 is confretaainrtedsqll. ﬁ&'ﬁdﬁ%‘"l%‘%a%mﬂawf 23ppehichds ponngsted & gRscRnaerlion va)g@ the
flow of t’ﬂ?hﬁ@iﬁﬁ"g%&@ﬂe&%ﬁ vaio@m inBéntéd alreemrtﬁégéebnd RbbBEmEMber 2PA8CA4 &L 1 NY

| ance 10 etratln this |nvent|on|s
Connect edPHOfS HRINE SREGITRSER, |6 850 P aees tp kb Vst ferst bifog egber 22
r eser voi ris4écatdd inside the dedting ddbuldn enemibiet 2P Butailsodias adidntetarasuffidientoceceive the
first tubular member 22 and still allow sufficient compressed gas flow room therethrough for
injecting air into the contaminated soil for mixing with the pressurized liquids in the contaminated
soil.

A nozzle member 25, as best shown in FIG 8, is connected to the other end 27 of the soil
penetrating lance 10 in fluid communication with the first tubular member 22 and the liquid
connection valive 18 for directional delivery of the pressurized liquids into the contaminated soil as
the soil is penetrated by the soil penetrating lance 10.

The directional delivery of the pressurized liquids is achieved at least in this embodiment
by the nozzie member 25, as best shown in FIG 8, having a forward nozzle port 29 for delivery
of the high pressured liquid in very low volumes. The directional delivery of the pressurized liquids
is further achieved, as shown in FIG 8, by the nozzle member 25 having at least two side ports
30, which in this embodiment are tilted back away from the forward nozzle port 29 at least 150
degrees and are positioned away from the forward nozzle port 29. It should be understood by
those skilled in the art that this angle may vary depending on the particular application, but it has
been found that the optimum is from 90 degrees to 150 degrees as this provides some hydro
drifling effect but dees not create so much flow backward to interfere with the compressed gas
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PCT/ US97/ 15787 connection is through a liquid connector tube 17 to a

l'i quid connection valve 18, which has a control value 19. The control valve
19 is connected to a handle 20 to allow the operator to open and cl ose the
flow of the WR®OM0 zed Iiquid fromthe liquid punp 16 to PREUSHIFT
penetrating |l ance 10. The liquid connection valve 18 and control valve 19
are connected to the | ance handl e 21 as a convenience to the operator, so
that theyp @ators hands do not have to nove nuch distance to open or close
t he I|qU|d control valve 19 wth the handl e 20. The body of the
soil penetrating |lance 10 Is conposed of a first tubular nenber 22 and a

second t ubul awwmmbre%%tedmhééers‘&mea h'hHé tﬁﬁ%@ﬁap@ﬁre\égqégn Eed to,

a liquid tube 24 in connection wth |qU| connect ve r t he
del i ver y2g¥ever by siziag g PP?E%P% 2§\and side pars=3t toghe rreasvie being ewel@nhgthedmdt he
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e seen i, S ated inside e

second tu atﬁeﬁﬂaﬁ%ﬂ?ﬁ&s é?g%gl#ﬁ%? ﬁ}”ﬂée '"gﬁqch ent to receive the

first tubular menber 22 and stil I al | ow suff| ci ent conpressed gas flow room

t her et hr ough Agngt Bﬁéﬁ&rﬁd?&s@t?]ﬁaé ﬁ&l@&gé%hﬁﬂﬂh%%nﬁ%é% lmafyq::rs p%\)‘dzﬁ'agb%t h

t he pr essuri ze ds In eé contam
25, as b&@'smﬂﬁmﬁt thers age fque such campressed grstpaits @81 #wilkbaiurriprsisodibydhasei |

penet r at smed iANkeart that ofd yasdpmmﬁwé:aéédo autvu whuld Be b 'd&éi&néré‘ aw.&r foﬁl?-@‘oer
22 and the | " d

ctign.valve, 18 I rectiona el |ver
pressuri Y8 cF‘?ﬁ?ﬁpH%a ?8’"9 ﬁgs‘%’{ﬁ‘h %ﬁt"@ﬂ"’%ﬁ’ d gas pasts 2BAre GoR %ﬁ’e‘f‘tﬂaﬂed by
the soi | cpmmesnicatidnngitth divec gasl Gonnector vaive 13Toe delivencoi Meapreskatizatesas &f tHehe
pressuri least in this enb the nozzle
rember 2EoMairnglel S i, AGoNrBIREG soy S5 prpegluiegy imaﬁwﬁeerea#gefgwﬁ |
del i ver y deliverdsdn Hieglontaminatedseoll. | i quid in very low volunes. The directional
delivery of the pressurized I iquids is further achieved, as shown in FIG 8,

by the nozzle nenber 25 havi at least two side ports 30, which in this
enbodi nent  ar &t oHidbg updgrgto §t the epmiressed oaspors 28@peioeateshen the othar endeTs t

150 degr mm&aﬂm&m%&e Q0 8R4 BRA & BRENED SRR Blay Rsm ki RREE's fotward!

shoul d be H% (Pe port\é 30 that the liquid discharged has a chance to reduce it's pressure after
injection in to the soil and before it comes in contact with the comprassed gas port 28 in the second
tubular member 23, The purpose Is to prevent some of the liquids from going up the gas ports 28
and cause clogging and reduced compressed gas from being injected into the contamihated soil.
Further it should be understood that better trubulance and mixing of the gas cccurs when the
pressured liquid is laid in first and then the compressed gas applied to the liquid. The most desired
situation is to have as much of the gas dissolved in the liquid as possible because the biologicals
and nutrients in the liquid depend on the oxygen supply delivered in the compressed gas and in
some cases the hydrogen peroxide in the liquid to feed the biologicals in their process of
remediating the contaminated soil.

it will be appreciated that the soil penetrating lance 10 can be made in various lengths to
penetrate to various depths for the in-situ bioremediation, but it has been found that it is more
practical to have the soil penetrating lance 10 in selected sizes from 6 to 12 feet in certain



those skilled in the art that this angle may vary dependi ng on the
particul ar application, but it has been found that the optimumis from 90

degrees to 150 degrees as this provides sonme hydro drilling effect but does
not create s | ow backward to Interfere with the conpyEasasHRc
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skilled in the art that this high pressure and | ow volune is achieved by
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wat er, hydrogen peroxide, biologicals, surfactants, nutritrants or other
chem cal s into as wide a treatnent Pattern as can be achi eved around the

soi | penetrat i Ipnpambedimgntas showninFiGe , FigAsendfrie 4apmsiengiarmenher 3)ds shows as
shown in Rhsedloafér ﬁe@tﬂei: eh@27 bﬁh@édﬂ\bbﬂﬂémdguﬁce‘ 10 dr BhGhSEXRAIOR men{bgﬁ?f are
ed

f our such _conpress ort It will be understood by those ski
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DS o deheySAOPRRRTY RehnePichutt 6= BREHHE" 656 b déshve feRRedloR iR s i
oxygenati nkjwaslse oy coramdn pf partsiand theey dré ipteérchangeable tolagreatestent. i zed liquid is

delivered in the contam nated soil. It should be understood that
t he conpressed gasligorts 28 are |l ocated on the other end 27 of the soil

penetrating | afSavilibe gaen.| theagdensipndnerbasdd is fgrmed ifiom 8 fird\Rag seeanh tubidar
nozzle's frﬁéﬁﬁ@ércthé?ﬂtzazl%sﬁélﬂvéi %vﬂ@rﬂoﬁ‘l é’rﬂsstabaéreﬁé?@d *oi' ?éﬂeﬂnﬂé' SCARDReUHRAS @

chance to reduce it's g re after g&n sol'l and before it

comes in COFRRRES2fhemdanier tEWF@E?@& iy B"l‘)"rll"ﬂ?@ “i'er"E’ﬁés 9&9@??6' fer Hipnayith

menber 23.thg bﬂemdnib"npmmbétlsedda_aar mveuae 2R gaiewéeehhw thqmwkseéemmng Q%gt&euplri he

gas ports cause 0ggi nd reduced, co ein

o entea iMest Rar RS e iR Reaeifon ity dns RREFRRE e ber Ao RwSh Rt

bet t er t r yseNideraciideothnmanication W&dndhgmtnmwtﬂme exirsiont themiper &4 Sarthedow ajthed is’

laid in fi

desired S|{°ﬁg,{£g%d %’gﬁatﬁgave as % ﬁéj%#a%ﬁ'%n glpégg ﬁh “P ﬂan

possi bl e e dhe@daptes tuhlegnergbar 3R @lﬁmsmwmkqwci flowmay 3I7 |fQ1'l!n@d ﬂ@pe'ﬁ@ﬂ kmlidt h e

oxygen sumiwwale!is Yemed tythé BEF cotBHRSstfhd) ittt mefbers 38 on the adapter tube
member 32 which engage the seating surfaces 39 of the first fubular member 22, so that once the
two pieces are secured there is full communication of both the compressed gas and the liquid
therethrough. in FIG 5 it will be clearly seen that the gas communications ports 35 may be very
numerous to enhance the free flow of the compressed gas.

An adapter nozzie member 40 is also provided for the attachment of the nozzle member
25 to either the other end 27 of the soil penetrating lance 10 or tc an extension member 31, if one
was being used. The adapter nozzie member 40 is threaded on both ends 52 for the joining with
the nozzle member 25, which has matching threads, not shown,, and to either the other end 27 of
the soil penetrating lance 10 or to an extension member 31, either of which has matching threads,
not shown. The adapter nozzie member 40 further has a self centering seating surface 41 as can
best be seen in FIG 8 for forming a seal between the first tubular member 22 and the adapter
nozzle member 40. This seif centeting seating surface 41 is also provided for centering the first



sone cases the hydrogen peroxide in the liquid to feed the biologicals Tin

their process of renediating the contam nated soil. It will be
appreci ated that the soil penetrating lance 10 can be made In various

| engths to penetrate to various depths for the in-situ bl orerredl on, but
it has beerWP@84 hat it is nore practical to have the s&9VY5eff atlng

| ance 10 in selected sizes from6 to 12 feet in certain WO
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pi eces @h@d aletfbnt. 0 extend the operating range. I n one enbodi nent
as shown in FIG 2, FIG 3, and FIG 4 an extension nenber 31 is shown added
to either the other end 27 of the soil penetrating | ance 10 or anot her
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|t or st Sy t48 pud! i SiRkods 4Rt REGheietly) AUEH ut By penetrting, . .,
menber 3Jancednte themccawr@tﬁdéov pndseontratbatiethersdil perietriting lanset18as 2pdirestiorpand

respect Iéé%%/h gﬂgpgg&m,gﬁ\ds 33 prepared for receiving an adapter tube
menber he adapter tube nmenber 32 in turn has both of it's ends 33

prepared for union with the extension nenber ends 33. In FIG 2 it can be

seen how t he Aiswastiotiafd wmfrmetnamt nlimle 21isHh Giidd éanf@I30enIGE RNadapléatBe

communi CHNHARETEOVRSA Ch 8 LR h ERa1 o 15 45) PETRUPUR SR s Py BETHED [ | o

of the anembersstehiah magbe attdvhed thereks Thie Vamde handid B igfatheradanted fordeicasaort 35

o) ot Rl B S e 03 o kG {RF i bHES sl SRR o S0 B IR NRS 1 1o
sel f centé& aﬁﬁgecwatonegatm dvowardriorte s 38 lapce handie@l is wansferted toehd ol 32
whi ch engagfatiddGam@aio'td Briviit hke cefga.ﬂﬁafeta%oﬁ I é‘{u fa RUnakrstsBa It o.?c%. thé O

that once _the two pieces are secure ere Is conmuni cati on bot h

t he comgswaawawqw a%mw'etiﬁe%éweaawmamhww@ the liqyid qonmwem early
seen t hajanems m&hsgaﬂmmwmmmmnaéoﬁr&m&%é/ eYatOrliitRildoatid dnCad@piepnce

| al 5o BP6TeEDer FAndaAKenea Meder 31 tathe sﬂ@?&ﬁ%&b& 15U RIA ¢ ho
ot her encbridéctidn vahe arid the gas conneniyr valve ¢3 dA agdin bad ontieud thedieatmeneaher 31,
IT one driving the soil penetrating lance 10 into the contaminated soll. The operator by knowing the length

of the soil penetrating tance 10 and the length of the extension members 31 between the adapter

tube members 32 can easily compute and measure the depth of penetration from one lance handle

21 fixed position to the next thereby giving an easy means o measure and control the penetration

of the sail penetrating lance 10 during the bioremediation process.

The releasable affixing of the slide channel 43 is achieved by tha siide channel 43 being
releasablely squeezed in the slide channel 43 by a releasable squeeze fitting 44 which has two
sides 45A and 45B split apart by a space and a helica! screw member 46 for altemately squeezing
and releasing of the slide channei 43 about the soll penetrating lance 10 upon the helical screw
member 46 being advance forward and then reversed. Those skilled in the art will realize that
there may be many themes and variations of the releasable affixing of the lance handie 21 and this
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was bei ng used. The adapter nozzle nenber 40 is threaded on both ends 52
for the joining wth the nozzle nenber 25, which has nmatching threads, not
shown,, and to either the other end 27 of the soil penetrating |ance 10 or
to an extensﬁg)g?n% er 31, either of which has matching thrgagsseniss? shown.
The adapter nmber 40 further has a self centering seating surface
41 as can best be seen in FIG 8 for formng a seal between the first
tubul ar nenber 22 and the adapter nozzle nenber 40. This self centering
seat i ng sue tsclesetilis i just ahs empodimentdoeréaft centering the first
9 WO 98/ 09740
PCT/ US97/ 15787 tubul ar nenber 22 wthin the second tubul ar neans 23 and
yet al | ow t he Framytie dorégaing diswmosmnhdirﬁhelartmmﬂze thabthis deéP rémedidtion
nozzl ¢ f GiueioH shétbrh Bt BAtndinted b orig) Akl Sno b o 1l HRRL Shalfh Jrbill fhe
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t herefr | ance can est e seen In

inthis émtsm&eﬂbea?mwaagledaﬁ'b hand gripping surface 42 for holding the
soil penetrating lance 10 and for providing at |east one surface for
receiving a drbw ng?force ssi st theéﬁ_enetratlon of the contam nated

0 )
soil . Inthis FRIPRERHRR nlectipr Syslgm 447 sk FrmegiRios 9" et alech sollaands  c
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soil and.c SOl b penetrati anc ction and as
to the deﬁﬂﬁ‘ %f“"ﬂé‘??l‘f’r @Fﬁgﬁse teachings are A g" Fﬁ‘gﬁ‘ﬁ“ﬁ\?t? ﬁ“‘Hﬁ‘@ hﬂ'éé“ﬁ’fandl e
21 is a He Ldiedmmmebpatmgmrmtheneachhigpaarucléms hechirudiscidseé novenent up and
down the length of the soil penetrating |ance 10 and any extension nenbers

31 which may be attached thereto. This |ance handle 21 is further adapted
for rel easabl dhgffirsistag infthe methed;isido evalualel the 3yrepofasnll eptamindies puchdheir of

the soil RAB&HiaAéHsS thalepr rfbﬁhxéd“b%ts smaﬁr&mdanbﬁs @ahgieésﬂckbﬁn@%émsﬁons

downward force on the | ance ndle 21 is transferre

penet r at i ¥ §oW Fiaay ofitherp Hnﬂ(gelnggdthanp hew mush netdentsandrxyass vilthe needed tisuppatt be
under st 0QHe bioRbicslS 6Rd fofirulationb npthﬁ? rérRddidtion prdtess. Wteﬁmét dtéws@n Bod\sHtiRg the are

d t h d.th t d th

Connect or 8 J1FR:SapsBf. & Galfnine e otk uciy e i afchel or &sﬂmna%mﬁ?sgﬂramer

t ube menbdeter8ihezthel velume of kyuisi whichweilibe usé}ﬂwitmthe Ibiviogizals aptha titmealf infegtibrainte 10
dt

S 1 Bty RO Rt L kB SRR RGN A,

into the Resexidenvhichiasares Spth therliquiddunstion, dut #i5o kervasi tn gupplycs m@mgwmertﬁoumeefmsm |

penet r at i g Hidieicatsl O ARBtHeghole NGd late% Ha& b%éﬁ RFARRd gﬁ}ﬁ%@e %RQ;%?JWSP the

adapter tube nenbers 32 can, easi| ut e and neasur
penet r at i dayelopivm & Heatment: grid, 55aarding the epth of treatment and as to the spacing of the

penetration holes in the contaminated soil and how long a time to hold the soil penetrating lance
10 with the nozzle member 25 at each downward penetration step to achieve the desired
concentration of liquid biologicals and air and oxygen.

In FIG 14 and FIG 15 it can be seen how such a plan of treatment would be developed and
laid out relative fo the treatment grid which has both a vertical and horizontal component for the
treatment of the contaminated soil. For example in FIG 15 it can be seen that there are several
axial penetration lines 47 with stepped penetration points 48 thereon. In the application of the
method of this invention a predetermined concentration of biologicals and oxygen and nutrients
would be delivered for a predetermined amount of time at each of the stepped penetration points
48. From FIG 14 and FIG 15 it can also be seen that the distance from the axial penetrations fines
is in such proximity that there is overlap from the dispersai of the biologicals and oxygen and
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21 fixed position to the next thereby giving an easy neans to neasure and

control the penetration of the soil penetrating |ance 10 during the

bi orenedl ati on process. The rel easable affixing of the slide

channel 43 is achi eved by the slide channel 43 being rel lYesSqueezed

in the slid%08%#e| 43 by a rel easabl e squeeze fitting 4?%%@%&5 t wo

sides 45A and 45B split apart by a space and a helical screw nenber 46 for

alternately squeezing and releasing of the slide channel 43 about the soil

penet r arutfights ateach dhe Beppédisenatitiondointcdesw  nenber 46 bei ng advance

forward and then reversed. Those skilled In the art will realize that

there may be many thenmes and variations of the rel easable affixing of the

| ance hand| eAfiét albthe abiniessteps of the method have been performed then it is time for the mixing

10 S . . _—

per uso e iggoicalZnd BabRd e ina pump reserveir 40 andactiveing e pyp 5o pressurize

Fr om t hibef wateg dorigiectionc LAso at thisdime thiidctivating of the comptessdr| 11 wadd beer tdat

this de b Ahd ' X smal | trailer
EAner SISl 814 Bhe o6 Wit ol SEATEAH| o BB SERUENY R0 o

and towed to the“In-situ site to p he cont am nat ed

soil. The deep remediation injection systemfor in-situ _

remedi at i on QfcedRéyRiBIe Iili| prediuriza WHerbthe il MRh&tiort @lmshnepléé?éghhﬁ?ﬁ& ngt
ed in the ar

t he net hods,  whi |1 be outlined below Cearly those ski

w1 ' oS 15'Wayl e Y o a5 e egeter o e s e sl RepaERInRANoR TR0 ¢ ho
i Sl ospr e o L e L L e e 48 b of
i scl osgd, . e firs in.the 0 Q, eval ua e type o
s0i | coﬁq?3MQF@§m§ﬁﬁt}Fﬂéﬁs%8ﬁé§’§P F%{{“P‘('}ng‘ggf"{nﬁ&tafﬁ@’ BRI RS S8R cal s
and f or thelcattagiratedanil tocthe e steppedparietrationlpoint 48 Lot tref whole/inssita yersddigtiba m wi | |
be need : : ' S gpé?%(t | rt the
bi ol ogi g%@%ﬁﬁﬂ%@ﬁﬁ%ﬁg@% ?ﬁgl r réﬁeﬁ%%%ﬁom@ g@&%@%%@% step
t hen evarigipeneifption inesdy) andicoatinge thenseaess untibthg whole irksity remediation sitechasttieen can
be addegefigq, treatnment is necessary to determne the volune of |iquid which

will be used with the biologicals at the tine of injection into the
contam nated soil is the next step. Under certain conditions sone of the

liquid will headisbhapeimped tat te badtirdSditsS6r e focifighof tHaaixlal pehettafdninb igpn, but

above t Bvavge s Butnglbrebr e i en el o 6t e B rorthe i °

as it provides better overlap of the stepped penetration points 48 and axial penetration lines 47.

From the foregoing it will be understood by those skilled in the art that the contaminated soil
is treated in-situ as a column of soil with overlap of each column to achieve complete treatment.
Those skilled in the art will realize that the size of the column will change with the soii conditions.
For example if the contaminated soil is sand the cofumn would have approximately a radial
penetration of five feet from the point of injection in the soil column. in the case of contaminated
clay soll the column would have approximately a radial penetration of three feet. Clearly a mixed
soll of sand and clay would have some combination batwean the two pure soil types. Other sail
types would require some tiial and error by those skilled in the art to find the optium radial
penetration.

Since a column or cylinder of soil Is being treated the volume of soil impacted by the deep
remediation injection system and methed is determined by the computation of the volume of the

soil in the cylinder or the equation of Volume = height of the column ( pi {radius squared)). Once
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devel oping a treatnment grid regarding the depth of treatnent and as to the
spaci ng of the penetration holes in the contam nated soil and how |l ong a
time to hold the soil penetrating lance 10 with the nozzl e nenber 25 at

each dovvnvvard ation step to achieve the desired conc
oReh Bt

l'i quid bi ol 08' nd air and oxygen. In FI G 14 and 15 It
can be seen how such a plan of treatnent woul d be devel oped and | aid out
relative to the treatnment grid which has both a vertical and horizontal
conponent thizototi ivelutnead soikio beofeatéris determined thier dassai dn thé typeczoiland & porosity G 15

it can be.g&affickRal vl HakE 6 1dtidle aﬁve%ekgt%@ voim @bkeqn e Strﬁg %@,ﬁaed of

stepped penetration pol nt lcatlon o

thi s i nveditiedin the ﬁﬂéﬂb@'&eﬁ‘?m%mmqﬂatbﬁmdsﬂo d&tm thalvelumedf wategend and

t t f
The st 2pZ}?ﬁ%‘}“ﬁ‘éP?ﬁ%’nﬁgﬁiﬁﬁ%wﬁﬁﬁgtﬁﬁéﬂﬁs S B poBiton S8R

seen t hat e dongc v piven i, flow rgte pf theupozgla membes 25; Jhese ealeulations

proxi m t ydétbmiing howdongs theveperater ilistiedvactheisoid peRdtfatif 19nbe 101 02! aeh GRlppednd
oxygen and WD 98/ 09740

PCT/ Uso7/ ReMtion ot 8B et s at each of the stepped penetration points 48.
After all the above steps of the nethod have been perforned then it is tine

hnd act i vay | noronghe Erefbtly Rabfin BAG.RLE G TR 1 Rl B8 et A cpr
this tinealsh @e@l@eﬂeém eI to plowsemediatioryundet buksingdb3p es shownindd@pt3e sAlst he
gas to berérﬁﬁdﬁﬁér?ﬂaw;é Bordveli ofi&ralans @WV Bﬂcihgs sﬁ'@h Ltgﬁ?@ﬁ&lé 85 kﬂ?&lg{!}%ea%o

Once the g%stem IS pressurized_t hen connection
and gas ¢ ﬂ%?‘TQBFBW'SIa?f'é"@eﬂﬁﬂ"d'“ﬁé'mmﬂwhﬁﬁff@md the operator woul d start
driving the 50|I penetrat| ng lance 10 into the contam nated soil, but

t th trat 1 I st d trat ts 48 f
SOt gl ent TARRIE Vi tBaeite ot BN Fveriio § R in iR IoRg tihe TR Re g ea Rt he
soi | penetthat iemgdiatisrcsystemisosuch @s diuniaayei boed Bale APiddiction pldeessas thit sk P@Hich

trat d t
PNt a1 o MBS TSR A e BTG O
anot her. aRrfogesspéisothesysigm Qfilhﬁmﬁmmndnmsedm@adpecrgized:smremmbh have hatiol e
in-situ resmigthinhied rhu? hﬁtﬂeéﬂ%féﬁl”e@t\ﬁéﬂ? %E%ﬂ‘s% the system can be MRSd E'Fatdﬁkg_fm ned

that the best results on the |ocating enetratlon I ne
by form n@%ammﬁﬁﬁﬁﬂum Manaisy bier\ﬁF%‘A[t“ét!Peg’QM'aF‘P%ﬁc@ﬂn lipg systema gs gaen
in FI G l4hdmemehtio e sthérprodes® beiig sptiedet t er overlap of the stepped

penetration points 48 and axi al penetration |ines 47.

As is apparent from the foregoing specification, the present invention is susceptible of being
embodied with various alterations and modifications which may differ particularly from those that
have been described in the preceding specification and descriptions. For this reason', itis to be
fully understood that all of the foregoing is intended to be merely illustrative and is not to be
construed or interpreted as being restrictive or otherwise limiting of the present invention, excepting
as it is set forth and defined in the hereto-appended claims.

What is claimed is:
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Fromthe foregoing it will be understood by those skilled in the art that
the contamnated soil is treated in-situ as a columm of soil wth overlap
of each columm to achieve conplete treatnent. Those skilled in the art wll
realize that the size of thg col unmwidd chadge with the gi)gssﬁﬂ%tions'
For exanpl V@8O8 cont ami na&gﬁ Q1 4 SroSan it he col um vxg T ave
approximately a radi al pene an-offive~Edet fromthe-point--6f-i-njection
in the soil colum. In the case of contam nated cl ay sy . yom woul d
have appisaxi mately a radial penetration of three feet.ﬁ"}"&ﬁﬁﬂﬂﬂ ﬁﬁ,’soil
of sand and clay woul d have sone conbi nati on between the W, i
types. O her soil types would require sone trial and error by those skilled

in thle_ ﬁa t t@?ééwﬁrlnbilﬁﬁﬁdgﬂﬁjéuﬁ? &?éiétuﬁlcfior{ﬁﬁﬂﬁiré?‘lbﬂiﬂﬁbnfof cont?mi_natedSitﬂngmba tcﬁl um
or cylinder, of soi s _being trea .the vol y of , soj | ipmpacted by e
Geep” i SRtPERAPRP BE PTAFFASlyS BETATRHGR bt Wt SRR eot bR by ¢ he

conput adontamindted seil \comprisinf the soil in the cylinder or the equation of
Vol une = height of the colum ( pi (radius squared)). Once

12 WO 98/ 09740

PCT/ US97/ 1578%bil peneteating fanke fopinjastingodir ansi dxygen drd ligvid with duspendest er ni ned t hen
based on the,; ld saft @ ntalmi ' Al ' ga.%g det er m ne
the total p&l@‘@o.iﬁgsaval In{aa%rl“‘eye%dr)lﬁ,'?atﬁgsglgiswb%&er%&ggﬁ?ﬁzﬁg S |If+rgd in the
art will undeanstration teereidul ati ons can be nade to deternine the vol une of

wat er and suspended bi ol ogi cal and fornul ati ons which are needed to
saturate a stepped penetratiaon point 48 and how lLong.jt. wi]J]l take given the
flow rate of 1 HECHRISTE MERMRIPr HmPressiog ol anp Selvatna s HiemeRPiREs B | ong

t he oper at or s3/I§dil gefigtvating mcé on bnegp@et rat i ng | ance 10 at each stepped
penetration point 48 From the foregoing teachings it should be
understood that the axial penetration lines 47 can also be directed on a

sl ant to al | aViquidpwap seanstouprdssurizing thailingid xiygers amhsuspendedBidbglcals alds o

remedi ation j | ﬁ.{g@“ hol e
55 t hrough tﬁ%%g@bﬁ?;ﬂqun%@gﬁg{ﬁﬁ%ﬁtﬁgéﬁ%ﬁ%‘?ﬁ@g&%ﬁ%}%ﬁ | }{geﬁ%&oﬁ war d

therefrom lanceonongengly from the teachings of this invention it should be
understood that it may be used with other renedi ati on systens such as the

| arge bore hol e renedi ati on process to hit areas which, qeed speci al i zed
attention or8MA%EPTIREEr Means BLAIBRECtEs Ssides CORRIPaSPT otk Sr o ¢ he
remedi ati on fure6stffling Ahid@oinpresseddat Mowfardhi S i nvention can be used in the
specialized site area which have had

a liquid connector means for connecting said liquid pump to said lance and for
controlling said pressurized liquids.

2. A deep remediation injection system of claim 1 wherein said lance comprises

a first tubular means in communication with said connector means for delivery of said
pressurized liquids therethrough and for discharge under pressure into said
contaminated sall,

a second tubular means in communication with said connector means for delivery of
said compressed gas therethrough and having a diameter sufficlent to receive said first
tubular means therein and allow sufficient compressed gas to flow therethrough for the
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contam nated dirt hauled in
treat piles of contanined sdqilHi$ SHEERHARBEEN
drilled in collection line dystenBERIACED hancpnment to the* other pfocéss

bei ng appli eqvo 40 As IS appa he foregoi ng speghddhaglsh on,
the present invention is susceptible of being enbodied with various
alterations and nodifications which may differ particularly fromthose that
have been described in the precedi ng specification and descriptions. For
this reason, iinsituremedigtiorfoficontamingied sbibwhert mixed aith said plebsurzed tqads g shid

i ntended to bgoRBpfiateddohustrative and is not to be construed or
interpreted as being restrictive or otherwise limti ng of the present

i nvention, excepting as it is set forth and defined in the hereto-appended

cl ai-rs. a nozlb ¥eahs c&"nébtgﬁli: thee th
ol other enéi of said Iarrr\g% argj1 COCI)'IHB(I:tﬁd teoC?a:% r( rséy stem

for in-situ ré%’&?ﬁaﬁﬁ‘“cfﬁ"'dc‘ﬁmcﬁ%ﬁww hqwdmmagtqsme@nmdnewpabl e of
progressi ve pelebiehypéfisail gaesstirizea lighi€stihloysaf hnfaniifd i ba s hid sbﬁ'nsgﬁéﬂéﬁé{bﬁ'at ed

use e = Tﬂﬂlﬂﬁ!lliﬁl\lﬂiﬂl; °

soi | corrprlsmd a soil penetrating lance for injecting air
oxygen and lidqurd with suspended biologicals into said
contam nated soil as said soil penetrating | ance is inserted for

Bnd del 1 ver i naeabtbng compresscd &3 oBhn S RCRRT Ry atRsha it BoRmisatly
| ance on one a¥it said gas connecter means fdr @bmmm’émnmcbmmntbsahg the liquid,
oxygen, and sygR@Rfied son for oxngﬁh@Ag‘&h&?&ﬂ%nﬁ@%sgxﬁ'zH fi Jupﬂ‘fégétﬁ é)ﬁ%ﬁﬁfé{a nd

suspended bi ol ogi cal s un oal
| ance on one é’ﬁ%d'Sde""e"e"“m"éa@a'-‘@"connect or neans for connecting said gas
conpressor to said |ance 15 and for controlling said conpressed gas
fl ow, and a liquid connector neans for connecting said liquid punp
to said | ance and '
3. A deep remediation injection system of Claim 2 wherein said nozzle means further
comprises

a forward port means sized for delivery of said high pressure liquid at high pressure and
at low volumes and positioned on the distal most end of said nozzle from said lance and

at least two side port means located along said side of said nozzle means and aWay
from the most distal end of said nozzie toward the other end of said lance for dehvery of
said high pressure liquid at high pressures and at low volumes.

4, A deep remediation injection system of Claim 3 wherein said forward port means
and said at least two side port means on said nozzle are located on the other end of
said lance and said at least one compressed gas port is located a distance sufficiently
away from said nozzle that said liquid discharged is reduced to lower pressure after
injection before said at least one compressed gas port in said second tubular means is

in contact with said liquid discharged for the discharge of said compressed gas there
through.

5. A deep remediation injection system of Claim 4 wherein said at least two side port

15
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I njection system of cl ai med-= rﬁﬂ‘r%l
t ubul ar neans i n comruni cg ] n(ED d cobnector neans for

delivery of said pressurize G €r et hr ough and forﬂg* %ﬂﬁ under
pressure i MY} cont ani trated soil, a second t Jﬁ nMeans in
comuni cation with said connector neans for delivery of said
conpressed gas therethrough and having a diameter 25 sufficient to

recei ven@aaxsd Gbcﬁteﬂ%tofn? ubiultsﬁse maaoﬁmear&taw dnré&tédﬁ%é‘wfofm ﬁl@f&ward port
conpressed gas to flow or situ

Cont arm MBS FOR A dagrre L raem ooy p{eid o g ki o Wotsmes

cont ami alﬂtfm'chssmdg,m penetrating sail as saidisell pEmratirenaneds advahced ints saidher end of
saldla& nected to 30 said first tubular neans in fluid
conmmuni ca Ion WI "said |iquid connector means for directional
delivery of said pressurized liquids into said contam nated soil
as sai dgsoila : ASdm conpressed gas port
in said seconegi';efﬂ;l%n ét%m@ ctﬁf?gysﬁr{!ﬂoacmnmé‘hrih‘é co%ﬁ?cation with said gas
connector neans for delivery of said pressurized gas into
sai d cont am dpadxfision eah®bf [¥IEIG el TghglPhSdeSPorh sA8 first and second i%@l&su” ;Z:,edA

liquid after said a essu?ﬁ?%‘ed I |d IS delivered into said soil
deep renedi P9 ap P%‘ﬂ'fq QPL% q firstang;second fHenlar MeANZPIERAERASO eans 5
further corméd:m:madaptormeani @hgar d port neans sized for delivery of said

hi gh pressure liquid at high pressure and at | ow vol unes and
positioned on the distal nost end of said nozzle fromsaid | ance
and areddapteatitbe means halkingosach end adaptédofonbeinh jained fpr siaiod withdm of sai d

nozzl e means )ﬁl&snon m anffb‘?mé‘&‘%mf &%’Bfggﬁ ﬁFQPEJa? Qéc%hé‘iubﬁﬂpm%?s%} Qaé}ﬁiﬂé' €

toward the ot
pressure | i cthe length ofibajd spil pensliating laneg and for centering saidﬁfﬁubbuhmseans withip, A

deep renedi adziPeuchitl ®6ibONeasHna %r%feaﬂg%a% 3f SREArSY dhd$BEShd tABIER ntbaRe !

means 15 and said at |east two sid ort nmeans, on said nozzle are | ocated
on the ot herfoefid flow hroughegeh ?ﬁ&?—?“‘éﬁ\ Landpesend Waddr AABSconpr essed gas port
is located a di stance sufficiently away from said nozzle that said

i quid gi scharged duced t t ct -
caid at 1 caok dBTRrerRApNO SRRyt CeimBaipren su tfrier Hh e e 1 < i

cont act compdsesai d | i quid di scharged for the discharge of

at least one gas communication port through said adapter tube means open on each
end and adapted for being joined to said extension means for connecting gas
communication through said adapter tube means and said extension means connected

there to
8. A deep remediation injection system of Claim 7 wherein said adapter tube means further
comprises

a seif centering seating surface means on each end of said adapter tube means for
forming a seal between said first tubular means and said adapter tube means and for
centering said first tubular means within said second tubular means and for allowing
liquid flow through said adapter means.
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20 said conpressed gas there through. 5. A deep umﬂmﬂer mtlon
system of claim4 wherei &r—d—»ﬁj;—-l»eas-t«-m si de

al ong said side of said %‘i&iﬁe‘iﬁﬁé{ﬁsﬂ%ﬁg EMitr ect ed away “from"  "sai’d forward
port means f[Y? %ﬂegr eds to BEBLAIG) ees fjor delivery of sappuliabms?s
pressure liq @ ow voI'umesS™and  for assisting in penetrating soil as
sai d soil penetrating |l ance is advanced into said contam nated soil.

6. A deep renediation injection systemof claimb5 further conprising

an ext ensi®hn ndadesp odmerdigidpetinjedtion eystéme ofClainna dlethbr compsising; first and 30
second tubul ar means and having each end of said first and second tubul ar
nmeans prepared for receiving an adaptor neans, and an adapter

t ube means haviangdapternazala nmapf@@ommlmw:gnqzaiemans ¢o saighiapee having self

with an ext ensiconelipdiaidbitided wegdareﬁdfa'%?a@h&’a dr naizxé%aaew?&mhp%e%r

neans for extend| t he sai d soi trating | ance and

16 ﬂ@a%ﬂﬁ& “%"Fé meP%mdaﬁaimsﬁrmm rne%'&mdéfy@smnmmﬂ ar
nmeans and for first tubular meand witiin §416 Baddhd Ribullr kiebRd ariTer ARAPB%qlY ROW Hroughans
for fluid flow t@é@ & each respective first and second tubul-ar
means. 5 7. APQSCAPPENEati on injection systemof claim6 wherein said
adapt er tube means further conprises: at | east one gas

nd and acidht ed-pisp RRRE kORI R o LA o PR bR 0 T

connecting gas comuni cation through said adapter tube neans and said 10

ext ensi on neans, \Aﬁ‘?ﬁézﬁg cbﬁ}f‘é'c@dgc said smﬁp%détrﬁﬁﬁgarfcg ?%qioﬁ]ﬂg%id' lﬁ*c‘é(\a% %}

systemof claim7/ ereln said apter
a sel f centeri rR§oddigahIpR5t ong F‘&@éelﬁ%'d?@lw a:drivingderge maﬁﬁtﬂt@mm@at:WMe 15

means for for Mgy anaftatieioneay fai\lcéntfduﬁagkhatdhhuﬁ&ran%ae%f péHirafindnigdait er

t ube nmeans and for centerl ng said first tubular nmeans within said second
Bapynated $08,, ng liquid flow through said adapter neans.

tubul ar means &9
9. A deep renediation injection system of cI aim8 further conprising; 20

an adapt or 41027} e @R8uibAn INBARATYLER of Blain 183 fcreill E2d Ratdle 72kt b 305%ed
for adjustable movement up and down the length of said lance and for releasable affixing of
said handie means up and down the length of said lance for providing fixed pbints élong said
lance for driving said lance into said contaminated soil and then reieasing said handle means
for movement to another fixed point and re-affixing said handle means for driving said lance into
caontaminated soil again.

12. A deep remediation injection system of Claim 11 wherein said handle means further
comprises

a releasable squeeze fit means for sliding up and down the length of said lance and for
affixing said handle means by squeezing said squeeze fit means about said lance; and

a helical screw means for providing the squeezing and releasing of said releasable
squeeze fit means about said lance.

13. A deep remediation injection system of Claim 12 wherein said lance means and
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havi.ng sel f centering seati.ng.surfaces.on._each end of Hﬂlmwﬂwwuﬁm
means for form ng a seal henwgeptsaioh~fersgitubul ar ter
nozzl e nmeans and for centgring gayghirst tpbular means within said second
tubul ar neans and for all +ew-{ hrough said adapter neans. 25
10. A deep WOAORR i on i nj ection systemof claim9 furthe®P @BV g

a handl e neans connected to said soil penetrating | ance for holding said
| ance and for providing at |east one surface for receiving a driving force

cont r of (13T eRts ir8 riclEuRE BFLrRr bR pnrihd o AR A ebRiq iy

cont ani fﬁ@éﬁ@'@ﬂ pnd measured penetrgtionof seidsantaminated sojlect i on system of claim 10
wherein said handle neans is adapted for adjustable novenent up and down

the length of said | ance and for rel easabl e affixing of said handle
means ug 4gndAsieap remadiation g’ﬂifpﬂalp systamy methed for iprsitu remediation of contaminated soit

17 pr @Mﬂ dioneid Wa!@daﬁmﬂfsp@bﬁﬁﬂvéﬁnﬂtrﬁtﬁﬂ%ﬁ wmedﬁy éHd%nﬁéHtaﬁi hpnce into
sai d tamP a‘% hen, rel ? rg sai d {:q | e neans for novenent
8?'?& a &prrgn%ﬁxqt\oa 'ﬁlﬁf'g pyptem AR Jomerdigg dri vi ng said

to anotﬁB ami
| ance into cont am nated soil again. 12. A deep renedi ation injection

f cl dl e f '
e castbl o s Rudho iR Shibni ST e atmn = SRt g n of said

| ance and for affixing said handl e neans by squeezi ng said squeeze fit 10

means about %@blﬂaﬁr@%@smﬁ@ﬂi capadity. fsm@cgﬁgﬁr‘fwg{edigf t%"&bfﬁﬁﬂﬁ ek u&fvﬁf' di ng

the squeezing an ea5|n? FeasSa squeez
about sai d | &Aebe added fonteatmedteep renedi ation injection system of cl ai m 12
wherein said | ance nmeans 15 and extension neans are measures of penetration

depth fromo andl e fi osition to the next for controlled and

neasur ed penz}e?’g‘??‘%aé"ﬁatg%ﬁ“&g%‘gpﬂ‘%ﬂ??‘Paﬁ%ﬂ‘“@éﬂentandasltﬂs?%‘w fhod of using

a deep rpeneiatiohibos ingatedrtaminated esn, &Ad holding tiine foreaBifiicnwary 20 of

cont am nat e gﬁsm kﬁp and ground water capable of progressive penetration both
|

verti cal‘ﬁ'/1 zontally in contam nated soil using the deep renediation
I nj ection systemof claim 1l conprising;

Activating a compressed gas source for injection
Activating a pressured water source for injection
Driving said soil penetrating lance into said contaminated soil,

Stopping said lance penetration at steps of penetration for time sufficient to treat said
soil

Driving said soil penetrating lance into said contaminated soil to the next stop for
treatment until the whole in-situ remediation site has been treated.

15. A deep remediation injection system method for in-situ remmediation of contaminated
soll and ground water capable of progressive penetration both vertically and horizontally in
contaminated soil using a deep remediation injection system as in claim 14 further comprising
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eval uati ng 'said contaninated soil as to contaninates and concentration,
evaluating the soil field capacity-of-sard-contam nated soil to determ ne

t he 25 liquid which can b ment , devel oping a
treatment gri dwbesteras to dep;T B ﬁ mjﬁﬂ!nd as to spacing of
penetration holes in said cont , xand hol di ng ti m@PCTaISy%isesY

downward penetration step, activating a conpressed gas source for
i njection, 30 mixin .a]ct.i vating a ﬁressured | i quid and suspended bi ol ogi cal
source for inj curngRiologicals, nutrients; NAregensmrakidepivhter) SlkRiciaits, B bALC G e

sai d cont dff pressutzesidnjection. stoppi ng said | ance penet’r%gl@ﬁ %F"E‘ia%ps
of penetration for tinme sufficient to treat said soil, and

18 driving said soil penetrating |ance into said contam nated soil

to the nex  Adeep remadigion inectioresystany inebHaliicl- ; whol e in-situ renediation
site has lseitand gre@icikhter capaths ps -I;-ngsrfﬁt hgg{agff%rérf"g%ﬁ’rﬁeTﬂ'eg?F?fb"fémﬂ@a}ﬁ\ated
renedi at | gg{’sian' eg@;ggg:jgfgm PR 9ﬁ:"ﬁYqEPfthiiMlimeiﬁnaﬂyﬁndmiﬁiﬂWl ed sgi |
and groun afiegn remediation/injecti ion.both vertically an
horizontal ly in contaminated soil usi ngJ a dggsg%ﬁ’aérse'néa'ﬁhﬁ]%‘ﬁﬁ?’ﬁwww
system conpri s%pn,g,; . m xi ng bi ol ogi cals, nutrients, hydrogen
per oxi de, wat ef’T 'é’&?ﬂm"&‘ﬁtshamwauemforsaid@{dt'fs,rd,mngl QdisERber2RRANCG ng and
stinul ating chistd said nfadiindiePsgienedi at 10 Sori-or PR VAHng langes
inddePsdienedi at i on, pri or ng
said pressured liquid and suspended bi ol ogi cal s. 16. The met hod of
claim15 using a deep renediation injection systemfor in-situ
remedi ati on of contam nated soil and ground water capable of progressive
penetration both vertically and horizontally in contam nated soil using a
deep 15 renedi ati on et onpri sing; form ng a di anond
shaped pattern for sailéligSHEET HASBERN hg sai d soi penetrating
| ances into said confam nRERLASED! -
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