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filed August 25, PP, 5 BACKGROUND Over 10 million tons of biosolids from
muni ci pal sewage sludge are generated each year in the United States al one.
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injection formation at | east about 100 m bel ow a_ground surface; injecting
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selecting a suitable inj n formati on bel ow a ground s,u_rfaﬁgl; i njecting
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fromthe ground surface by one or nore sets of alternating layers of high
per meabi dpplisatiamaind most jandfilabi | ity. The supply of biosolids can be derived

fromat |east one,source selected,from ,... .
Tﬁetcfore, ere ?s a need for an additional method for the disposal of

' biosolids that provides less risk for environmental contamination. Additionaily, there is a
25 need for a additional method for the disposal of biosolids that is less expensive. Further,
~ there is a need for an additional method for the disposal of biosolids that does not permit the
release of carbon dioxide and other green house gases into the atmosphere. Also, there is a
need for an additional method for the disposal of biosolids that can produce usable byproducts
from biosolids.
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the group consisting of nunicipal sewage waste) waste water treatment
wast e, ani mal waste, 15 non-human-non-ani mal i ndust ri B Decsiber 2002 a

. conbi nation of the preceding, or fromother suitable sources. The injection

formation is preferably between about 500 and about 3,000 nmeters bel ow the
ground surface. In a preferred enbodi nerit, the injection formati on has a
tenperature greater that about 25C gmfaer preferred enbodi nent, the
injection formati on conprises a 20 natural gas formation in a gas
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salinity of the_biosolids adding at | east one chenmical to the biosolids and
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invention wll becone better understood with regard to the foll ow ng
description, appended cl ains and




acconpanyi ng figures where: 30 Figure 1 is a schematic di agram of one
enbodi mrent of the nethod for the disposal of biosoli ds)Bbecanlsbir2g020 t he

« present invention. DESCRIPTION 10 Decenber 2002 4 In one enbodi nent, the
present invention is a nethod for the digposal of solids, such as

bi osolids, conpsrising injecting the biosolids into deep underground
formati ons. &hastiong by&r@ﬂ theioos ot nois ofi plerdatiegmlapdrs aftee thjdcting thel biogpdids into the

bi odegradatlo%mold% he nat ural geothernmal heat in the deep subsurface.
Blodegradatlo produ es “carbon dioxide) 5 sulfur dioxide, hydrogen sulfide,
met hane and ot her gasleapréftmed@emedxatadﬂ\eatebnmﬁnlﬂ\mod'@nmmmxmg)thdnhq
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doni nant |y clfgasing dig refe obmethinicEeRRmLon by Periming g Agtion Felectadeffagb e BOUP he
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sui tabl e supply o bi osol'ids is provided. In a preferred enbodi nent, the

bi osol i s ha‘?)%‘OE‘iff‘Y‘ﬂ‘@r’E’ﬁ%w%WE‘é?ﬂqf&W‘?m grngingthe smasrareof é'Ped&?FPEdsnat ter to

generat e expinghgimkthesatinusitte vissofids, AR Rast bie dhémidallto HR BRSARE ¥nd Hat al |
t he wastes be l%l odegr ?dabl e.or even organic as other solid conponents of

t he i nj ect ed®¥B°lé ‘wi || becone pernmanently entonbed in the
injections for matl on In 2 preifdired eﬁb&dxﬁh&ﬁtﬁtﬂeﬂéﬂbﬁdﬁdﬁ&iﬁﬂktﬁd&&d@ig&&fﬂt&sd%aﬂi sposed
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Anot her suita e%@h}% ) ﬁ’m@g '}{‘gﬁnfaggg iﬂgbg&dsa‘wu{ﬁl ed"f ?‘%‘ﬁesgl t es where

t he 10 Declnatosia, c@@e@gﬁeatmmttseaf the bisalids clmgins@lmesellmwloéthahwmids,wast es

can be 49 Xeo'ad‘ﬁin%ﬁll?&st‘&{e @ﬂk&m@%@?ﬂa? @Bm%n%?pﬂlb?&eﬂg straw, or it
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FIGURES

, The features, aspects and advantages of the present invention will become

better understood with regard to the following description, appended claims and
! accompanying figures where:
30 Figure 1 is a schematic diagram of one embodiment of the method for the
disposal of biosolids according to the present invention,
DESCRIPTION



sources of biosolids are pul p and paper m || sludges, waste oil products
i ncl udi ng greases and waxes, and wastes which are ri cH DacambeagDe2 debri s

. dredged from harbors or estuaries. 5 After providing a suitable supply of

bi osolids) a suitable underground format4 on, designated the "injection
formation" in this disclosure, is selected below a suitable ground surface
injection site. Pref & addlembodifaent] e prekdnoiavéntio ishil igdthgdfoOmi tigposhliogh
permeability sand foroation) si.gnificantly .bel.ow usable groundwater, if

D eoent. 1 n IR BNGHIG, SrErns Rt RE B R | s or eat er

t han about ZIaffationsn The hfucted biokodits yre flien Bltowed do iteppibivdegradation, tukigig the) ect i on
formation is_bel ow,an rou ter which could be renpved for .hunan use and
bl ow mul 1 SR EnaRia e ras s bt 5 ekpledlon RO swtet ASHAG

per neabis| i t yylfurdiokide,f Hydwglesulfidey methane aid ofher gasesre T genéngted batbak ditddeript | on
zones. The hyj rpeability layers. wi.ll . pr rabl y be.sand i gh
porosity. Tﬁ%sg owg ggf;%%q&wl bef\%as%lrtéswq] soglfrbgef%r %er'f"%&%er*g‘fé”egh | es and
ot her rocks methabai Thenresidie fpmthebindegmditivatis hxatenaleh coljplt matarial hackepamdst y. | n a
preferred enbodi nent) there should |.east two alternating |ayers of

hi gh per nealgfﬂaf%%é%“ﬁgevr\?dp"é?’r?é’é‘t%eir?rlg?"ft{s”énﬁg?%ti ng any usabl e groundwat er,

if present, and the &respeferedgemidinmnt, nmethase geoerated by theplegrading biasoliys ipr ef er r ed

nbodi t . i i hi gh
or raar | 1 JUiSiaE ot Alefliof Sy Bikhe, o fiocled B IR LY Bh Bockler ® 97
present, an@reféreed gmbprbiment thewnts of hiddegradationgs Increased oT he rato ofaetbangi | abl e
storage vol 'ﬂ%u&fon?]{x Ar't&r}a&ym&%&&%%&%@#ﬂ&g&m&w on the

appr oxi mat e aver ag Ickness and area of the injection formation) the
aver age por @dusts isideqreased byj ateningonviranmentel copditiong in the formatingrar by adding

conpr essi bi lgifenQf of tﬁ@tcl’ii‘,jho?ﬁir %«Qﬁsﬁaea\%&&nﬁmﬁ&o&&h& o?ﬁlelﬁﬂ)g%lfd? kRAY Ry those
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with skill in the art with reférence to this disc|osure. I'n anot her
pref errldd ediinigrtedinto)the fosmation.c dhe prasenomethad; Rsevidgs signifigank eost seyiags amout 100 m

bel ow the glepirsdmetidlbaseits oVl rrift ichndichicd Bt heAdispbsl 8FRoRAGUIN tO insure
that the injected biosolids wll_ be sequester even w thout thick and

Is wi |l b tered, ¢ ut tf
clearly defined | ayers vend infhisdisclosyreyghe e ﬂé?sﬁﬁ%i‘qqeﬁi}‘jd 3 selidpartickseharri er s
and hi gh pemfaaahthdtafeydofridahty apasddior OfFakio MeBrialbpeight.c, and deep enough to
ensure that the inj eg_%ed If"PéfoJ‘bl ds wi.ll not .Qose a .30 ? tentital reat to
the environnment or t 5\/5?'3 PrPssay invention il mow bs disrisyed 19 prgater fiefalle o 1 o
al | ow #00s olHirsks a isuifable sapply dfbioolids istprefidedc I v prefiepsad embodinieng tipchiidsolids! ar | vy
preferred enbodi pent) the _inject.ion formtion i et ween about, 500 m and
about 3000 ‘f%ﬁ“@fﬁe{'@“‘a’f‘%’dﬁﬁ °§§}?&§?g$i° Or?LaGPc[%‘Et%FTg’eﬁmeﬂ%?pg” 1€ i nj ection
Site typi calghantitiesopd infediand. €Is i5 nbtusnesidy MHACalink: wistes be biadegradablelor avend | ke t he
| arger areas_r Lred f surface.landfills. . Further..dse of the gurface
and 1 taert omern ARG pRLoctindfS EMR Rl hpT v PPy bl oy “Che
di sposal actentombsd in shednjogtions formatioe surface | and can be returned to other

uses. The injectio bleforRi Snbdak iﬁlglq. ﬁqﬁ:? i pr esent
nmet hodszsshoulvg%beésel 2‘(’:?2‘({? 0 g’ﬁ%'ﬁ%‘%a 3}$s§l$ote %%@Jntgégrn o%%gor? wat'er s
by proper |y wikbeduaivedfram mpjsipaioevagedr yayd watrdzdatnient wastes sughhdspnodderdbynot
outcrop or ia'lﬂaj& '%ﬁ&armmﬁ?&wwmmﬁm%m@ héRas! S of
formation flulds can be used to verify that particular 1njection tormations
cont ai n onl scrapsg sanitary paper productschnd perelogical campeneniss as welhaswrindsalgnattes ower 10

wat er sourc ' t t I £0] ' mat i on
o pr o oxi ¢ gl drfbufts BPorRhTirile) Bt o sierfE a6 Elfptel i end bl

format i3n i dntroducet iritmthisywaste streamdbrbeghrthe Municipad sayensystemi such asseleendmadcidss capped
by an unfra - relatively |l ow perneability so as to inhibit
further upwar %ﬂ?ig%gﬁﬁ%%%hent. This con&guration allows for accurul ation
of 15 gases gener at ediwnothetiwigablecsauice of thé bipsolidsis animhl wistes from sitasowhete thf t he
gases for use as a fuel. It is further preferred that injection sites
selected for use with the present nethod have existing gas collection and
measurenent infrastructure, and |l ong histories of contained injection
operations. For exanple, preferred injection formations include oil and gas
trappi ng anticlines which over geologic tinme have proven to be conpletely

i solated. 20 The overlying | ow perneability |ayers, when present) above the
preferred injection formati on provide a perneability barrier to upward

m gration, as can be evidenced by historical oil/water accunul ati ons, where
the oil mgrates upward until it is inpeded by a perneability barrier. The
at | east one additional overlying high perneability |ayer acts as a fluid
flow sink in the unlikely event of a well casing cenent failure or a breach
of a low 25 perneability |ayer.
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For exanple, if the well casing cenent fails or a |low perneability |ayer is
breached and fluid m grates above the | ow perneabil it yOlDetembert 2002hi gh

+ pernmeability | ayer i mredi ately above absorbs the excess pressure and
mgrating fluid. Pressure will then declbne slightly in the injection
formation and_increase in the overlying |ayer. These pressure 30 changes

and fluid ni%imals ¥p raisad onkoupede Fihe primgl wteﬁmhe@%eqwém%ormmw%nes
and peri odi csuwﬁ—‘&é QQ&Et 5rrsﬁﬁﬁror3%&5%§fmxgdlmdhﬁ{neﬂl MWL offlefbabmon of the

2
waste material wll not occur unl’ess the second ﬁl gher |gh permeability
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absorption in the layers above the injection formation woul d have to be
repeated for each setAfsr PFH"&‘\“%&“%%"PPWWEﬁ@hﬂs@wswmﬁ?’ﬂﬂ"&ﬂ | ayers

above the i Nfofifdtiontekifati theOMnjechin RitmSHORTRI Bis dclSstkd, M NeRotdd HE6 b S4iABle
formation for |nJ ection of hiosolids . ~ 5" accordi ng to the present
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bet ween 1000sma fondatid inificamty o Batilé Eééﬂﬁhw%téf fiPprBsentVR aSatdifladpnds are

poorly sorted and rabp%e In texture fromvery fine to coarse grained. An

appr oxi mat el Brefemed smbofiment, feporosity is greates tha ‘1'-‘1"9‘ 10&- i ericHiarE preferedoul d be

\% eSﬁntw n téthﬂao&nmpb 2 mmmﬁ:]leﬁ mmh uommﬂéw aiy r&?%ﬁ:}?cﬁ&lﬂcﬁd&hﬂ%lr&ﬂbvg@fdmtlon
ich are interbedded, w | or i ons providing

addi ti onal glﬁ‘&aﬁﬁfed‘“gﬁ lpy gulbp, {j“"‘% E“FF’“‘E‘l:‘S‘éI‘H"’be easj |y

][mn: Ej 0 ][ ed. Tﬁameanch muﬁmoWam&s £ hﬂghllﬁeﬂndaﬁ}l@ ftﬁﬁfﬁbh sdtﬁtﬁﬂ z’éficasa mamgfslt or age
ie or at ten rs eol,ogy. of the Wou e we

char act er i zeﬁ“ﬁ 'I]’%lja’@’ Will; prgf ¥8g ?ﬁ‘f‘é&‘tff’%‘ﬁ %?ﬁéﬁ?"gﬂ W 13¥9%ve been

est abl i shed. wﬂpﬁﬂ'&ﬁlﬂycouqidsemﬁhdlftli&@diﬁbquahﬁlgm@méraﬁﬂlamwhbsﬁqﬂbd be

used as n observa for. IL.torin 0S he re bly,

t here d BRHG &r %(?bog%epgg{ ‘HK“\%&PT gtq‘faﬁte'fvﬂ A iﬂg‘ Eyﬁ dwat er

woul d be r egwhmbiﬁt)eand lcﬁ\xpemsabﬂaj sepavatirigt any adblelgmuadmdsteif ppumit,emdmé

enbodi nment , nidon inel, r r n the

eegf%r nr}torr{l i %la]ﬁ%té ul n?gge??rgdh%giwnga{t tﬂgtrt‘, \Wont bd aHu!st

sel ected inj ornmation urry under high 20

pressure, sﬁwalttm#@g Mdépéhl@bderblyamlﬂmsed lpvtphrmeskbility sq:naratﬂhemafr\tsahk th

reference t Qubfpagarti ;3) r S o deBifer SELCRGS foRacdh, @ Suitabl e injection

formati on and injection site, the injeéction equipnent and associ at ed

facilit?ls are | ocat e'ﬂlelmmalﬁmlablé&tom? a@lemota@lwp@wn formatigngn B¢ ealculatedj ect i on

equi prent prigtaraihes plogil L@&?n%ﬁ@opﬁ\ewecﬁapfo%a&h thEaveragh th no
tructlon or roa

additional surface c wor k required slurry eqU| prent
and tanks arReresty ﬁ@?@m@ﬂ&foﬂwﬂpwﬂéﬁm@Q@GNWH‘E“RS%@P@W@@WBml ds slurry
formati on angrmibeGk Wil ARiaakBbd GE Mo A Winlae tRIMivideRRhal b misecure in the
handl i ng of waste material. Purther preferably) they should be able to
screen wast Si¥l8¥8ns on a continuous basis to avoid introduction of any

oversi zg material i ntiR ahdiker pR¥rRA ERALSIREN CBY InfhcliRFBmtaBod Wl terd Rhstasoure! | as
to nonitor 2@8 regi ster 30 |n! ection paraneters such as rate) total

vol unes) pr low e graupd eHpwdeath iz generlly deep epqugh to ingyad thatdhey) | y
preferably, ihjsasd ﬁb@u&sdvmrbelséqd&w@r v vAthoRamEk idelehdy definkdliapds 60 t he

nonitoring s stems t hat permt the control and optlmzatlon of the
slurry-form atingJoyperaysahility offyid flew berristsaat gh pmeability, fiyid ahsomtian ¢ onsi st ent

slurry qual idofiesAnRglecktR| axmetre&p éndligh 0 nRrdthAIRY ihjeGedbiskolids willtnbt pos€a best

physi cal attribuytes feasib
potential threat to the emnronment or to water supplies, and near cnough to the surface to

allow biosolids injection in a cost-effective manner. Ina partxcularly preferred embodiment,
the injection formation is between about 500 m and about 3000 m below the ground surface.



Suitabl e cased and perforated wells are prepared or existing wells nodified
and extended into the injection formation, and into tEpsRikRe002

. accumul ation zone if desired. 5 All wells used in the present nethod are

designed to seal against fluid and gas nggration and are periodically .
tested to ensure that mgration is not taking place. The capacity for each
wel | is preferably i Thelinjectiomsjte tyifical@ Gequives260 an 80,0 mbiafisursdce ind swilikel s

oo ot A ffel ks Tk Phof oIREL 1 Fl BE BERS surfBCH LB | 0O

bet ween mul t1p erval's, a 'eSI'te can provide |arge-scale
bi osol i ds nemeagdingthe pesgra gethod fsonlytemporare,and after teQdispnsabacgivigyf is coreplete,

enbodi nent, ga %1&” I t invention has several |ayers of
protection. %n outer ds#gggr%@%%oﬁé‘:‘ﬁg}éd the surface casing) extends from
the surfSace to the | diheinjestion siteand injdctiomfprioation For ugy io tirechrestrd methiph iskoult eel

casing is sy.rouaded iGafiF %g&, wﬁ‘gﬂg.; | . sing strings
(called theLt%rsgguctl glrga{%am n%%ow%t_ erqgsgm romthe yu?‘?g%g%%lg%%gédept h of the
sel ect ed i njapptopuiate geotogicali intarvalTwhich dogsnat guterop gt intsracbwithineanwnidesd by cenent .

The bi osol i e ot W Jd,?jﬁp {}?ﬁ% packer

| ocat ed at gﬁmtggg%bprl_aﬁe ept ,Ss or exgﬁrjrgwg?&g%g%?#o ag%_ c,u%f)-mto
2,000 m Cutisjeefion formations corain enly ancignh (inids and argi nohinfcommauication with ishatlawerThe
pressurg) of ‘;%I%JMj d will be constantly nonitored to i medi ately detect
any leak in the tubing., If nmaterial injected dowel the tubing 20 does | eak
into the annul ar regilbisalsp Resforied diat e sqlested dnjection formation dap RiF-eHsting Aptuglit er
steel casi NGy PhrhsB tiSiniphes thdt TheShjbstoH AstRgdAYs SveARABR L sSiRER hi2thafd t €T
selection of a suitable injection formati on and preparation of _the

i nj ection si¥cemuatian gongand 1sgappsd By 1 uptepiied layeraf relatively fowsparmeability saas The

L ransport  cap ti)ﬂhﬂ)ith}hjﬂ@dpwbﬁ& ﬁémhﬁeaﬁ&?ﬂgﬁn Thﬁ_o&hﬁgmgﬁ?f d.mdg ﬁjﬁb&dhmﬁ6ndqf N
owever e biosoli are transported. i pe romthe source directly
o the 1 oo gaera by dherathapsof i bowtoasd el o egtes 85 4R adielmat or | ]
as practical. Next, apis@erurPprsfefrbdithitinjectioR si6s9 s1€tbddbr dsb@ithihepadséds t 0 be

injected into selected injection formatiaqn, Creation. of ihi.s urry is
particul arl )/“ﬁt"gﬁ'é?’er%‘lfgf’%gﬁﬁ%f’?"ﬁ@gmm%tﬁmwcﬁge’lﬁng?% pigories o summary,
t he bi osol i dan@ined injeztin)oparatiene.NFor exaniple) prefelrrad ihjection fovmbions inolupe oltlargle an
aqueous biosqlids.slurpy t i S j t i ith no oversized
particles, aﬁ%h?pg’ m?l,# {’%’%fse‘b’?%‘rdv?rn%gg’gﬁ?ﬁ }hﬁ%c}’ ré?egéo\r,vfeor 3?%5B'ég°slﬂgéﬁmel | bore.
10 Dece®Mber 2002 9 | 1The opertyingriow geraciiildy dayers, wigen presenb|abole thsl prefesred s

desi 4 to. ot : ' - canditi i
the a6l ect ediearth il AR, SichCh i) bafid! i k(R0 LaTE Dlasmer’ "
cheni cal andhyiistirisgl ailéwvatesracquenulations, where the ofl wigratabipward untibit isdmpeded bpm t he

physi cal condi.t.d i.ns1.h cYol=Ny @rg%gqﬁé L Qe j Gal
properties (r}%hg&?ﬂg’ Hs a-lljérrr ?%%lggh(}ng%&e&&e*&?ﬂlo& nt ﬁgh%g%‘ ngy;eg?él‘%%ﬁ Af ter
t he bi osol i dRnidflew sink intheunlikely evenhef 3 willceasingeementfatlrd orra baeach dloclowd i n by

t he nat 4y al S esent in the injection formation and the | ow
per meablﬁlvi t)} zonesfyisl?vlr;&edi ately above the.injection formation) the injected

material is allowed tEergrampleyd troyelbepsing eamentfals or arleme pesmeability lyertis ons.

G ven a sol i gsachidehd fifid HRghalkd Hobdtha T6we babili ' { i yaate of
degradati on can be obtaingﬁ f?%nlfirstﬁgﬁgggﬁﬁ?gt%§€§¢p V%%?%ﬁ%ygahere W
mass of 'vol aifediatelyj beyeclsashs therxossh RrestiEnARd Aarating Suidy Facsaire will theme ¢, W=
mass of sol i ge1idanaly ithe iffecolfmation A inéredsS I the GVaflyihg Faydr] TRese phes@iner al
the value of k will depend 15 on a variety of factors including pH

t enper adQr e, changes andifnid migratian cashe identified hy magiters jnsated inbath zones, @3@9’@9@‘!0( ation
of solids. Ty8ineal I ocf : Radtd ' )

yi el ding a vﬁ S@é#g¥gﬁ#g§mbg?ﬁ%£ 0-609@hﬁ§§?g§%€|on pg%ﬁﬁ@%&@ﬁgé&ﬁ

cont i nuous i wilestthi sagond higher high parmegbility lagerialsp becomes Meghlyyprassized.sboe tine t is
determ ned by integration of equation 1. The nmass of gas produced will in
general be equal to the anmobunt of volatile injected solids 20 degraded and
is typically conposed nai nly of nethane (50-60~)) carbon di oxi de (30-4090),
ni trogen, and hydrogen. ' In addition to the mechanical protection provided
by the injection well design, and the natural protection provided by the
sel ection of an appropriate injection formation with nultiple overlying
barrier and buffer canes, the present nethod preferably includes a 25
continuous real-time recording and display of pressure response in the
injection zone, in the




first overlying high perneability zone, as well as in the wellbore arnul us,
to ensure containncnt of biosolids in the injection fooDetémiver 200y breach

- or deviation fromanticipated injection behavior will be noted while
material is still far below the groundwdter, allow ng i medi ate renedi al
action. Additiaonal process nmonitoring can include several types 30 such as
pressure re®aeHligmigirie ypkardsdram the injectipr forfation o the prarasyel bf%ﬂﬁgﬁ%fb e

def or mat i on,y¥BRELH A MRNhyerfdbeveréinyeiich foRfonT Wolll he ITbE re ORIl daliflset S Wi | |
be understood by those 10 Decenber 2002 10 with skill in the art with

ref erence t of high rergeabiliteadriew parmeabilify layers ahaye the injectip fosmationper f or ned at

several depths bel owsk heedmpleNsNabRE uRkRERounBRriafion 16! iRjeb R BloSoliqe t he
injection formation is preferably nmonitqored conti nuous‘1 y during daily

, ! I 01y . . X

i nj ect'ivn affeOHNIgHe the PEssERt inveption fould be a 100, methickugeqpsalidaipd saadsigns| yzed 5 to
eval uat e chpaghtivg 1fify Bedkéeanodd @'\ind BODOTE BAGH e FrouRd SRRALH, MABreaRsahdyagCt i Vi ty,
and to determ ne fornRtion, parti rt]lg pressure and nmaterial contai hnent) as
will be undRosky§oRedd ragesio ttirn IRy yery fing 19 FRarsy t AnAEpTeriERtly 308 this

di scl osure. mmaigﬁﬁgsa&b mfefl_iil'itsi férﬁiaﬁ&“mér_ial %adbbg?ekepiiﬁ@w dexgmﬁaﬂlon i's

epi sodic in_order t aci litate_ the nonjtoring of formation behavior.

Addi ti onal 1Ry \‘f\?ﬁ'F njeston,formatiop.cvhich are "&‘?’B"é’g‘iﬁ'r‘@“‘i high premeabilige ¢ i on
format i®N r RERAtdSs Pogiling Qddnel g¥Blobiy bikingh and'afaly kdnedafid WhELAIcE118 86ledity t hose
with skill in the art, in order for fluid to mgrate out of the injection
formation) B°BKE%h nust occur and the pressure in the injection, formation
nmust be hi gher than Tiecinjettiva Sotmationwaidd Bt Beeanised 20 b R staripe fleld faflgtiléason t o

t he conti nugus pressur.e itorin d [ vsis) .th r.esent t hod
o orab v SRl T By P he 3 MR Btk Bleded b inRERRS Bl ! 1
per f or m extisjesfioncformslibn wedld baverbdert establisheds Uk neylsy vl idnidopreferablyde\pedsént

integridy l.i.Cy 1.5l At j . not her
prefer¥§ed Z\Qnﬁgﬂ(;%n ,J%Aessd%roesenEOAn‘g?lL@gm?ﬁ%ﬂ‘ggyp&%é?/@? reflf’%g het hane
gener at ed fthenmwonld b @gipaatiadwataer epfractibrewellsjie the acka bndgroindwater whidd bet hane can

t hen be use I fuel . . ernatively) the nethane produced can be

| ef t underggéﬂargﬁggea@g?@r&e'hmé@ﬁg] y of future energy. Recovery of the

met hane i s pref er abl In adother posferred) esbodimgnt; the pRSenb ingentibn sluiestceeating

appropri at eqQ&ekOGin he 5B Aedlioh forMatidn®h i i8jellon IARA Bk Glas gy ¥, the
bi osolids are 1 njected downd?ﬂg)j bel ow fhg?,\%at erJ-oij or vvatuerlr%{.ga.s lg%’nt act in
a geol #yi c PEHEL 150l by paderined by those With skilhis thgart with 1frenge to,thig disclpsure. t hen

mgrate upwards due AflerdERitioh ¥f § QGHIE HjdcBéh folVRiddR BRI ifjBction At Mk iffe@ihde
produced by the degradat,i on qof  biosolids accordjng to the present invention

wi |1 per col SEUBPMeRt 4t griosigpd facilitns applocated it &t Wemtiarenh fo theywiestionsitehon di oxi de

Wil be secipelicy @oiphestordénbly dediyiest susfade brda®T 10,000 Mtordads] With A Mat i on
wat er, where the high quality methane wil| accunulate in the gas trap. The
di f f er ence 34ditiopdl senstyetipnsorgad werkirequirg; Al sugn equingment ad|tinky agt  car bon

di oxi dgs i N pefcRbly fllydnclesedt O Met hane (a ratio of at least 10:1) at
tenperature and pressure conditi gns typical, for, deep geol ogi c formations.

Met hane) in parti cul HpePreferred bigsoligsstugty farmatiens and jajectiondpparpusesishopld bep

bi osol i ds i givitodrikatallp efufe R thd hhtilifg oWt iR AR CFrthed piEfeRAbIYPHEYof1d bé

el i m nat ed d carbon is permanent|y sequestered in deep, saline formations.
10 Decenber®* 608 Vst Sgaticins B“Sfbgﬂﬁf%f‘ég'ﬂ‘? R §VHEES ons used
accor di ng tmatediad ifdd e Alibdré \haidouldrlead o Blockag las vel| itb imlokitdrRadrdglikt gener at ed
in sur qace digesters or from surfgfe . landfil I%ef,o(r%ﬁ\/\o reasgons. Firsts by
per col { i ngMeFHBRBRMelsFs Mueh 3 Tatietotal Yolumes, Jessiss; oty snd gPrRRrdn *alhe car bon
di oxi de congf¢eAddifdnally freftRibR, Bies ShollRISASuddivhrtiabRespedd @otfol Ciatked 6 the absor bed
due to the nugh hi gher sol ubi,I’i ty of carbon _di,oxide ielative to nethane.
Second) t heMPHtoRAR iysisms dhabpesmit sheroptent apd eptimizationpldbesinry fQUmiAE i on i s at

hi gher pressure than nethane generated by surface landfills and requires

| ess conpression for storage or use. As can be appreciated) once the
injection formation is filled and the nethane extracted) if desired, the
equi pnment used for injection of biosolids and recovery of nethane 10 can be
renmoved and the site abandoned. This returns the surface land to the
condition it was




in previously and | eaves the site uninpaired. In a preferred embodi nent,
the present nethod includes increasing the rate of bi nype¢eastai 2002 of t he

- injected biosolids. This is done by altering environnmental conditions in
the injection formation or by addi ng substances or bacteria) or by

adj usting the biochem cal 15 properties of the biosolids slurry that is

i nj ect ed i ntcompdnents ey Fseto imainjaingonsistent slogyrigualiit dnd delivfent latef a hivsdlidn slprry o
optim ze the.hi i R I n anot her preferred enbodi nent) the .
present nmnet E’f)@ I'nc Lﬁgg%gt&bg{ggfe%%ﬁ?'he rate of production of undesirable
products such as car [Svitablhi aasedded pafordted wells avei piepared dr Exisling grells medifisddde. For
exanple) th o] i Lol i i L he 20
Fomper at ur o 2R i EGRE ARG Allof TR i b BB R0 HaL el

physi cals pr dgewelisaseddf thetpeestrit awthod are designed éo ssallagaingt duid apd gasimdgrstiomandpt i mum
envi r onnent a{-e%eri i a8 & i ol & mPEEHhE S1add. 4 ent in
the biosolids qngdlna??%?e '?% n?ﬁgﬂﬁlnj ctl og: fgﬁgPSﬂ; .ﬁﬁ%lﬁglmfgg&gﬁef erred
enbodi ment , wsildeirgfeebilytin 8 rnge €55004p 2000 mrer daysof fiaselids suirng By plecting i at e
natural or GaeHd dedb InfecBBObAYER! A alRRARE bawbdn dilfplDWORGh Bterfis, Q%inke
injection, or after injection, The 25 inocul ation can be used to increase

t he deconpodite Fa8Rrqvidedargg-soplgdigsolids granagemens capaciey MEMANYNEHST t he specific

tenperafpure and pres gk Greffdd bhb&MtRentlcadtl\ell RbFilthOftedrt iTRhiRAMasERLR O to
i nhibit the production of undesirabl e deconposition products, such as

car bon di oxilayers of profegtiongj Ay pukr sieplFasineiccallpd thesurfasg casing) pxtends fromther j ent s and

ot her chem Gadfacefo tBE BARITosPEBMN of anyPikatle BRuhdWaRe. Thidkedlchdily idmub@lddéd PH) or
oxi dation potenti al bﬂEh’ can he added to the biogsolids slurry 30 for the

same pur pos &¥ cepeit- Dne arjpere agditgnal, stesl qasing strings (;alled the pradution eAsigglsinds

bi odegr adat ifem ®é surfice tolthecdeh RS e aaiedidddfjetivn fotmd@on i Tis AGH S GisdlM

requir nts. Extrinsic potassium such as 10 Decenber ?(~~t;' 12 soluble
salt pdrassiStHPLAdicaRetKc1) can be added to an injected biosolids slurry
to pronote bacteri al The blokdlids lorbegispasedibre phinpadsiopn afsesirtating fasita pablesi cal s

sl ubl e o doe R BRPERR epft I stiroles 395 PR e e Dol o
expul si on t higt tulsiogis ap amuizs regtongiled win floil. (The pressofeaf tédfiuid will bezdonstamtly he
formati on. ' l.e e..of, [ dition. h i psol i ds
slurry, t he'r%é oér’%(?lgvbglﬁfeg# %@ d‘rggﬁtéﬁ gi'*g?%‘u‘”n%q“%ﬁ 'agfﬁ ' ué!"g@'b%trgd éﬁﬁ‘c‘ﬁé g‘%’ﬂ% ai ns
pot assiZim t [daes leak intb thvel apmylariyegion, ¢he material is stilliermtatned Mvithinah loutersteel effingqueous
exposur e, highteaner ﬂﬂ,dd L.al action. For exanple)

bi odegr adat ivg%hilﬁ an ?Er'l#&e‘@lﬁl 0 %@%&?ﬁ%ﬁl'can be limted by the 10 supply of
phosphorous present iAftepseiection ef@tsuitbBi inisetion fymatianrang prepaation@bthet o i npr ove
bi odegr adat ligEtiof st G2 bihs iR be t2hpEAL tb kfehinjbdlioR SRS PR bANDort 8 t;gq,g,%agnded

with the first waste streamor injected separately, either sinulfaneously

or al t er nat ibAgd fpasport-nIn 5 prefegred esmtigdiienty Jowqven the bigselids asedrapspertedsby st e
sour ce 251 Ch fioh RO SARRAEUS (6 i(g&ﬁ&\ fifeOWhign G168 84 c16%e @he Burde 0P ™M

phosphorus-rich gypsum wasStes. "phospho-gyp"). 15 In anot her exanple, sone
wast e st rearﬂ"‘%’é&‘%ﬂgﬂﬂ-eri | e biosolids due to their alkalinity, such as
waste streams from PaRE!, aphgbsisiufy if peakddior 82 bidstlid? iFtRY infeQedihTRY € o
bacterial degradatjon of t he wasteS, '‘a second waste stream which is acidic
can be bl end®eCiipiRcioRdomalay SraHonRf this sigvis partiqylarly predrred fallew s to
pronot e bactjgedish ol bdshRl. O sBhmhrye the BioSEldS tre Sizbl, Isdteened A miXedW@ith anot her

exanplg@ natural or genetically engineered bacteria can be added to an
inj ect e bi FEHI tRrodios AR Jaueens bigsoliy dude Batis a consisteny mix fvith ng pysrsized

enbodi ment, phfiRled) 36d K simbRAGER IR iRD 3 PErPRhed SR&GIBogeCause of the tow
concentration of oxygen in the injection formations used in the present
invention. In a particularly preferred enbodi nent) the bacteria are

met hanogeni c. 25 Additionally, a plurality of biosolids having different
conpositions can be bl ended together to maxi m ze biosolid degradation in
the injection formation, or to maxim ze the rate and quantity of nethane
generation, or to decrease the rate and quantity of generation of |ess

desi rabl e deconposition products such as carbon dioxi de, sul fur dioxide or
hydr ogen sul fide. For exanple, a source of animal waste that is rich in
organic material can be 30 blended with a source of waste nateria such as a
pul p residue, sawdust froma plywod mll) thermally treated wastes, or
other waste that is less rich in organic material, and that is al so
sterile. Tie two waste streans are blended in the optinum proportions, as
will be 10 Decenber 2002 t.s




understood by those with skill in the art, wth reference to know edge of
the in situ conditions at the injection fornmation andl®iebemidra@06hce to

. this disclosure. The tenperature in the injection formations used in the
present invention can vary from25C (e.g9 1 kmdeep injection formation in
Montana, US) to 100C (3 kmdeep 5 injection formation in Wst-Central
California, US). Howduaiprefarudteabbdimeitea biowhidd shorbis designed tocgenerisie methaoe Wi t h
injection fo i i N0 i i [ res.. .Pressure al so
vari o5 at-t e Bioel e B RP e oot oA BB, B O

i nventi on, saccdmplishefl bpmeadoring thd Cheirfival artd tiologiqal propdrti¢s df thechepitahletbiosalslsut 40

bi osol i da. s1 ey SERDEER he i el Faundl YR BEBLBLDARHE ot 0 ("

pressur s t hthe slwiry to abldevereffiant metbaheigenesatiopeci fic i njection formation. The
met hod for the dispos IORR L ceor.di . I Bvent i on)
therefore, has severa‘?&%%ﬁ] agesa}egﬁgcrt&ﬁ@tgéulr en%“l@nﬁgg%%@c ﬁ{’g'u@g
First, the pthesawrtl stress¢sgaesend dutbe injactien foonation e the ko pesmeéabilipzants an sur f ace
wat ers and gﬁﬁgg t (R AF=E RN o1 fioh, ARk Glertdi§ Lf lication
of biosolids, beca sag&{che “_osolfl__ g are inject e:%u‘glgm ?(_:a%tqﬂﬁg/&g(gl ow any
usabl e sour cdegraflatign vudstenaciobic conditionsl, Giverea palids; mixturpinderadingaasirobic

Si gni T gANt | YodsGS ad e Br b Fﬂg@%w@&m%@ml&a@m {or disposal of
an equi val entgvgtﬁiﬁrre o%lg%i os% I sn Thi rd’.;t. he present net ((:)sd does not
permanently alter the surface |and aVcd¥ethe di sposal at the site is.
conpleted. Fgurth, because the biosolids can be punped to |ocal sites 20
for disposal) the present nethod s&g‘gifi cantly reduces or elimnates truck

traffic to dvkeraWr wassebeiitileinicated salids that-hayerd degraded gfierdigne th Worrgnaseofand

envi ronnent S§LgQRbRMRI &1 alapecfifcicat, @Rl H\=tline elﬂgh‘neh[l ickvalub BF k Wil ddpkdd N, the
present nethod reduces t-he anpunt of nmet hane_and car bon di oxi de rel eased

into th® at et ohfeciomipauding nH, tamperalire salifpfyi RixineAToypt. pidfesPmes. Sixt h,

met hante 25t péx&elh meebnéehukzlma dﬂ?ﬂ{;lﬁ?@}ﬂi&ﬂvﬂﬁesb&ﬂﬁ&éxb&&nﬁﬁﬁ@bdmg& of thﬁ)'

present methqd. can he col|ecte as, an energy._source. Seven

bi osol i ds dilgg@%?"aa ¥Hjl?f3’e't“’8°'t‘ﬁ{é6°§$§%%?1’f’“‘f?é?ﬁx ¢ BPF SORBRYOUS IjSEHoDn gt of

bi ols_ol i ds n&nagﬁdmh dt"Idif ntegial :fehﬁiang Ia.gtem?a&medlisvﬁetchniaarmenﬂd iRfegratiotl ofeyiation e )

application ods e to.t teduce r eljmnated need for .trucking the

By bsol 1 s 1 ol Tt s s bgieny i iEE B Rl detinibn i SRl okt

t her e 120 shodegradedand ripgically doragpsainmatly of meate{f-6a%), caboit diexide30d0%),0r t he

di sposal of hjosoli gﬁgﬁccordi ng to the present invention. A 1l represents
Ie

the surface TEETY r?gse?'or age, sizing, screening, mxing, blending,
process 10 Decenberin 2@itonl td thevmechapicalpyotactidn prowjdediby the injeetiomwill designt he

formul ati on j i Jo L LLr (W] J into a
o eot onf oA bR piita A Rda b9 il ik th i Sobrcpibe B KMadol 0, °
wel | in an awitamultiple pygriying bamieswid|bulfertzZoues, the present vethodipreferablytinddudena such a

1 e ) - h
e of 3 he §oafibhe SR redofing it BB RESRE Mefihcin SPHRERALSHe, BE | 1D
been pl aced fmstcovirlying high phirpdability zongies avell @s in theawellborsapailes, tgnsiyecone

solidified b r i arbu . all the
met hane pos s%eﬁ{agﬁ‘ﬁ%s? d E{géarﬁ%%n%eer Q{%@ag‘;‘?‘%ﬁ‘%@p b{\%cg%gtﬁ ?vgr%% ?‘g‘(r:le ss, A3
beconmes a demsdpaigddnjection behasioy willkhe noted wiélp materigl is stflfaxpelavhie grogndwaten, i n
carbon 10 anﬁlo?&v@%m%ﬂ@%&di?@cﬁ&”! E&iﬁdﬁﬁ}p&%{sﬁn&?ﬂ&g@eﬁﬂ GRuBE GRS pest NE

conditions in I'njection rmation. " The sequest car bon and”ot her
or gani c3tho! essioh aspresiuiré reparding mrdeanalysis temperatyre eacerdings asurfage dgfoswatinouse

effects. A4 t i N} 400, J i j 0sol i ds
slurry, A3, ﬁv}gag&rlgtﬁ‘jg%c gé&?yﬁ, Jlmgq{l)lk'% %l]é’ﬁé @?’té]kr??ﬂ %oargg@llp@yh@%{og@r”ﬁgg%i lity as
to accommodate the excess slurry 15 fluids without |ong-term pressure

buil d-up or interaction with shallow) usable groundwaters. In general) the
stratum A4 will be chosen as a laterally continuous stratum of sufficient

pore volune-and fl ow path connectivity with adjacent strata to take all the
wat er expelled fromthe biosolids slurry during the conpaction process.




AS represents the evolution and upward novenent path of the nethane 20
generated by the biodegradation process. Such novenent0 Decamiteer 2602ir al | y

- because the nmethane is of a specific gravity that is far |ess than that of

any interstitial water, and therefore tefgs to rise through the porous
medi um displacing liquid fromthe pores. A6 represents the porous and

per meabl e Stﬁvﬁﬁ@nn\lﬂﬁheaﬁ%?@ér%@%ﬁmdis&%@e UtHeQhkhitodid3q péremRdi on
and pore Irqurd di s ace roces'f% and from vvhrch strata 2 the
gener at ed nettfgyre! depthsihe H"r pyndya se. Tfiis zone -MA6, is a "trap" for

the evol ved net hane bsaa;uﬁmqiresamsw ﬁt@bfj&tx@ﬁﬁhwbﬁ r&ér&ﬁljih'ldﬁﬁ:red/\lhl ch can
be in the form,of sltructu cl osur #hfold .b t hat formanr verted

e
bow , as shof@rtinygusly dying W"Jteﬁ%"“faﬂ mg Y shuiig pB‘Fs“ rpafion is aalyzed own,
in a cglnbr natole@ﬁluaé cHahiging foematiof flow aaoﬁiechgmheprméﬁhh mjdahﬁgosndtbon of i
per neabl e an ermea strata. ) resen the, ro overlying
Phe T ni ot | R CTBHOT Baiog Presuss i paletal enfeier d) B ORISR, hat | yac
cannot fl ow thpmd: skitirin wigharttwith xﬁ&reeeaoaﬁedxsd\ds&e Pt-&ﬁeably, idajeedvaaito 4202 15
overlying rogcks.,. A7 a npn f ctur mnr.rral fractyred.so that
the methane DS 'é‘?@&'b%"?‘a <§er g’ftg‘ffl’%‘ﬁglre "é‘f“é%’t%%ﬁ‘?’m &R ent s one
ar nore convAdditianabbiosghds with hbtsbetlhyattedaﬁpmote it the injetirefoem4tion pentdie high

accunul ation_,site.A6. . The e|t gx st at the.sife before
Che s Bhor gptsfauy Bioh.” IS st Widetbod (bR HbHIK R s oldi® 18 thlf

cement ed wel fngratpeutfoorhatned:umofotmatont érm-e@hsnustammfrlaodr\m': ptessutelie tlmenlubduon e
Depending ong] &o %&éobr%;hf tﬂép}eﬂﬁ 4 A é%&%n%th Cadith ik on wells

AS may be ver incline re rese §RSuT "Sce
facility for cqnom@ns gressmatqnmnghad amplysis,tbepreseat tecthqdan:ftfeeblyrmchdmhasnga cl ean

energy Sour Ceyy ﬂ-éﬁfeﬁ@&%&@eﬁ%lﬁcaﬁ%&é&% R&Exbé‘ B8P aRGrasdsBREM 8l rectly

10 to consumner onme u user or ot her pur poses.
Al t hough3 t heevgluate aiell integribrand hydraulic wtaennmtbemswenbpwmsr der abl e det ai |

with reference to cerixahingpRiaidenaiie M8 foth: AL inSiRORERIhoa" ©

possi bl e. For exanple, the netho of the present I nvention can be applied

to the di spo%‘&ﬁ‘a’\?fgﬂseﬁmdcfi"“bt“ﬁé?m%ﬂ‘ of shejnisdted hiesslids. | The medagsrean theple scope
of the appengedasd alaiTusth Autbislatively, @.entemmé,ﬁshut:a dafiBe rée% ﬁ&dnaras 2ftored

préferred enbodi nents contained in this disclosure. nber 2002 16
Wi AT IS apawemoremr&mrgvnétefmmw wréhaa?eg’afé’%rrblbr’ms.bww% t he net hod

conpri spmg: ﬁbsouﬂmtodh ﬁﬁvr@prﬁté@blng@iorﬁhﬂﬁ&hﬂxd&rapﬁ}lg fedhadito\g PRIGAbIY, ibe Of the
bi osol i ds sub ahle for 1nj ectrrt?e thﬁzv sel. ctr n% an i njection formation

conprising a g2t injpgted doymdin belgy the, wateroflory A1 3 BPBIG | east
about 100 mﬁb&hiﬁNn.&TQéWBﬁtc&tﬁcﬁﬁﬁﬁndd&)rbﬁﬂx&ﬁddmgtlﬁeh@uhhtﬁﬁﬁrkm‘dﬁdtﬁkmrI‘y into

thernjectronf romat i W 2q. hern oli rry to
degr ade. %rﬁ“ yr’?&??ﬁ? °'of S'g ?ﬁer?‘in vff*.‘e‘f@“‘fe ?fldg’(),’ dﬁg'?%i &’ +
separ at ed f r axoortling tagthe presknt iavention wﬂbeh:pla&rtla'ough fmaaorswatsr \ﬂfereahnchraﬁ&ter ng

whor o (R suBRY SR b} ea@O e GHRTRIRRY dioigoon dued SindRlfiPnTac) oo ca

fromthe gr owhmedn&ightquﬂgy mémmmnnwamme\hagegmapemu\mﬂhenm er treatnent

waste, ani nme v&% n ani dyst r.i
conmbi nati on ioefl “%f) f‘e"g’&? tﬁ‘g%“i@%ghe’ ﬂ'e%?hnt%f’ ﬂ de mﬁfdg\f,'\ﬁ% d %"8’? go t he
I nj ection fomathinedaratis of atdewstl10t Nvattempdraure afd)pressure conditions typxcal for deep

' geologic formations. Methane, in particular, is a potent greenhouse gas. By injecting

30 biosolids into the deep subsurface, gas release to the atmosphere is eliminated and carbon is
permanently sequestered in deep saline formations.



and about 3,000 neters bel ow the ground surface. 5. The nethod of claim1,
where the injection formation has a tenperature and t{¢pk&dsdabgre of the
. injection formation is greater that about 25C. 6. The nethod of claim1,
where the injection formation has a porosity greater than 20 about 1596. 7.
The met hod of claim2, where at | east one | ow perneability |ayer of the one

or nore alternating |Bscevesedofiething fromaieersiajection tfgrmativhs hsed apcordimmioithd t y

conpri ses sh . e. i : j re
ol tor nat i ng T vesdbift SFIR ol M seoiBl o ARt o RiePullge,
t hree pairs lkhdfdls fortwardasoys.| Hirsty by pefcolatiphthr@gipformatiah matersyin ghednjlection

pernmeability . 1 AL %g&gw-' i . ing.
fractures w {OFII %uoﬂ-ﬂtge%@%?ﬁé‘% c?%?énﬁéogrﬁﬂe@ ore 1n e(':j% ?%gg‘}t’ﬁ%ﬁﬁ osol i ds
i nto thes i njdserbeiduede thamiuoinhighed solhility wf cdrsn digixide irelative 19 methaneh decandpr i si ng

transportin | Erﬁ‘tg:! 83%%@ L - L0} I L | ore

i nj ecltoi ngI tﬂ#g@%ﬁ%ﬁs_ kk&@ﬁg%?ﬂg%hgfﬁgﬁ%%&&#}%r %gﬁet%gfr’rpri si ng

noni tori ng peeaersted by surfachlandfilfs awt iequires lessremprossicatforstdrageeoraies. oct ed from t he

group consi sting of Def oo lynbbhdd)Bads i iMEABR kdrAiichH fued P ufdsfdEREr 2002
of the DI

i7 the injection-formation, during the injection of osolids Iinto the
i njection foriaetedy i desiradethe eqrfipment wgd for dnjestiers of biesalids andyreceiery of reathane n
formati g andnde ribed!aHdl i st bbdnliéhel! F4i8 Ftitfls the surfadd 1end B Wl Udndifiorht #ad" 2)

further conprising nonitoring pressure in at |east one |ayer of the one or
nore of alt einPEavioyEly pid legves thesidq unimpairedi ng t he biosolids into the injection

5 formation. 13. The RB{HGETGS enfbodimeht] the pHsdnPREMSPRRNAS ifdebadif}Eheand 619 t he
rate of degradation, of the biosolids by perform ng an action_sel ected from

the group cobiedegriatign of the inicrtad bipsalidsy dhia s donebupiicties esirenmenial eanditigs in

provi ded bi omgldjedon foRtffidh 8f by'ilding Sutdiaf&o b hstedd, bPbyidjksBASihe Bideherfi@ET €S Of
bacteri a chan%:n?eg }Q‘g { enperature of .t he_bi ﬁl’%gl ids, changing.the salinity
of the ¥o biReXFteISf thefesoligs sharry hatis injecied it fhe Lormaticy, PHRY H7ogliatenotang o
conbi nati on téseattonf)1t6 6ftihiAothe Bibdegrddationpideed. Of anothad preféded sifibodiznent) €he

chem cal added to the.biosolids.is potassium. | 5. The nethod of claiml )
Further compereh TP T BRG dosiasing uE s G 2radibiop afinde i RisUL RIS | on of

t he i nj ect edcaltion slivixidd ssutfmddioddecane hydrggensolfidnne gener ated by the degradati on
of the injected biosaolids fter inkectinag th i asoli ds jnto.t i njrection
Formtion 15 16, Therdrarimie o e 3 istdeeded Extbe G st Bl 01 00°1 10
rat e of 20ret htempergfereand salioity bfitheauéaus siumy sathatdint resutting physicakptofertianof the gr oup

consi sting of. hl. [ . ste St j V.
bi osol i ds) { PRI i Rhers ERAROS ARG it HodepBaltbl did%e
changi ng t hespeciespf bartaria@resént irhthe biosolids andmativeHiothg iinjegtiorhformation niln gnotller t he

bi osol i ds) } ] 3 f‘ea%é cf.ir%s‘a ?ﬁgﬂﬁf i grat i on
of the prece |ﬁg&%ﬁbfgﬁ%§{’ b%ﬁggl&n%fe oﬁ%@?ﬁ%m_ )%\%w elf. . C gm cal added
to the bi ososenefisallysengisecaedshagieria tpghe tiolideenrionty injection.ciriafiar injattione Theie

degr adagg on beuiafign BinGs Addds iRAR R Sorbofifion B! of feBidsotlds MR Inbfartl OUP

consi sting of carbon dioxide, sulfur dioxide, ﬁggd.r ogen sul fide and

conbi nat i onsunger thgpegifie tempemayre and prosyee conditiens gthe iniectian, foration depdt, o tos
decreasi gt ik tePradfuctiod of SifdSHaBleHeeonPbRith podads, Moeh A b dikig]

hydrogen sul fide a?’rco‘r:rbi nation of the 2S pr ecegtik’ngc'b perf_olr marigsagurll. action
sel ected fr ofip¥dreanghydrpecacnifidet Fw@%ﬂﬁmmweashcmg. o BERBIC\HESH S Suchr eam
with the proyiiadmhi 8P, pi G okldatidnPoteh@s, BH, Bsieiaged b i3 bidfsollds afry ONE
speci es of bacteria, changrng the tenperature of the biosolids, changing

t he sal 3hi t yfopthesaee purppsest | ds) addi ng at | east one chemical to the

bi osolids and a conbi LO10f ' g}g&egﬂ im 18,
where the chem cal a _de& ?@?’hé [ o@%lgféﬁglselag’p%%t?%o&bﬁem 3 g%?’gprn‘gt hod for
t he di sposalinis¢tedbigspbifly eag haverhighrpotassiuin ceguigenienisn gixtrindic petassivay sughas suppl y of
bi osolids; b) creating a slurry of the biosolids suitable for injecting;
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t~ c) selecting an injection formation conprising a natural gas fornation
in a gas accunul ati on none bel ow a ground surface; d)i0il¢cemben(i’he

bi osotids into the injection formation; and e) allow ng the injected

bi osolids to degrade; 5 where the injectigd formation selected is separated.
fromthe ground surface by one or nore sets of alternating |ayers of high
per meabi | it ysofB@ shipporsinmRaldtidd (KC1), dab be Baded i@idiafcted bi6doBis B, to PRoRiol: t he
supply of biosolids is derived fromat |east one source selected fromthe
group consi Shapty ﬁ‘ﬂ&m“ﬁ'hnl ci pal sewage waste) waste water treatnent waste)
ani mal waste, non-hurmgemsd; 1&Bipﬁén€dmduﬂhﬁﬁoakadﬂiﬂwhaﬂﬁkcedﬁmﬁﬂﬁdﬂﬂﬁﬁpn of 10
the preceding. 22. e t hod of cl 20, wher ection rmation is
at | east ab(r}%‘tmfyoﬁuggtsgl@ © eV oF He ép%ﬂ’n%a‘w T@S‘&Q’e"“%s “GI‘HE“‘??@ghod of
claim 2@ whduriag tHeavaten pxplsion mhat mﬁmﬁmm:@aé&oommemm nabgialin 80 and about

3,000 neters, bel ow the, ground s ace. m 20, where
die injecti ofgRa5Og S 8“3%?%(93‘"86 ?tu yum for éddgﬂf’&t?ﬁ’s bio é%§QMr£c'%?ret he
i njection fowsd bofinelysgraindpbrsh feldspiar ﬁlﬁduéonﬁﬁepot%mm'ﬁm xsrmimpﬂb@itectzhal m 20,
where the injection formatiqn has a Si.t reater .th baut 5 ~ . 26.
The net hod d‘llm‘é’f' %ei'ﬂﬁueﬂﬁ?é’?équﬁ?“sl ‘fm’ “B%”E‘@Wé‘&@? i’r’?@ 8§/er of the
one or 20 nore alt er rEoriexagnpleq biodegrathtidniig hn inpctlma‘tmﬂatlmycaahdhhmwdmemereabl lity
conpris sh h one nor e of
o tor nalt ng RagiepEdishibufFEdta She flofbI bR HENS M BBABIREOL LT e
three pairs Mdeadad@pmaaoqu vaste steawirich ingrhogpbennesedan bé blgnded with ¢ first
permeabi | i ty, é%trea;]ml 2@%& Qitelg @Epsﬁ&mﬂeﬂgy an&ﬂm in Mk SaL 1 NG

t I'nj ebtion Fo

fractures W|t I'n rmati on fore Inj ctln ebIOSO|IdS
into the injtiesolidsrsluinyy Fer mmplezgwa%@lxwenﬁw Mwhqrwsme)meffmm #ehemical

conpri sing t I q,a%p(s yan injection site by pipe
before inje liﬂﬂgptéfkbg&gﬂsogﬁ%ﬁ 0. The r@%ﬁgg? claim 20) further
conpri skhg noni t or i ndnpraskes gramplen sameavasigjstseams epntein pipmle bmpbds dug to itheis

sel ected fro,lifey Qﬁcﬂ‘épwﬁﬂé‘ﬁfe&ﬁif?&n?i pebstb@ichon flifkds! Bforlidtqo PloftiRl i ds i nto
30 the injection formation, during the injection of .the biosolids into the

i nj ection fdmaal deeradationgf theiyastes. asgcond wasts wewn which ispcidicrar be bleaded | on
formation ar\ﬁkﬂ%@ﬂf?@&@ﬁhwm&m&bﬂopnﬁ@@ahﬁgapmma@bamﬂegﬁdaﬁ%fﬂag 31. The
met hod of cl.aj Fg further conprising nonitoring pressure in at |east one
| ayer of them ¥hore of alternating |layers after injecting the

bi osol izs i nto the i nheetanotherfeganipdd, in@tdral &denéﬁbﬂlyrmglmw(bﬁctﬂ-la&aﬂbeo further

conprising i aS|n e .of degrada of bj os

o For mi ng. RS i e Bioha 1w foerous iseasBis 1L PRRISRE e it dheay

| east one wemtterisiddabdre uiakiobicsgecies bacaded the lbwannc@kst;anbnabaxbrgdnmgxet he

bi osolids w.th at Iea ecies. of act ria n rature
of the biosdf O"f?:rﬁﬁ Eﬁt“h egrefe"ﬁmf'en ’ ﬁémbhlc'gks"? 'Igf(ej’pge‘} } r% | east
one chem calth¢bncteheadalmtaho@mcand a conbl natl on of the preceding. 33. The
met hod claim 32, t I 0S ds Is, potassium
10 34. e net hod of '"°H1”ijo glflgﬁbhoglpmgogﬁ}%gﬁv} r%&zﬁe[" P%ov'ﬁpﬁs'honstcﬁ"a%eg to be
gener at ed byblgnd@bgdw temtiaimizebiogolit [degradafiendin € ijeation famishoamt to emgindzei NQ

i ecti ng. t e el of AR Uehtiod, orh kel B R By OF perll
claim 34) f meEdwwmdmmuomM| sne as legrbonediexids, sulfat diexide grehydrogen on by
perform ng agct &:8 §1% 1@%&?#{){26 i Svadll &gﬂﬁﬁ%' %“?g}a%%cﬁ%ﬁp. di ng at

| east 15 one wast e s provi de I osol ng the
bi osol i 35 wi tlénded wiﬂeamuroonéwastqsxpmaewcltﬁs apalptresidug, saptisshfomg plyiveood enither at ur e

of the biosq Q | east
one chem cal &%:g.ﬁ{%ﬁg%q%a%}% ggagﬁﬁbag@g%%%?%a{l&qngw a précegbng ﬁ%b The
met hod of cl srie. 3the twh arde fteamsdre bieoded iradiel eptintum proportiing,ssIwillibe | s pot assi um
37. The nethod of claim 20) where the degradation of the biosolids
generates a gas 20 selected fromthe group consisting of carbon dioxide,
sul fur di oxi de, hydrogen sul fide and conbi nati ons of the precedi ng, and
where the nmethod further conprises decreasing the rate of the generated
carbon di oxi de, sulfiu dioxide, hydrogen sulfide or conbination of the
precedi ng by perform ng an action selected fromthe group consisting of

bl endi ng at | east one waste streamw th the provi ded biosolids, inoculating
the biosolids with at | east one species of 25 bacteria, changing the
tenperature of the biosolids, changing the salinity of the biosolids,
adding at | east one chem cal to the biosolids and a conbinati on of the
precedi ng. 38. The nmethod of claim 37, where the chem cal added to the
biosolids is potassium 39. A nmethod for the disposal of biosolids) the
nethod conpr|5|ng a) prOV|d|ng a supply of bIOSO|IdS 30 b) creating a




10 Decenber 200'' zo c) selecting an injection formation at |east about 100
m bel ow a ground surface and separated fromthe ground0®ecémba 2002o0ne or

- nmore sets of alternating Layers of high perneability and | ow perneability;
d) injecting the biosolids slurry into t## injection formations 5 e)

allow ng the injected biosolids slurry to degrade; and ff) moni toring
pressure i n tndersteedshy these Withyslill in the artewith eefesencaty knowledgs afdhavasiong | ayer s

af ter injectipngibdie b 25@kbd orhdton shd'ith RiGGIh Qs AfBiken. 40. The met hod
of claim 39) where the Supply of biosolids is decived fromat |east one

sour ce sel ected fromThederppemiyse ingheinisetionfoppatiopsysed ip she presppfdevepliancan wast e

vater |0 treghRoh 29aSks. 1qmwnﬁaasﬂonﬂmnwmnmn9ns§mmbctmﬂa i al
waste and a conbination of the preceding. . The nethod of claim 39,

4 L
whore tHe | riFiSEon SRR A eshCrrat CArBB: Wek alaweyeh Sasbledimmenidiee 3. 000
neters bel ovyakiaRa Gh B Dskd Withfiféction fotmatidhs hillid \@alsi@iraby AEHEr dhpetahigdse t he

I njection formation has a tenperature and the 15 tenperature of the

i nj ection fORRHYTE ke varieyatdhg injectionformatian, flepghy @anticipgted by the Rresent dnvsRtiqRy aj m 39,

where the i nju@fds fdh {vatitIINIPA aEO 8 FAKnR dépatl 16'aBbut SR MPAQE BEpits ONbétWesd JAS
accunul ation _zone. 44. The nethod, of clai re the injection

. 39, . whe
For mat i on heAbou Y06k  Thogrfars aplers s 9t bipiolidtstury muysy e chottd bt hod of
claim3fp whaidiah telahperaite ahdpreRaredthadivillive ¥ndoaptered fa spb@fidiARctn Mor e
alternati ng#ﬂgxers of high perneability and | ow perneability conprises
shal e. 46. 4¥8%hod of claim 39, where the one or nore of alternatij ng
| ayers of high per nmeaghelnethod fordhd disposat bfEiadatitls, aycotdingad tHegacént investonpai | s of
alternating |ayers, of high perneability and | ow perneahi.lity. 25 47. The
et hodof o1 BN eEson et AvBTnRrS I bR g, st W BRI e
I nj ection f anérddireducdsahepotentisljaad téahithphdi@n Burdiee Wars ahdgrouidwater thaeehiben
formatign. 48. .Th thod of ..cl.ai m.39 ..further rising transporting the
el oct eff bi GReRAT wIE Sifis foicaepy ft et HecAit RN bl 00T L
bi osol i ds. 4égnififlyibelolvady ofablelsaires Ggroundwathe rSecandpthe piesapt method eywirey

pressure in e L Mol %5191 BEaP]'@n ' - : oup
consi sting os?élgﬁe 0 g&% nj ec |nJg t e%@%%%pr%g%#%gﬁﬁ%%}fﬁﬁgﬁ%I o?"%’r;ation,
during the idfjbioselidenThird, thecprésens gustiiod dogsmobperimancnily diet the surfage laad aftan theaf t er
injecting t | ld &S ;d € rhili | : %fcm" gﬁgb%il jon of
the precedi %sl)mapa}%\éﬁgggndgg‘?]e%gogb%gg&gﬁeéﬁ%gﬁg of @%ﬂ.ﬁﬁﬁ 9, Siﬁétxher
conpri Ahg ifaedigrasl,ithe prasent methodsignifisgntiydeducespr @hmznhfes mickdufficds distant
perform ng afiepaGi LitfandCinefeldrd rbdubdl the ¥oisd Y BnvidRifdned bditanRthatiDh £36LiAG at

| east one waste streamw th the provided biosolids, inoculating the

bi osol i ds wi¥ith igavy|taigktraffise speci es of bacteria, changing the tenperature

of the biosolids, chaigh, i préentSadiiodinddic&fthd Lifouni FaRitaflSanddaBbh Giodle | €aSt
one chemcal to the biosolids and a cong{ﬂgatlon of the precedi ng. 51. The

met hod of clTaiesedigto thamasphere ag eampated o spRes ARplicafipiofiiqselids; Jixth, dneigpe,ssi um

52. Thexset hpeluedd byl tRd degRdatioh Of bib@NidSREFding itd the PlekedlinEtfiod&h b BSllebed R
generated by the degradation of the injected biosolids and recovering
net hane gendiSaasRd eRSTEY PRVTGEe SPYERh Pigsplids dispasal;apgordinede theipsesent mgthod gan o

i nj ect]ng thedusk e ebst BEbibsolids hdh@gdmthignifantyodoiiparded Rith corVentidnal Iutfacset hod of
claimb52, further conprising i.ncreasing the rate of nethane

application methods due to the reduced or eliminated need for trucking the biosolids to a

distance site for disposal.

30 Referring now to Figure 1, there is shown a schematic diagram of one

* embodiment of the method for the disposal of biosolids according to the present invention.

Al represents the surface facilities (storage, sizing, screening, mixing, blending, process



generation by performng an action selected fromthe group coasi stng of

bl ending at | east one waste streamw th the provided & bPscdmbis2002ocul ati ng
- the biosolids with'at | east one species of bacteria, changing the
tenperature of the biosolids, changing tiye salinity of the biosolids)

addi ng at | east one chemical to the biosolids and a conbination of the
precedi ng. | Soditbring el pmtphm@qmpmmit)aﬂonmsmmuhm:mﬂsh@blbmbmmuﬂgdﬁﬂutw t he
bi osol i ds is_pot hod of claim 39) where the degradation
of the bi osofp ée%ﬁtzdn%{ryaatlﬁgcmy}gmqgeq ected fromthe group consisting of

car bon di oxi de) sul fummpmsetuhahehpdumgmﬂ (oudrkiinjectiam eheld ordm anay bhHinjectidn t he

e genar o IR AEoHbIAt LY NG bR TSR i ke ©

conbi natd on mfpldrﬂeeteQqunﬂ@dédohgef;ylhperfor m ng an action sel ect ed fromthe

group oansisting of bje Fgéﬁ d¥‘%i§1 y E[a asP" ovi ded
bi osolids, inocul ati ng t e I 0SO +’ Qﬁ F’Ethittl{agﬁ%h pecﬁéﬁs]ﬁof bacteri a)
changi ng the}ﬂplékypélﬂalghp@e@fwammxmﬂmbmgc SQllldtﬁ#gbngletgmtwthtnfﬂly of the

bi osol irds a émiﬁ nation
of the-pr ecglgg}b“%e@%méﬁhéhﬁ??g &@nﬁ?&sﬁ)@ 5““ %em c%rﬁayﬁg}éled to
t he biosoli dﬂ0¢°§S pﬁétmeamdergemsmelamlnetom@meebmwsatamsﬂpﬁ@mchm cashagsol i ds)

the met fpd Cﬁmmcwgguc ﬁt))leaﬁ&\ﬂ'la‘ilbv@ﬂ: it ﬁwtetauab@efatfme%& ifidh3 in 18 infdcB@ | NY @
slurry of the biosolids suitable for injecting, c ecting a suitable

i nj ection foferatopnThersequesiared eAhaand eRetArgrBicaRplecy wﬂh@t snlerithg atmosphery)
i nj ecting thgedshpsRbindisettigitd.y i nto the injection fotmaiion; and 10
Decenber 2002 22" e) allowing the injected biosolids slurry to degrade,
Where the degradat i onA‘lﬁePfq%@'sdT‘%@ﬁF'il‘Qﬂst@‘@H@t'&Pe‘%hlﬁ‘ thebiosalideyrey A 984 t he

group consi sijebted. Of\ﬂsfﬁflaﬁﬂ’ici@ﬁt% aﬂ%ﬁd&bxﬁi&%t&@mnﬂﬂdﬁﬁ@%&dé hindg and
conbi na{)q ons_Qf the precedin decr easi ng the rate_of the generated

car bon H oxi ids withoutlppe-tgrmp R "“’r‘f%ff’%@’é‘l’i‘e?c%‘ﬁ'l“l"ﬂ’cﬁg low, usabisisremndwHerss ¢ he
precedi ng bymge.te‘mrm Btgatifiil A4 Giill BE\cliogdnes fa SflerillyGhiinBusGtrat of uFfitisitipog Of

bl endi ng at ast te stream i th t roy bi 0so nocul ati ng
the. b ovol i ST 140w PR P o atdodsf SRt ke A g AE pragat om0
t enperature tﬂésohdlnsshbryamnhgdﬁ)commmgtprgcesdne salinity of the biosolids,

adding, at | east one, RERbiauiR Lkl B3k A0ad EATBLAFRLERST 1
formatiZh i sgesepted by thd bfodegradation rgmsmcstlsmmmnbgccwnmmaﬂmmg:ssébs of

et hod of o1 SANTES &5 bt EAJRAE|« s B SRPU BT WIRERL bkt 1) ot

one source stbtrefotectends ltcvmetﬂmu@rtbfuporwnmdm, digpledingrliquidcirgra thespemg e waste,

waste water 15 treat UL rgﬁl‘ﬂaﬂ

i ndustrial waste andngé]c nat |®%J$Ld§%a%§]eccse ?r@ ﬁe nmet hod of

cl ai m 57, whibrough the upwéevmnfaad nere ligwid displacemantipeacois cand froowhigosiratind  about
3, 000 gy er Sthpgéngf%eh A O Be SxtFabRE For use]l- ﬂﬂ-i%ngeﬁd"%da q;apct'o?'tﬂyéglged’mer e

the injection formation has a tenperature and enper at ur e
i nj ecti ~~n fBethanebemgusess g seitable geqlogical stptstyre, 2’9@“ cerzbeurﬁe form of structerak | ai m 57,

where the i ng&ele it ffoﬁ&i'ﬁédkﬁﬂt fofti A hﬁ&%d%oﬂﬁfaﬁh%kvngﬁ%aﬁ 9¢ ik Bfn bfla @ 02S
accunul ation zone. 63. The nethod of clai m57, where the injection

formation hadhangemsreskitpg, wat showay inaepmbimtin of {1 two, or/im g, other suitgblehod of
claim 58, WhgeRsiadn ‘L,?pgﬁﬁeagggndlgw pRRfedbi@istrhhy | ayer of the one or nore
alternating | ayers hi gh pernmeability and | ow pernmeability conprises
shale. ¥5. The net hodA'bﬂ’P@F@FSrﬂ'WkS\meﬂ)é"&themlﬁ%ﬂ‘tfpmﬁﬂmethe'taf%ﬁ’ft ernating

| ayers of hi d,oe@s?gcet se irs of
al ternating ?g-;/deyrﬁfsl of ‘hi gh perrrea i1 tymgﬁ% owx%lgrr]rlgﬁaebl Iity. 30 Gé}gaThe
met hod of claimb57, further conprising creating fractures within the
injection formation before injecting the biosolids into the injection
formati on. 10 Decenber 2002 |3 67. The method of claimb57, further
conprising transporting the selected biosoGds to an injection site by pipe
before injecting the bioso(ids. 68. The nethod of claimb57, further
conprising nonitoring pressure in the injection formation at a tine

sel ected fromthe group consisting of before injecting the biosolids into
the injection formation, during the injection of the biosolids into the
injection formation, after injecting the biosolids into the injection
formati on and a conbi nation of the preceding. 69. The nethod of claim 58,
further conprising nonitoring pressure in at |east one |ayer of the one or
nore of alternating |ayers after injecting the biosolids into the injection
formation. 10 70. The nethod of claim57, further conprising increasing the
rate of degradatl on of the b| osol | ds by perform ng an actl on. sel ect ed from

Y 1 g, . o,




bi osol i ds) adding at feast one chem cal to the biosolids and a conbination
of the preceding. 15 71. The method of claim 70, wher &0 Deecrabes2fP2Zal added
- to the biosolids is potassium 72. The nethod of claim57, further
conprising allow ng methane to be generated by the degradation of the
injected biosolids and rccoverWg nethane generated by the degradation of

t he inj ect e@vaslyingapekg 47 agef noarfraptyyed cor angymingmally] fsachiredcsg thahthe methand ¢apratt i on
formation. £3,,.khedtEbfshePdievaligi. M 72) further conprising increasing the
rate of methane . . 20 generation by performng an action selected fromthe
group consisting of BSPRIPSERSs ene ar apse copmentioppl gas wells thabheximaet ithe mathase ovi ded

bi 0501 i ds, iRl RhSlatoRGiDAGS Th £15 welld, M kithe? @ikt PE sERRIE e AlsplACT 7 1 &,
changing the tenperature of the biosolids, chang“gg the salinity of the

bi osoli ds, &peRtiey baging ALy sperifacally insipliedas cased irempntesSwalis cRerfgrtpd 0 88hE nat i on
of the precegiag flowdnto HaSvellBir .oﬁgg&diﬁéaﬁm&énﬁgm%@of_ttﬂ@suaa?memaaéded to
the biosolids is potassium 25 75. The method of claim57) where the

chetni cal aguedtiqovells A8 paydsveedisal; korgental os inglipedys. A net hod for the

di sposal of biosoli dag bfi&eARs ARfAcSRABRY B ﬂﬂie_rgéneﬁﬁ&vmleaausa R xRhtedOf

bi osolids; b) creating a slurry of the’biosolids suitable for injecting; c)
sel ecting afeHPPcsddsan FRsFaYERPWEh Alemately, BepdrRaled Behans et brehipps r face
by one 101 3G ¢t ElobhdMe 13t biethdtriaDghetsIiEsther Purpdtegh permeability and | ow
perneability; d) injecting the biosolids into the injection formations e)
allowing the injected biosolids to degrade; 10 Decenber 2002 24 f).
nmonitori Pg pressure imatﬁhh%qﬁéwlﬁmg,eﬁmmas wﬁnumsaae, wnsimf &hailalitter nat ihng
Layers after Jnjecting. t i,0sol i.ds into the injection forpation. 77. The
mot hod of  cFEFRISHE® CxifiePEcTerfed CRppiments oty BRI aL PEFPSCHOT PAIEL  Least

one source %l mutioddf the@rastns vention parcenpplicdito theaisposdnifcolpia bthecthage wast e)

wast e ter 5 treatnent st e i mal e on- hu : non- api.mal

aust roal | WRETHS S SR s S Bpeof e e AR PR | v of
claim76, wdexsptiohef prefeered erabodinmentsbntained in this dis€lesate. about 1Q0 neters bel ow
t he ground surface. 79. The nethod of claim 76, where the injection
formation is from between about 10 500 and about 3,000 neters bel ow the
ground surface. 80. The nethod of claim76, where the injection formation
has a tenperature and the tenperature of the injection formation is.greater
t hat about 25C. 81. The nethod of claim 76, where the injection formation
conprises a natural gas fonraation in a gas accunul ation zone. _ , 15 82.
The nethod of claim 76, where the injection formation has a porosity
greater than about 1596. 83. The nethod of claim 76, where at |east one | ow
permeability layer of the one ar nore alternating |ayers of high
permeability and | ow perneability conprises shale. 84. The nethod of claim
76, where the one or nore of alternating layers of high . . 20
perneability and |low pcrntability is at |east three pairs of alternating

| ayers of high perneability and | ow perneability. 85. The nethod of claim
76, further conprising creating fractures within the injection formation
before injecting the biosolids into the injection formation. 86. The net hod
of claim 76, further conprising transporting the selected biosolids to 25
an injection site by pipe before injecting the biosolids. 87. The nethod of
claim 76, further conprising nonitoring pressure in the injection formation
at atime selected fromthe group consisting of before injecting the

bi osolids into the injection formation, during the injection of the
biosolids into the injection formation) after injecting the biosolids into
the injection formation and a conbi nati on of the preceding. 30 88. The

met hod of claim 76, further conprising increasing the rate of degradation
of the bioso(ids by perform ng an action selected fromthe group consisting
of blending at | east one waste streamw th the provided biosolids, '

i noculating the biosolids with at | east one




10 Decenber 2002 25 species of bacteria, changi ng the tenperature of the
bi osol i ds, changing the salinity of the biosolids, addlRecember@dd one

. chenical to the biosofids and a conbination of the precedi ng. 89. The

nmet hod of claim 88, where the chem cal added to the biosolids is potassium
90. The nethod of claim 76, further conprising allow ng nethane to be
generated by the degradation of the injected biosolids and recovering

nmet hane generated by. the degradation ofl&he injected bioso(ids) after
injecting the bio Isollds into the injection formation. 91. The nethod of
cl ai m 90, f ulEHYy i ncreasing the rate of nethane generation by
perform ng an acti mslﬁwhémttmiilsfpbﬂmﬂbhﬁolgﬁ abpmenisosipiisig: of bl endi ng at

| east one waste st gqm j ded biosolids, inoculating the

bi osolids with at§) eastﬂo%@%g%s%é€¥es of bacteria, changing the

t enper at ure of th@f@%ﬂmﬂ'ﬁ“@H’éﬂﬁ@ﬂdﬁg‘“‘ﬁ‘l’%f%&m%my of the biosofids,

addi ng a§ | east arkac&.hﬁm ﬁﬂbuoh@or&ﬁﬁontebﬁmhdg%a@mg@ st iRhigan Of the
preceding. 92. The met where t he chem cal 5ed to the

bi osol i ds i sacﬁ‘ﬁ‘f“é?é‘%‘f Wit a‘é‘f?“a‘?‘?i‘él‘??e‘f‘lti‘aﬂwéfg‘°81‘%’f“ﬁfﬁcf6) wher e the degradati on
of the biosol i dsdyjepeingthe diosoligagurgeingcliedtfedtion Mrinfrdngmaup consi sting of
carbon di oxi de) ﬁgﬁq de and 15 conbi nati ons of the
precedi ng) and \/\/r's?Le!‘lPIé‘Ml 9’&’%"%8“ { co%#)Irdlfses decreasing the rare of

t he generated caPlbdhe wetendiof glaimsly I‘"Ihenc theiigsatige forthatign dsgeppraiad] ffdmite ground

conmbi natg on Qffade B ok R G B4 obaa:caﬂmgqua}smgh@m p&EnE:lbﬂi?y sRhee h&?ﬁ{zﬁmm t. hg g
€ provi ae

group consisting_of_ blen ast one fe stream w t

bi osol i ds, i nocuPaﬁ"rfﬁ”’f“ﬂé’ng‘ IW?‘E@ "Wsi"??’y\g‘%?’Pé‘ﬂ‘gf s SRreved from A eagpngyact er i a,
changi ng t hesonemectad fasre the fzrdup eondistrg ©F ndsicipat lawage waptel vests®htedtidaynead t he

bi osolids) 2 '

conbi nati on g?s t %Ea preceg?rﬁlgﬁn 83& %‘ne m%r.a%@a?bﬁldg:c%ﬁgg%ﬂ%g@g ?he

chemi cal addeseredigg-t he bi osolids is potassium 95. A nethod for the disposal

of biosgbids) the @ﬁtmu@@aﬂﬁ‘uswwe 1R injdiOV forthdfign & fodPRiWeeRibdal 80! 1 ds; b)

creating a slurry o solids suitable for injecting; 25 c) selecting.
an injection? “flél?‘%%&ﬁg rﬁ”cécéspba? é‘t‘hﬂgrf"f'"grﬂ"tf% ground surface by one or nore

sets of alternat 5.nGhd meptex of diimhi, gherp Gerinectiod formyatiamthslacenpparureatitd ty; , d)
injecting thg, i AsOb# ESinfeltoR rdrfiGioh N £SHhd: 83 fu36HMsd ons and e) allow ng the
i njected bioso rﬁﬁ mjg(]lra de, wher e‘5 é dtegrlgdatdl:on of the bi osoGds
generates a gas §e1rb}'dt“é@ fof iy In v heye g prieceipis fogpating hash persibTcatc dhande,

sul fur dpoxi gigl 1889. hydrogen sul fide and conbinations of the preceding; and
f) decreasing th te of e generated carbon di oxi.d sul fur di oxi de,
hydr ogen sul fi dego:’rﬁ1 ‘B%er?gfli“ﬁ%’& °IF A °‘15'r°é‘82 W RGP 3?’1‘5?%‘?1%“"6?5 action
sel ect ed fromet hergtigaipyers of Bighpowndbdity 2003 fBmeadiley ®inprigs etfalebl endi ng at

| east one-waste gt ir&AMMLPLRS, th&\éh@%&&%&@hhﬁﬁmzln@ {gé’&%ﬁh@ﬂ the

bi osolids with at |east one species bacteri a, changi e tenperature
of the bi osoP“i"H@‘,’“"@'H%\er?@"W‘%&laFHi“f (prespais ik afiransing iatFés °fdw| ng at | east

one chengcal &:Qcasih@ahcita&(blednfi&)ﬁﬂd a conbi nation of-the preceding. ' 5 96.
The net hod o¥

cl aim 95 re t su .of bigsolids is derived from at
| east one source”® sa“e’&‘fw"?%‘fﬁ ‘t‘ﬁ‘ﬂ @&g riG FETRURE FRTET M Y Béfi%enage
wast e) wast efovidiel befdr©jeomng theuisdlids 1mmjccmsﬁmumn human non- ani mal
i ndustrial waste atl o] f the. cedl n thod of
cl ai m 95, where %‘ﬁgﬂ}crﬁe@c |onwf10rE" TSGR mg‘ﬁ oru?g Sd [6118'(95 IEf Reters
bel ow t he gr ounettigusit &g eipe Bfore iretingphe foatoliss. cI ai m 95, where the injection
formatigp is fropm bﬂic\eﬁ%%da\%&ﬁ%aregn&n gnmﬁn&ﬂgpmnﬁm%&woa he ground

surface. 99. The nethod of claim9 where the 1njection formati on has a
t enper at ur e RAERIPTHA atigrselickd fp@ "éﬁg‘?"t*?émfsﬁf"égc‘{f bﬁfﬁ“’f‘@%‘ﬁ& e Riopddidgyingeat er t hat
about 25C. 15 1 00. The nethod o f claim 95, where the injection formatiott
conprises a natural gas fanmation in a gas accunul ati on zone. LOL. The
nmet hod of claim95, where the injection formation has a porosity greater

t han about 15 ~ . 102. The method of claim95, where at |east one |ow
permeability layer of the one or 20 nore alternating |ayers of high
perneability and | ow perneability conprises shale.




103. The nethod of claim 95, where the one or nore of alternating | ayers of
hi gh perneability and | ow perneability is at |east thrideDgzmber 2602
“alternating |ayers of high perneability and | ow perneability. 104. The

met hod of claim95, further conprising creating fractures within the 25
injection formation before injecting the biosolids into the injection
formation. 105. The nethod of claim 95, further conprising transporting the
sel ected biosalids to an injection sitelby pipe before injecting the

bi 050l i ds. 100 il AN By SLAWTL AR of bUELARE: HRTRHELAT IR Ol

pressure in t gdLectlon tion al a time selecte

consi sting of‘“J‘E?é'T cebipsafidsdte g injaseoriprErd 44 2icppkination efibe prajeding.i on
formation, duri ngzt e inBhAACFcRih pfm&daecdmpﬂsﬂé inbisitofifl Redolt® id 218G bEON
formation, after .inj ect| ng %(dhaﬁc |os lids into.the i J%i%tlon formati on and a

conbi nat i on “¢¥¢ (t°ﬁg‘° R PSE uestg Shchio - iecipfh g of

cl aim95)» furﬂtrharoncorrprl sing nonitoring pressure in at |east one |ayer of

the 1 njecti on f ontat el Bl fkRE, Ak Bled M EEhL BE oG RhBRaa 0 | 10
i ncreasi ng t i bjoglids By pegfarpisecraartion sgecid @ﬁ'éh%ﬁfe'@aﬂ"r‘%mbyf hlending alasy an
action sel eclofdhvai Qr8ain AL IKFVided Bdkdlilis, n@cmanph@mdmas #lth hi@@sdonpne wast e

streamw th the vi ded. bi osol i ds, inocu bi osol jds with at (cast
one epect o SHPOEAC PR, IR de e S finaso e cEhere e BIBE o Boo,
changi ngiot he bssdlidsp adding af ledshenclohansal iodke, bmdlﬁislaxyl @tordbinatirin of the pndaem;cal to the

bi osolids and a qg)mﬂgﬁ}g‘géﬁ f'?&‘mtltéewp&?&g %931 ‘?g‘g%“’g&qt"p%%&;“f‘% ai m 10B,

where t he cheni cal i 0SO sl um € net hod
of claim 95, furtlheﬂmﬁﬂduoéﬂwg' la fyrioq qqumgwaﬁ@ns methinedebregeatrated by t he

degradati on @f dtgrRadoniot Gt Bfbclod ﬁﬁﬁhﬂsdﬁndm&lﬂ‘gc@é&%h E&cm hﬁﬂx@dﬂg%lﬁﬁ@at ed by
t he degradatlg(p of tdgl;? I%U‘ﬁ“ed bj 0%(% ﬁ(a Jn,zg ﬁ‘%[ t3te 6i osol i ds
into the inj8& s igiccted gsalt r igigding g bio 'fiﬁﬂf?'{ﬁm’c??‘ p o furt her

conpri siuig i ncr easi Mg mdiedpatismds, mahdnam@rmﬁggematmmtcbympmﬁeor m ng an
action selec %Eigﬁ g ne waste
streamw th %ﬁ‘gﬁtﬁ){no%pd Jc;llﬁgl?(%'go ? E n%%ﬂu%agiougc ?’62%?‘1' aﬁ\‘/?ﬁ”?h at | east
one speci es ofe ‘b&eﬁwa‘yﬂ‘éﬁ&ﬁm%b‘t’%‘éﬂ% oapitating tie biogpfids With 45 lea ong ds,

ghang: ng t he sgedbsionbicieridfchingig ?ie@lﬁ@l:iadﬁaofgddﬁdangldatchix@ﬁ@ﬁhc@ﬂﬁmgbﬁﬁl c?l to the
i osolids an i natj on of the, urecedi 0 claiml
11, where th ‘°t‘f’H‘§n’i‘rg§5'F aLledstage i ﬁ%lemtﬁlfcg’é(’(g?“%ggndl asm?b‘“?:}‘(?f’ ggé‘ 3 The

nmet hod. @b cl a| m 9%, Thehrested bhdaimHénvinad thadudwialtadddd wethp bioslills ig potasgium.
potassttun. Thcﬁ‘m@od oA:lalé@ w%le me'ﬁég@dm'f&ﬁ;o@ﬁb"bidsbblid&gnl:ramﬁ gas A

CACA(S AA A5 E.A AL
selected from the group cousnstmg of carbon dioxide, sulfur dioxide, hydrogen sulfide and

combinations of the preceding, and where the methad further comprises decreasing the rate
of the geaerated carbon dioxide, sulfur dioxide, hydrogen sulfide ar combination of the
25 preceding by performing an action sclected from the group consisting of blending at least one
waste stream with the provided bioselids, inoculating the biosolids with at least one species of
bacteria, changing the temperature of the biosolids, changing the salinity of the bio'solids,
adding at least one chemical to the biosolids and a combination of the preceding.
19. The method of claim 18, where the chemical added te the biosolids is potassium.
30 20. A method for the disposal of biosolids, the method comprising:
a) providing a supply of biosolids;

b) creating a slurry of the biasolids suitable for injecting;
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35. The method of claim 34, further comprising increasing the rate of methanc
generation by performing an action selected fram the group consisting of blending at least
15 one waste stream with the provided biosolids, inoculating the biosolids with at least one
species of bacteria, changing the temperature of the biosolids, changing the salinitil of the
biosolids, adding at least one chemical to the biosolids and a combination of the preceding.
36. The method of claim 35, where the chemical added to the biosolids is potassium.
37. The methad of claim 20, where the degradation of the biosolids generates a gas
20 selected from the group consisting of carbon dioxide, sulfur dioxide, hydrogen sulfide and
combinations of the preceding, and where the method further comprises decreasing the rate
of the generated carbon dioxide, sulfur dioxide, hydrogen sulfide or combination of the
preceding by performing an action selected from the group consisting of blending at least one
waste stream with the provided biosolids, inoculating the biosolids with at least one species of
25 bacteria, changing the temperature of the biosolids, changing the salinity of the biosolids,
adding at least one chemical to the biosolids and a combination of the preceding.
38. The method of claim 37, where the chemical added to the biosolids is potassium,
39. A method for the disposal of biosolids, the method comprising:
a) providing a supply of biosolids;
30 b) creating a sturry of the biosolids suitable for injecting;
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40. The method of claim 39, where the supply of biosolids is derived from at least

one source selected from the group consisting of municipal sewage waste, waste water
10 treatment waste, animal waste, non-human-non-animal industrial waste and a cambination of
the preceding.

41. The method of claim 39, where the injection formation is from betweean about
500 and about 3,000 meters below the ground surface.

42. The method of claim 39, where the injection formation has a temperature and the

15 temperature of the injection formation is greater that about 25°C.

43. The method of claim 39, where the injection formation comprises a natural gas
formation in a gas accumulation zone.

44. The method of claim 39, where the injection formation has a porosity greater
than about 15%.

20 45. The method of claim 39, where at least one low permeability layer of the onc ot
more alternating layers of high permeability and low permeability comprises shale.

46. The method of claim 39, where the one or more of alternating layers of high
permeability and low permeability is at least three pairs of alternating layers of high
permeability and low permeability.

25 47. The method of claim 39, further comprising creating fractures within the
injection formation before injecting the biosolids into the injection formation.

48. The method of claim 39, further comprising transporting the sclected biosolids to
an injection site by pipe before injecting the biosolids.

49. The method of claim 39, further comprising monitoring pressure in the injection

30 formation at a time selected from the group consisting of before injecting the biosolids into
the injection formation, during the injection of the biosolids into the injection formation, after

injecting the biosolids into the injection formation and a combination of the preceding.
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biosolids, addmg at least one chcnuca to the biosolids and a combmauon of the preceding.
51. The method of claim 50, where the chemical added to the biosolids is potassium.
52. The method of claim 39, further comprising allowing methane to be generated by
the degradation of the injected biosalids and recovering methane generated by the degradation
of the injected biosolids, after injecting the biosolids into the injection formation.

10 53. The method of claim 52, further comprising increasing the rate of methane
generation by performing an action selected from the group consisting of blending at least
one waste stream with the provided biasolids, inoculating the biasolids with at least ane
species of bacteria, changing the temperature of the biosolids, changing the salinity of the
biosolids, adding at feast one chemical to the biosolids and a combination of the preceding.

15 54. The method of claim 53, where the chemical added to the biosolids is potassium,

55. The method of claim 39, where the degradation of the hiu;solids penerates a gas
selected from the group consisting of carbon dioxide, sulfur dioxide, hydrogen sulfide and
combinations of the preceding, and where the method further comprises decreasing the rate
of the generated carbon dioxide, sulfur dioxide, hydrogen sulfide or combination of the

20 preceding by performing an action selected from the group consisting of blending at least ane
waste stream with the provided biosolids, inoculating the biosolids with at least one species of
bacteria, changing the temperature of the biosolids, changing the salinity of the biosolids,
adding at least one chemical to the biosolids and a combination of the preceding.

56. The method of claim 55, where the chemical added to the biosolids is potassium.

25 57. A method for the disposal of biosolids, the method comprising:

a) providing a supply of biosolids;

b) creating a slurry of the biosolids suitable for injecting;

¢) selecting a suitable tnjection formation at least about 100 m below a ground
surface;

30 d) injecting the biosolids slurry into the injection formation; and
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f) dccrcasmg the rate of the generated carbon ioxide, sulfur dioxide, hydrogen
5 sulfide or combination of the preceding by performing an action selected from the group
consisting of blending at least one waste stream with the provided biosolids, inoculating the
biosolids with at least one species of bacteria, changing the temperature of the biosolids,
changing the salinity of the biosolids, adding at least one chemical to the biosolids and a
combination of the preceding.

10 58. The method of claim 57, where the suitable injection formation is separated from -
the ground sucface by one or more sets of altemating layers of high permeability and low
permeability. .

59. The method of claim 57, where the supply of biosolids is derived from at least
one source sclected from the group consisting of municipal sewage waste, waste water

15  treatmeat waste, animal waste, non-human-non-animal industrial waste and a combination of
the preceding.

60. The method of claim 57, where the injection formation is from between about
500 and about 3,000 meters below the ground surface.

61. The method of claim 57, where the injection formation has a temperature and the

20 temperature of the injection formation is greater that about 25°C. '

62. The method of claim 57, where the injection formation comprises a natural gas
formation in a gas accurnulation zone.

63. The method of claim 57, where the injection formation has a porosity greater
than about 15%.

25 64. The method of claim 58, where at least one low permeability layer of the one or
more alternating layers of high permeability and low permeability comprises shale.

65. The method of claim 58, where thé one or more of alternating layers of high
permeability and low permeability is at least three pairs of alternating layers of high
permeability and low permeability.

30 66. The method of claim 57, further comprising creating fractures within the

injection formation before injecting the biosolids into the injection formation.
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5 the injection formatlon during the injection of the blosohds iato the injection formation, after
injecting the biosolids into the injection formation and a combination of the preceding.

69. The methad of claim 58, further comprising monitoring pressure in at least one
layer of the one or more of alternating layers after injecting the biosolids inta the injection
formation.

10 70. The method of claim 57, further comprising increasing the rate of degradation of
the biosolids by performing an action selected from the group consisting of blending at least
one waste stceam with the provided biosolids, inoculating the biosolids with at least one
species of bacteria, changing the temperature of the biosolids, changing the salinity of the
biosolids, adding at least one chemical to the biosolids and a combination of the preceding.

15 71. The method of claim 70, where the chemical added to the biosolids is patassium.

72. The method of claim 57, further cqmprising allowing methane to be géncratcd by
the degradation of the injected biosolids and rccovering methane generated by the degradation
of the injected biosolids, after injecting the biosolids into the injection formation.

73. The method of claim 72, further comprising increasing the rate of methane

.20 generation by performing an action selected from the group consisting of blending at least
one waste stream with the pravided biosolids, inoculating the biosolids with at least ane
species of bacteria, changing the temperature of the biosolids, changing the salinity of the
biosolids, adding at least one chemical to the biosolids and a combination of the preceding.

74. The method of claim 73, where the chemical added to the biosolids is potassium.

25 75. The method of claim 57, where the chemical added to the biosolids is potassium.

76. A method for the disposal of biosolids, the method comprising:

a) providing a supply of biosolids;

. b) creating a slurry of the biosolids suitable for injecting;

c) selecting an injection formation that is separated from the ground surface by one or

30 more sets of alternating layers of high permeability and low permeability;

d) injecting the biosolids into the injection formation;

<) allowing the injected biosolids to degrade;
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meters below the ground surface.

79. The method of clzim 76, where the injection formation is from between about
500 and about 3,000 meters below the ground surface.

80. The method of claim 76, where the injection formation has a temperature and the
temperature of the i;tjccl:ion formation is greater that about 25°C. '

81. The method of claim 76, where the injection formation comprises a natural gas
formation in a gas accumulation zone. )

82. The method of claim 76, where the injection formation has a porosity greater
than about 15%. )

83. The method of claim 76, where at least one low permeability layer of the one or
more altcrnating layers of high permeability and low permeability comprises shale.

84. The method of claim 76, where the one or more of alternating layers of high
permeability and low pcrfncability is at least three pairs of alternating layers of high
permeability and low permeability.

85. The method of claim 76, further comprising creating fractures within the
injection formation before injecting the biosolids i_nto the injection formation.

86. The method of claim 76, further comprising transporting the selected biosolids to
an injection site by pipe before injecting the biosolids.

87. The method of claim 76, further comprising monitoring pressure in the injection
formation at a time selected from the group consisting of before injecting the biosolids into
the injection formation, during the injection of the biosolids into the injection formation, after
injecting the biosolids into the injection formation and a combination of the preceding.

88. The method of claim 76, further comprising increasing the rate of degradation of
the biosolids by performing an action selected from the group consisting of blending at least

one waste stream with the provided biosolids, inoculating the biosolids with at least one
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of the injected biosolids, after injecting the biosolids into the injection formation.

91. The method of claim 90, further comprising increasing the rate of methane
generation by performing an action selected from the group consisting of blending at least
one waste stream with the provided biosolids, inoculating the biosolids with at least one

10 species of bacteria, changing the temperature of the biosolids, changing the salinity of the
biosolids, adding at least one chemical to the biosolids and a combination of the preceding.

92. The method of claim 91, where the chemical added to the biosolids is potassium,

93. The methad of claim 76, where the degradation of the biosolids generates a gas
selected from the group consisting of carbon dioxide, sulfur dioxide, hydrogen sulfide and

15 combinations of the preceding, and where the method further comprises decreasing the rate
of the generated carbon dioxide, sulfir dioxide, hydrogen sulfide or corubination of the
preceding by performing an action selected from the group consisting of bleading at least one
waste streamt with the provided biosolids, inoculating the biosolids with at least one species of
bacteria, changing the temperature of the biosolids, changing the salinity of the biosolids,

20 adding at least one chemical to the biosolids and a combination of the preceding.

94, The method of claim 93, where the chemical added to the biosolids is potassium.

95. A method for the disposal of biosolids, the method comprising:

a) providing a supply of biosolids;

b) creating a slurry of the biosolids suitable for injecting;

25 c) selecting an injection formation separated from the ground surface by one or more
sets of alternating layers of high permeability and low permeability;

d) injccting the biosolids into the injection formation; and

¢) allowing the injected biosolids to degrade, where the degradation of the biosolids
gencrates a gas selected from the group consisting of carbon dioxide, sulfur dioxide,

30 hydrogen sulfide and combinations of the preceding; and

f) decreasing the rate of the generated carbon dioxide, sulfur dioxide, hydrogen

sulfide or combination of the preceding by performing an action selected from the group
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97. The method of clzum 95, where the injection formation is at least about 100
10 meters below the ground sucface.

98. The method of claim 95, where thc'injcction formation is from between about
500 and about 3,000 meters below the ground surface, — ’

99. The method of claim 95, where the injection formation has a temperature and the
temperature of the injection formation is greater that about 25°C.

15 100. The method of claim 95, where the injection formation comprises a natural gas
formation in a gas accumulation zone. '

10t. The method of claim ‘95, where the injection formation has a porosity greater
than abaut 15%.

1-02. The method of claim 95, where at least one low permeability layer of the onc or

20 more alternating layers of high permeability and low permeability comprises shale.

103. The method of claim 95, where the one or more of alternating layers of high
permeabitity and low permeability is at least three pairs of alternating layers of high
permeability and low permeability.

104. The method of claim 95, further comprising creating fractures within the

25 injection formation before injecting the biosolids into the injection formation.

105. The method of claim 95, further comprising transporting the selected biosolids
to an injection site by pipe before injecting the biosolids.

106. The method of claim 95, further comprising monitoring pressure in the injection
formation at a time selected from the group cousisting af before injecting the biosolids into

30 the injection formation, during the injection of the biosolids into the injection formation, after

injecting the biosolids into the injection formation and a combination of the preceding.
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5 of the biosolids by performing an action selected from the group counsisting of blending at
least one waste stream with the provided biosolids, inoculating the biosalids with at least one
species of bacteria, chaaging the temperatuce of the blosolids, changing the salinity of the
biosolids, adding at least one chemical to the biosolids and a combination of the preceding.
109. The method of claim 108, where the chemical added to the biasolids is
10 potassium. .

110. The method of claim 95, further comprising allowing methanc to be generated
by the degradation of the injected biosolids and recovering methane generated by the
degradation of the injected biosolids, after injecting the biosolids into the injection formation.

111. The method of claim 110, further comprising increasing the rate of methane

15 generation by performing an action selected from the group consisting of blending at least
one waste streamn with the provided biosolids, inoculating the biosolids with at lca.:st one
species of bacteria, changing the temperature of the biosolids, changing the salinity of the
bios;olids, adding at least one chemical to the biosolids and a combination of the preceding.

112. The method of claim 111, where the chemical added to the biosolids is

20 i)otassium.

113. The method of claim 95, where the chemical added to the biosolids is

potassium.



