; e3e~*~$3$%.' d' \ *6B*T*d 10 Decenber 2002 METHOD FOR Bl OSOLI D DI SPOSAL AND

METHANE GENERATI NCE TO RELATED APPLI CATlh@hcehiber ARl i cation
clainms priority t Ill es provisional patent application 60l 150,677
entitled "Method tor nicrpal Waste Di sposal and Recovery of Byproducts,”

filed August 25) 19997*8*BACKGROUND Over 10 million tons of biosolids from
muni ci pal sewage sludge are generated each year in the United States al one.

The prevaili W [ 0, i i TOGOR A gncl ude t he
application ongt e iﬂ?s%ﬁlt%‘gﬁtﬁ([)ﬁgrgﬁggélﬁéﬁg lg%p I cat i@on) suggONs to crop
| and, range |land or forests) conposting and |andfill disposal. Each of
these nethods is 10 i i l V, npl e, one

di sadvant age of theéﬁﬁ@i&@&#ﬁaﬁ%m%@ﬁm&g@s@nds is the
resistance of per gapSipplicatibdclaitstfiRrif RAURed I SMRePRBYiki6 Al ipalRnORpALIRNOf
concerns about nui sances such as odor and wi nd-bl own dust fromthe site of
appl i cat 6@/h30,657centiflediMetbed fas Munieipal Waster Pispesal anddResavery ahByprodectal’ so
creates {.degl;\su fsg? c%%am' nation of potable surface 15 water and

gr oundwat €r Eor %’er i sadvant ageousl y) weat her conditions can delay the
applg cation of biosolids to surf®aCKerOUNDd trucking biosolids to the

application site create ol lution and nui sances. Additionally) the

S. el . . -
capacity for the Q@b&ﬁ‘l‘lﬁ‘éﬂ togs pERipsalids Fpmapricipalisewagersidge arcgeaeiaigdds and
landfillg i 17 : SQqi L GNs i gh: s Al so,
gr eenhou%lcgh gﬁérélglsh%g%légg%héggls&%e?ﬁgﬁ%%g%@g?{aeﬁﬁg%%i oXl Ee,kil)g}? gi"g@hdér ated by
t he decobipsudiid¢ inclndofthe tapglichiiasaf thelbiosolds thasfce heed spplicatione bwhswdo cropo t he
at nospheye, at the sites of surface | an li catjion and nost |andfills.
Ther of or B, agedanai0r 5kedcportos iy aad drar Albeosily bk st RethgrSosal  of
bi ofpl i dgssdcidd WwiktONik44Qsntagess ri sk for environmental contam nation.
Additionally, there is a 25 need for a additional nmethod for the disposal
of biosolids that Fpseidagple, enpdisasdivertagerafrtheranplicationof biosolils e st face tands
addi tional, met.hod for th i sposal._of hiosolids that does not permt the
rel ease 'Sfthecrﬁsrla%”r‘fe 8?3?{%%‘2 hgﬁl& lgﬁﬁeﬁreag? %aqﬁ’gﬁ%bo“d’ﬁ‘éaé@e? P8 B hospher e.
Al 'so, th@fifintes s@chie @dod Gid viRd-Bekintdu@Rodm MRS e bf bplichdvm. dBisfmaal of
bi osolids that can produce usabl e byproducts from bi osolids. 10 Decenber

2002 2 Sumligaten e lad andl landiills alsp grastes wisks for gentypiaatian; ofipatabletsupface t her e
IS ﬁ}'OViQﬁgr&dg?&ﬂﬁQat@Pr t he di sposal of solids such as biosolids. The

nmet hod conpri sé€s, providing a supply of biosolids; creating a slurry of the
bi osol i ds sui t abl Euftigar disagwoatageoysly s wkahdricogditomsuiah delhy therapplidatiom ob

formation at.. | east ahout 100 bel.ow . round surface; injecting the

bi nsal | BoRlidh P Fuitace itinaa] (AR wAPOlDY Fdbs RPLcalng STF FEHPHBOLHEN A ot od
bi osol i dguisahdes ! WdliRioARG! BQapARF Brdhd\GispRaltstVidd6lidsHyRpHIiciRbY tPfurkabe present
invention) the method conprises providing a supply of biosolids; creating a

sl urry dfndstaed bind@ld is disited) andutbe essbeiated npsécare ggnerallyl ligh.i Aljoagrsenlousd e
i njgection el ow,a ground. .surface bi OF&U ds into

t he™ nj e@ﬁfeg:fg(ﬁ%%s%ﬁ? zglﬁ;an%ﬁzggon 10xide, are gcne'tatjup i))? &1% idQ(%ﬂEp%seltion 0

biosolids and these gases are released into the atmosphere at the sites of surface land
application and most landfills.

Therefore, there is a need for an additional method for the disposal of
biosolids that provides less risk for environmental contamination. Additionally, 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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10 allowing the injected biosolids to degrade; where the injected formation
selected is separated fromthe ground surface by one @wDé&REDcERO® Of
alternating | ayers of high perneability and | ow perneability. The supply of
bi osplids can be derived from at Ieastv\&ge source selected fromthe group
consi sting of nunicipal sewage waste, te water treatnment waste, aninmal
wast e, 15 non-human- non-ani mal i ndusgym ste and a conbi nation of the
preceding, or fromother . suitable sources. The injection formation is
pref erably bet weaAccoutigLtb ofintadicheatns e [B¢s&0 nvention| thero éd roviddder rgetizadrdr

surface. In ref ermhadi e 1n i f ' has.ca

t enperature ﬂger‘gszft%%ar%ﬂt’ﬁgg?s sg'ib?loag!tb [Bg@fés ﬁ"’ Ignoﬁcétfnp %%57"3‘?‘?@@ £e)?rtg’gﬁi(’rfnent , the

i nj ection f diaselidsoareatiogrpslisyref the Bibsotids witable fgnmjectng eeldcting a suitable mgection
accunul atio R r . ' R L, B ion
Formati an hagraigsectuibhs 107 R $ade AGH Rt RERAEbEIbad: Mol BUPRE 0T
t he one or rajeasionformation; andtailowing the dnjectedibiasoligh shuary tedeialié. t fecarding tow
pernmeabi | ity i 1 : i Ty

et moabi | § ¢ Jnitiey oA %@E?ﬁﬁg“?‘ﬁ%pﬂi‘{‘ﬁ%ﬁ%@% BB LT e

met hod f ur t eéasolitls; esestipg & shmyofthebipsolids suitable for iniectinie; Frlegtingresuitrlleinjection
formation DefQafGod BUdRFE kidbhdlsiack! ﬂ{%aidgd& Hidth sl e HiGtibh Rpmb@nRid ON. I N
yet another preferred enbodi _mant(; he “met hod further "conprising

t ranspdft i ngliewas Sefiniected biaspligs & degmde; avhgte theniniseted fFmation selepiedis ssparpied or e
injecting tReaPihegRlddSirfadeby 3ndbShéiE 5o fARRAInG B brs of Righ P& mBMHic) Wd her
conprises nonitori ng, pressufe in the injection formation at a tine sel ected
fromthe gr ‘ing of before injecting the 30 biosolids into the

injection formation) THekipply of hidsolids &f bk A&tived froMat RhsPem) sotize sdlcRd FHom

injection formati on% _afteéni"g*p%fti ng the biosolids into the i,ni#lecti on

formation aflfEOWPSAsHAS PR Fravagh Waskee WRYS R trATIERYastSy amael wage,

gnbod: ngnt , nbmnumtdaﬁdnmnﬁh thisGRB w0 tin H%b(?lgndlﬁbﬁ!asmé pre¢ading, dirdneowerber 2002
at |l east one,]ayer of_ the one or .nosre rnatj ng_layer

Cnrect g ¢ ABEBleEesq Tof eGSR TR TPt ori P bR shose 90 B afeuf DL

enbodi ment , nickes babdvhthel gfound daeficeconpri ses i ncreasing the rate of degradation

of the biosolids by forn . i sel ected.fr nsi sting

of 5 bl ending a I ot BASAL Sy B ul R RR il B

i nocul at i ng tiahebdyt 2586} iTnignottiet preferred erabndiment thepgeiedtion faphatipacpapiises 2 changi ng

the tengera Yol j Wale] LN f i.080l i ds,

addi ng ¢ | ot e eRRGCH 030 LB LeRR A 4 AR e B enb BEnBUOR,

precedi ng. linjectinofdimatioprhes eparesity eveterthaneabout I6%e net hod further conpri ses

all owi ng 10 net hane t | LN ect ed

bi osol i ds and recQve?fﬁgﬁﬁeﬁ%ﬁ%@gﬁgﬁgﬁggogﬁg{eﬁgg gg?%%iﬁ%%ﬁl% t he

i nj ected bi @swicrilty apd losrpermpabilityiingg leastdhuee paissiof aliematiaedayeneofibighect i on

formation. |BR6iilehd RWSleRhdabifltye Th QbR Heferrbd EmbBaInRAG tleUhddl@rfu@RFPT | Si ng

increasing the raté of nethane generation by performng an action selected
fromt B8 gr SABPRERSTStipmGrespiisdhnigiestion fegnationbrborginistinsshe biaselids itk t he
provi ded bi @fihjeslidh forR@GoH. ah yQUndthe pieferitl @MmBddident Whd Methdd fufifes oRpiRingPeci es
of bacteria) changing the temperature of the biosolids) ghan‘%léng,the
salinity of tRpworng e selecied binselids fp apy injeetion sitchycpinahefereigiecting thehioslidss ol i ds

and a conbi nation of § hgreRiRE EfibdAfment, thefndMoa  firiHee ConPRRQ GhdRRGHnE prdiSire
degradation of the biosoOlids generates a gas selected fromthe group

consi sting d thednieson fermation at 2 tine selertedfrom thecgroupransisesofdefors inisctingdhezo
conbi najgi ONafrids o ME FHEHb RrmaAH auhﬁ%gssmjulﬁmf arrtﬁJ\ﬂsspﬁdm% k3 GediBf ' €asi ng

the rate of the generated carbon dioxide, sulfur dioxide) hydrogen sulfide
or conbi nat ifernation, pfier injectiag the Ripselids e the injection farmatien 4nd,q combisation @f theom t he
group consi $hdeBfingf InRh&heipRGer2li enb@Rfthen® Me MARIFCoRpHLRRbNdrNg pRGuRipVi ded

bi osolids, inoculating the biosolids wth at | east one species of bacteria)
changi ng the tenperature of the biosolids, changing the salinity of the

bi osol i ds, 25 adding at | east one chemical to the biosolids and a

conbi nati on of the preceding.




FI GURES The features, aspects and advantages of the present invention wll
becone better understood with regard to the foll ow ngloescemipdri2002 appended
¢l ai ms and acconpanyi ng figures where: 30 Figure 1- is a schematic diagram
of one enbodi nent of the nethod for the di sposal of biosolids according to
the present invention. DESCRIPTION 10 Decenber 2002 4 In one enbodi nent,
t he present atileastoing tugeri of the awe bhmdrefaf altdrivtingl laggyo s ingdetisgpthe Hivyolidsiiito the

bi osol i ds, conpki S .Jnjecting the biosolids into deep underground
formations. lf’f%“?"%;"%% Jé‘{(; bi osolids are then allowed to undergo

bi odegr adat i on, usi ngintapreferd¢dandblodigrest, themmttiod fiethtr comptikes ideagings thhsae f ace.

Bi odegr adat i J | OX} e QX| hyd sul fide,
et hane. and Oy ISP B o, 6) RioHe i St Mecklh Ryt i GRARRL 3

f or mati oh wablendinglae leath 9re Waste) stredm @iith pheqpudvidst biosatidsydnasnlatingrtbe biosolidswitiubl e

t han net hane L ) I I I car -ri.ch solid
mat eri al thaa'tLtl e%ﬁ@?‘%&%@?ﬁ%@é@%ggﬁ&@%%ﬁ@"%ﬁ‘ggfg“?'g‘ﬁg formation.
I n a pref er r sainigyaf dlasi biasolids, addingaanleasy oneshgmisel th the blesolifle grdeai¢ompbiriatiorsefl i ds i s
10 renoved f QL GoQyErsion into usable energy, or storage for subsequent
use. In anot hef preferred embodi ment, the rate of biodegradation is

i ncreased or the rat einghothestprefercedpmbadieatothe methpch firthervouiprises altowingat e of

car bon g oxi i ﬁ?@‘;‘ j i by
alteri ngoenv?'r@tgﬁ{ﬁéﬁa %%%ﬁ}hgggéﬁﬁg?ﬁ&e. qrj%ﬁggggﬁgré_g%ﬁﬁ anu stances
or bact eri a) segeratsy by e degradafion ofdhainisehibbivtolifs, pites iriecting the fiosqlide ingg 80l i ds
slurry that clich fofMaQ6i. 86l adodleP pleferel %S&Erh&aﬂ-meTrE@hdarfﬁélféPonﬁﬁisﬂ?d provi des
significant cost_ savings_and environnental benefits over curren
t echnol ogi esinfFrsising e e of Bethpne genggatioa by ipgrforming 3a agfion seleqigdfrag) be BEYRr ) t he
t erm " bi osol ddsisting of Sleddine 163§ ofi®Whdle {irh With @R pRivideB biogdlids, RdculRAg the
dom nan %y co_rrﬂ;i Se, oi o\rﬁgani C terial by wei ?ht. The rFetegggi of the
present 13 nveMPIobds with 3t leasiane, specipsqf badteri, chingjpethe tempgraturg qf thehiosplidsg; 5
sui t abl e supgiaygisy thdsalie) dfdfe BiSsoRds) YdditRCht 1dadt ofe dEMicalrth & bRIdlAE akEt . t he
bi osol i ds have suf.fi cfi ent concentration of biodegradable organic matter to
generat e expfrrafine Pees of nethane. It is not necessary that all
t he wastes be bi odegriadgbdferredrentbodiment| tha degadaGonGdf literbicolids gezptgsapant s of
the injected hbi | i slurry.wll_beco r manept J. nt onbed.in §he
i ect|ons. 1 SR Fgh TRt doltnt pe AR TonE R HGeidt, EERERSfindehol'C o
of by tR@ prewwinationsohthd pracedinghenditbe metbad furthencomprises drateasgvbgmtenf theast e
wat er treat "gé,aﬂ&aéé@ &l’di&iﬁéhsﬁr'&rﬁ%gy%9gmg% s@tﬁﬁ?&%ﬁm R e pPRe L 2

se wast es,

Muni ci pal ge wastes comprise humdn-bi ousehol d scraps,
sanitary papey peploneing arsactionisetected frotyi thd grgupreohsistiogrpbiiending at least ogel wases ni ner al
matter and s W . 8}3@{3'50 . G : ci ds,

al kal i es and heavy nemfg&ﬁ§ I nt’rlg S%gg?&%%i%m%lﬁe m%’?@g’wg%% t%f?ough t he
muni ci pal sebasteriarhanging $hedthmpesaturgloff tha bivsolids,i cliaging thecsalinity ofithd bleselidy, net al s.
Anot her ssui t QALE E | ' ' i s.rom sites where
tho 1%§Dec€&ank‘g ra§ g Ogrﬁ: REmidi %o E:b%?o%ﬂ;fjnd DoottBindfth bR prRedif®

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

U

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



5 animal s are raised or housed. The animal wastes can be m xed wi th other
organic materials such as sawdust or straw, or it mayl(®Pedembed 2002 h mi neral
wastes. Still other suitable sources of biosolids are pulp and paper ml|
sl udges, waste oil products including greeases and waxes, and wastes which
are rich in organic debris dredged fromharbors or estuaries. 5 After

providing a suitabl epsiRRinbodiedt] ME BlesddBinvehtisisladheiod UBRE Bkl s f Or mati on,
designated the "injection forrratl on in this disclosure, is selected below a

sui tabl e gr &dids Wl ssdiqsolids; comprising injecting tP?'éP@Pﬁb‘FS?)"%‘é“‘F‘GWl on is a high

porosi ty, hitghaféis TRRDinkdcied bid s 4P HHER iR 1S ntiiigh ibfialirhdaridt WGk theabl e
groundwater, if present. In a particular Inglag)referred enbodi nent) the

porosity isnrehecomermal heatigdhe deep subgurface. \Bigdegmdation produpss carbest die¥idyy 10

enmbodi ngnt, s&m@dtomde w@gdmtmamb&m@mmyrww&m&ﬁmwﬁ&m:oul d be
renoved for hu

u bel ow nul 1| and cl arlyd i ned | ayers
of alternat P?F@’ W ?F@&BY“F"F&W“FN&?S &?Wompubfw afeg 28 H"’Fﬁ‘@lr'fb{?é‘i'%abl lity
fl uh d ?bﬁ or met!ﬁﬁeh mmduﬁmwmmmmb blldd&a.lyboh&&ﬁ&axd}/ul'ndténapmf gf&e@ﬁysbl y be
sand of hig rosit The nmeabi ayers w preferably conprise
shal es and Bf‘ﬁwe"ﬁ& ﬁﬁ“ﬁ‘g"f%'f’w 'hl s that have absorptive 15
capacity. In a prefemeﬁre&ﬁe@dnumnicnt,txﬁwram@haudedibfa&neaégrkc&@snosbm is
al ternating_ | aye of high.perneabilit nd w erne bi | aratlng any
isabl e?rorﬁﬁﬁg%mﬁg’ggﬁﬁigﬁyﬁé %‘g&%@o fﬂﬁfegg:d% :"bi}?gl"' I a
particul arlyp em anitbelia grstationsih inotedselt) or teeafIhetiiany e
alternating_l| VEcTAS af i Qéarmnga . L O PELIE QI|IE_a\é eparating any

d)%(fonxsm or &a:{;%dldnéepe (o ndesgglb?ld or

usabl e grouﬁ present rrnjec % on. 20 .
The t ot al a‘pandhtabis dcqwag@lmigmmfncm comjitans iirothe fomativnioo by eddingbe -

cal cul at ed gclg&,g e

i njection for mat | 055 egg’\%fﬁd ?‘géﬁyg@% nj%ggltg:agj g?ﬁﬁ Ith%ﬂ and
t he medfani wmeetgimtoébsfomatm y The pmmt methad provides pigrifieant eont savingsvand |  be
under st 0od Ryyiloifidfar Vel cherkdl edefifbighich bt idpBlaPbURGSB1Id:O L N S

di sclosure. 25 I'n another preferre nbodi nent thelnjectlonforrratlon

Will be at |east abodsusddn thisstisclosire,Hbe tgrmn thiesolids! fseflefined i podid gpaticles ofs

general l'y d%ﬁ&ﬁﬂ&ﬂﬂ@o&&aﬁﬂ%ﬁ%ﬂeﬁ%oﬁgﬁﬁchﬁﬂeﬂ%ﬁm hosol ids will be
sequestered, even w thout clearly defined, | ayers of al ter nati ng

| ow permeability) fl B‘P%IW%P%%?PW?%‘“‘&H‘EP"HY‘BH%@F H@%ﬁcﬁmwme
fgbsor }otzgon me@s suiiBle GuglplyCof b@edxtddaq;mmtaﬁm %@{e&éf%tﬁtﬁ»dinﬁbﬂt, utehﬁos?liuseCE ed

i osolids wi ose e reat to the envir nt or to
Chter Suppl M E s G B o BRI R B B OB PRGNS ds | nj act i on
in a cost- ?fqﬁz&ﬁh&s\bﬂim&ﬂﬁﬂerlt islnbt recd3sury that allakd \yasttﬁgéﬁbdegddﬂﬂﬁ)ﬁg!vflﬁnt ht he
injection formation is t ween t.500 ma out . 3000 m bel ow, t he
ground sur f JEEENC3S é_}ber @&?ﬂ'@?neﬂgﬁg&@‘ %dibﬁf@%fa% i'lf %?eé'gﬂeﬁ} Y equires
| ess t han 1@mﬁﬂﬁedrtﬁtlmfmjs¢l‘ioﬁﬁcmduamd) unli ke the larger areas required for

surfacelandfills. rthe urf an | £ accordi ng t he
pr esen?smet hod is on P&M%‘W"‘éﬁﬁg% la#ﬁgp?f%%ébgy? © PIEFRLAY -
conpl et e, t il beiddrizatfrommunicipal sbwageot wmedattrctreaﬁﬂmtrwas&esuch&s E‘uduwijbyéct ion

site and Il’lj ectian fornatl on.for.u Blesen hod

selected to a{'?ﬂmtnlwgﬁ%th af)e?otﬁeé‘fmpé"?scmﬁ%f aaﬁ‘gs CERR® wgfan fcspﬁ 2‘19{3

sel ecting arscrampsanmygapergaductxgmtaﬁlenbm@mhd:onmmmb meﬁlasarunemlmmterp yr
interact with,near surfa or.matj ons hemca of f rmati on
i de - can 80 SR B Fr PR Bl perc SR, At ABR Bt ahdion: ol n
only arB8i entintfdduded intathel wastestreah throughatenmunictpl sawer vyistedn sedhals bdmts ididsyat er
sour ces al s‘g s eferred that the selected injection formati on has
pre- emstm&lkﬁlé 'i' causeth|5|npllesthat the injection formation
is overlain by a sui mbm&mmbhanmdamubmﬁdsdmmimﬂavmmsimmad tley an
unfractured | ayer of relatively low perneability so as to inhibit further
upward net hane novenent. This configuration allows for accumulation of 15

gases generated by degradation of the biosolids and renoval of the 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 neasur@méembef FGuat r uct ur e)
and long histories of contained injection operations. For exanple)
preferred injection formations include oisl and gas trapping anticlines

whi ch over geologic tine have proven to be conpletely isolated. 20 The
overlying | osnipds mreatisedl ior housedy cFhe aninlabwagtes sareher mixedowilfeothércorganisireaterabs
injection fo VAN IS :W‘eaumx GhstdsO ation,

can be evi de%dcgg%iJ %3‘1']%.{‘2& or | c{'jlrllpl(l:i‘rl tg%@g{e at| onssldiﬁ g?se‘ﬂ%ﬁé oi |

m grat es upweauctesiofttiigsolids arespuiprand geper il sludges, vastd pil ptoyluctsampﬁlénggw ad | east
e A O xR 48 Wil RN TBAR i utEl A Raco B [l 1| oW S|

in the unlike ‘event of a casl cenent ure or a breach of a | ow
25 permedbility | ayerAﬁ#MOVedt%erﬁpSU@bw $upplble’fhae$0ﬂ1d%a§m@gled@ﬁg§muﬁdal s or a

| ow per neabi Hf,;‘yuolnag’eggnd‘%t {]“uger B Qan"le {flis"BisBiostirE s&i&?éﬁ bIB® alsRWible

permeability layer I|ty ayer | medi at e ove absorbs

t he excess pglﬁsmuéa‘&rﬁdeoﬁp'gﬁl@t iaeferably Ge fqmlets’gusfehlah porosifye EEE@F\&?‘@W
slightly in L0 ¢ddh&hmt hﬁﬂﬂ&ﬁﬂaj‘%idvpﬁkaﬁggrdu&ﬁ&a?eﬁsn?px‘e&ni hia a%ﬁﬁ{chl\ih?g | ayer.

These pressure 30 changés and fl uid gratl on can be identif |ed by rmnltors

| ocated in bb@f@ﬂ%ﬁe@dlmﬁa&wmwm r fian aboyt B r Inca pagtisularly pref

groundwgg d mifcatnheat) uefm,waan \faﬁ.wonrms&&w ahy g%dnhwﬁtat WG SHuld ) r&fisvel m second
hi gher hi gh per meabi'l i er also becones highly pressurlzed For- 10

Decenber 200 “P“r\‘ﬁ?%\dlbﬁlet'E}'){'i‘ﬁlﬁrﬂ&?kea"dM defin %%f tRENE I8 f or nat i on,
the process gérmbibaRy; muﬂrnb“amﬁerrpidmgu perh&Bilityomed @:E G0Ezonéke Thejhght | on
Wi

formati on woul d have repe d h set ility and
| ow per meabi P‘?”E‘?"bﬁ’a&@’%‘ ‘Xﬁ'd?f%‘g‘?ﬂeif’ Fﬂ"gé’fﬁ'ﬁﬁl’?'ﬁ‘%tl fngj HEX(QW e) a
sui tabl e undwngframd canprisk isiales bad othdtrédks contairitg dh}Q&iﬁbxhd&ha'ihavc&Bsqude ng to

the presgent invent uI be a 10 5 conso i dat 3 sang
formati &h 1 yFRE®e %E\rﬁ gmbpdimest, g‘b‘ﬁ‘ot‘w‘ﬁ ?6%“{5 e ' vvhere
t he sands ar perfeabltity and Qv petmaability mpgauugmymxdburgmﬁudmxympyesémmdm coar se

d. A 300 a
or el ned 1 SBRLSHLIE EhiodOaTL OUSEG Fek DR b LR,
i nj ection f ofiveeditermating\ddyiersiof high pemmmmuwnmmgmmem usably 10

formations p 9{2134!5 ﬂ%ﬁé s and safety zones and

whi ch coul d %@ngg}# 'y rrggﬁ{“lf ore ’%ﬁgﬁ’fﬂﬁ’% ?‘or mati on woul d have been
used as2@ gas st or ageTtfeitetalpvhilsplestordge "‘Péﬁ%&?@)‘ fermatiofeesn g paleatadne ar ea
woul d be wel xﬁ.a@ b #00ed MicRidsd Midla¥ealoP A?HnﬁE&an{E hedrdget i on
woul d have been esta%)‘lsl S A nearc %1 woul d“%r e?er ably eepr e{s%nt 15
whi ch coul d msomeaﬂtaslmhorb@ge%tmaﬂ@hewe#hmp%mmmﬂb&w efthpinieplitties. Furt her
preferably, f&ﬁi&nm%ﬁibpﬁndaamgaBymwa{skﬁmm%mféewnéemmhe area and
groundwat er woul d be regularly and extensively nonitored. |In another
preferred entislIsWent ) the present invention includes creating fractures

within ghe sel ected Imlaﬁ&her%fér%mbanenymw&cweﬁﬁaaenmibmmaswrry
under high 20 pressure, as will be understood by those with skill in the

art with ref §0dpbeloy dhetgrguad d\“’@é‘? o Skif depthnis generall despreneligh &g ingure ﬁe&%m e

i njection fO{nf@M Bﬁsoﬁﬂﬂwmme%%ub&éie& el withoBt thl@l: ﬂﬂtdléaﬂy aauwmwaﬁ ofand
associated facilities are |ocated in an area jacent tag the injection

site. Inject ?IE?H‘aBWHrPE‘fﬁ“?}P@f 2yid fpy bé%ﬁpﬁ“ég‘ghl’%’ﬂﬁbal% flyjdahsogption g 000 np

or less, W thonBd spelifi %nﬁe@aatrth@ﬁ\jfeasd Blbsoli@ARHIIVHRE ffosé £qui red. Al l
slurry equi prent, and tanks are 5 preferabl ully enclosed. The pref erred

bi osol i #& s| PRtgniakthreatte the gnviroAmEnt OB tor water and jaeaxcnopgh o dhersurface to
envi ronment ayio b‘i@&ﬂ&s(ixgh{)ﬁgﬁ gﬁ QRO n?afrmé’i’a% £ paFadubir af%?refed':édreiﬂ%&lment

preferably) they shoul e to screen maste stre on a contl nuous
basi s to avothg ifjestipmferraation is bsfwegmgbout, 200gm ard ahput3PRm belewdhe greundsinfiser e t hat
could |l ead to bl ockage, as well as to nonitor and register 30 injection
paraneters such as rate, total volunes, pressure, density and tenperature
in real




time. Additionally preferably, they should include variable speed controls
linked to the nonitoring systens that permt the cont{@besdtb?R00 zati on
of the slurry-formng 10 Decenber 2002 8 conmponents so as to nmaintain
consistent slurry quality and delivery rgte of a biosolids slurry with the.
best physical attributes feasible. Suitable cased and perforated wells are
prepared or existing Twelihjsctiow sitef typichlly meljuirestiess dtewdl 10,00@mt bissuifajedaidi onlike
formati on, d.i he 1 e atJ zone. .t desired. Al wells
used in thea%?lears%%lgmﬁﬁéﬁ]‘{g‘ga go?g"rggg%@& ?ﬁ%’a segﬁlé‘?ﬁs ¢ {aﬁ‘?l&seénd gas

m grati on anatcerding fherpresetit orihoy istoalyt teriparay cand after thdwdisposal getiaity 3reompletapt

taki ng place,_ The.c I %BE &8 is preferably in the range of 500
to 2000 nB pﬂe‘?’s af/e%?‘ﬁ%lhf)oé(r) I ds S%E'F%%J'By selecting nmultiple deep
i njectioh targets, arEhedhjection site and ijestionformatioh forpiseinvkd preseatmktiiodtshouldil s) a

single site i : - i QJE%I,p@a saﬁﬂﬂ Lty for many
years. . 10 ?%%é%@?éﬁhg%%gn@ﬁp,ﬁﬁac me%ggg%g&% t eg%}rlesent

i nvent i on haippepriate geolagicpkinisrvek wiietodass notopteroper interect with aear suslasé ng (cal | ed

t he surface ' fnfst Pormat I of any
usabl e groun \;\ﬁg%dg?g gi’%iks stqierl{aelglgts’i.ng |§nggigﬂr%gged6§w§{em{pﬂ%gkpor nmor e
addi ti onal skigetiondarmations contaip galy arcignt Huids and apsy nol incaomsiynication with shallowerds fr om
the surfgce {Qelddgcslepth of the selected injection formation. ' This casing
is also 15 surrounded by cenent. The biosolids to be disposed are punped
down a steel tubing phistalsq pifrred that the selected dnjectian fasmpting ipspre-cxiating mturab
exanpl e, a deRbia@d daPRIieslthR O iffedtion forRidfbnk ofedhinibyQ shibSlelmétiaR® i s an

annular region filled with fluid, The pressure of this fluid wll be

constant | y nisfyRe?ion Zens andssapned by gn waftagiuted Layer qf gefatively low, permpahiliy so 35
mat eri al i nj Gkttt Rlakdd upWard niehamOmev@mete Thiseatfigufation dliders fd?Atdudiulati®Poon, the

T ) SRS RS e PO B8 B G R S 43,
formation and prepar at isqartef picteered tiatiajettion sisdsiselctddfor izk 4th thiegBesadte
traneport 1o St a bolkaldand FeaBbRRRtRsrie b g b oF °°
transported dntafmedinjeeGonf aperatidns.c Fooexampledprefentd igjettiontfbrenations éeludeonil sad e)
Aqueous sl ur v it SR Il (e SRR palBiich % pABpLAR infifleg X1 2
sel ect e@i nj ecti on f cFheevertying 16 eenriehilityflayersi wheg [praseny, abavephe priferrbdr | y
preferred t opalbdddYolntifod ﬁﬁﬁéi&?rg%ﬂﬂ‘@u@ér?ﬁ@d&a@@nﬁg%oﬁ%%r evidifeed

bi osolids are sized) screened and m xXed with 30 water to produce an aqueous
bi osol i ds sl by istoricaleil/vateraceugplationse iherathe oflimigratenupiped unt} & df impedei by 8s) and
is suitable eabiliFBarid?N ThhtQeadt JAS DARERRIGH Wb 81 1a Iecenber
2002 9 In a ic)éra.l'gferr_ed_errbod.i ment, . a biosol i (ejs S ugr_ry I'S dg’"si{%ed to

gener at e et Ak Bowsink i the uglikely gyraf of 3 welbessing eqmsnifaiiirearhredch of hlowse| ect ed
injectigfn fopdmlnfiylagdri S i s acconplished by neasuring the chem cal and

bi ol ogi cal properti'es_of the avail abl e biosolids stream the physical
conditions in the tarfexamnlaif s welhepsingperent fals eriadoy Reravesbdlity pwerger ti es of
5 the slurrypegh@Cdnli SR fibfales b0é thmmﬁé?ﬂ@ﬂﬂﬂﬁﬁ?&' @O high\bdrmbabiiftf 1dpk0s 0l i ds
are injected into the injection formation an l'ocked in by the natural

stresses preluprdiately sbaye absgristhe excess Bresyie and migrating fluid. Rresgas wilkihen i ty zones

imredi atel y ademetifiig-ih He@idion fohRitioh bhdcredsh f thebRAVRE 18! GheRprdssurétl | oved
to under&o degradatj on under anaerobic conditions. Gven a solids mxture

under goPfg  afféBges BidMuidmigragien Fandis idegrfiedyimaniters drcatebigrbatizonesrand arriosic
obt ai ned fr o@elivofestac'stiveysK IHlfther GoundiValf mfgration of the waste material will not occur

unless the second higher high permeability layer also becomes highly pressurized. For



(1) where W= mass of volatile injected sol ids that have not degraded after
time t) W= mass of solids deposited, k = decay coeffijgiBatmbangodz = tine.
I'n general the value of k will depend 15 on a variety of factors including
pH) tenperature, salinity) m xing anount7 and to sone extent the
concentration of solids. Typical values for the exponent k are on the order
of 10-3, yi etasiriahtoanigrateipwerds frou die injeetion dormatons 4w procers of brsachiaod per year .
For_conti NUGHSrBh GFhe Al bt Bliiof forftioR vioRld Ha@d ' bR irdbatdd fofbac time
t is determne bygrpnt egrrg%ébo%ﬂg?}d aator on 1. The nmass oébg?:]as gr oggéggd wil |
in general tsvéhmqunemne@hshtvmdlawmameabmwdrembw@thmneeqoedownws 20 degr aded
and is typically co

m%ﬁgxa%n kssu@.iﬂermmgred&d(éﬂmﬁmo irGAAiBHP B ol

(30-409' 0), nitrogen rogen Itionto t ani ca

prot ect Pon peesudingtg thepresant lﬁm%@tqulﬂ et 100 arethicknyricanselidated sandstameal
protection phmatiGeRinDbetwdtn R8O GCdnkd 3000Ph bEIBwARPEBRId siiRe,| WiePCThk Qzﬂrd§ 95 mat i on

with nultiple overfyrng barrier and buffer zones, the present meth
preferably iPReAY WEed 2ndTange Shektarsdam yerk fiog (o cearsegraiped; n‘g'@arpxar%ra@ of

pressure respickfes mwtﬁaanaem@%h%oa aae}xawautdr& ;frésérﬁln 1R €100 inifteRRON
perneability zone) t he we I ore ann {0 ensure

cont ai nnent "BF“”‘B?‘B'Q! 6"‘?"8 éhel ‘Neﬁuﬂé f‘?’ Wﬁ"t"F‘ﬁFﬁJwﬂh hieh permenbility

devi atijgn f rf&maaarslpedvmrqudm&aegédwg& &ﬁﬁb?éﬁnﬂ&afﬂy'zbnebﬁldﬂﬂhﬁdcdﬂ/ﬂ' teRadit eri al
is still far below the groundwater, allow ng i nmredi ate renedi al action.

Addi tional SOEFES nonitoring can include several types 30 such as pressure

recording and anal ysi'mepﬁ@mﬁ@emaamawmsose@waf@moﬁgéﬁaﬂrniriamaast
nder st ood. 15 YHBLGE slagy ot BE Aise 0w 35 b et e skt fvbae vy

ref erence t énjédibs fodingtinn o®iuldchaveltven eamablished. Agearby it veuld preferyidy beopragent at

h et it8n T PR 8t bl aSh IR B el 3 o R tTpd S C BT B |

i nj ecti on atfegrewelid bq/ncsgmundwatcrélﬁua@lopn\elismrﬂ@ arenf and mundmtarwoaldarleyzed 5to
eval uate ch iaﬂgfa.t@é Llrlaym“l?o%@nd mechani cal properties and injectivity,
and to deter orma I'ng pressure and material contai nnent) as
will be understood byn mwdsepmierrhd erkbddiment; theipsesgmttinvghtion inclifdes ereptiegt 0 t hi s

di scl osure. fReglethhfhe bbbt ne@ﬁoﬂ%ﬁrﬁﬂoﬂ@ﬂe%?éu £k Qiferh QhIRARN 1S

epi sodi ¢ in or Itate the nonitorin formati on” behavior
Addi ti‘@fal Presuss, iagiwillhe yndergeodhy these aath sldlljin thp g vt referpgre o thisj digclogyre.on

formation remains hi th@&l&\ﬁﬁm 'I%hiltaﬂehhj%on AstmWidnl an® Bijedfisledis ! @Othjdelod hOSE

with skill in the art, in order, for fluid to m grate out of the |nject|on
formation) Sa4Pment Andassaciakd &gilitistare lasaedinas age adiagsntiip theiinipction filsn, £ or mat i on

must be hi glnq&u'bneqmﬁnmtﬂé@&swroecupesa@u:ﬁdme@mldwormmrasb with n@ddi tion to
t he conti nuous pressure nmoni t ori ng .and anal ysi.s) the present nethod

preferably PHEHeRaLTage sopstHeion ShFPad Motk feaweeti Y slysty eaiemens grdtanksyare o
per f or psext gmmym},bn&@gs and tracer surveys to 15 eval uate well
integrity and hydraulic isolatjon . in the near we|| bore area. | n another

preferred embodi ment Ih¢ RE %%E@?ﬂhdﬁﬂf%ﬁ"mﬁ@P&d‘eg‘W@B&?thﬁs $peld B8t hane
gener at ed f@@iﬁdnh@n&i@%@ﬁ@ﬁﬂtmaﬁ&hﬂgfwwhﬂt ﬁrﬁ&ﬁ‘ﬂ WhrefbﬁablyT ey SRdultpiRe can

t hen be used as a clean fuel. Alternatively, the net roduced can be
left under gPBIERRYSCREn ¥age Hreans & Hpninygus f‘ﬁ’(‘ﬁ? é""é’n‘@?’%}‘cmRé’ We?vﬁrsHF t he

met hane is piatdrial ikl the WaIbGreMat calilERhd ragndck@ez& wailQS @ théhitor 4HdQegidter

approprrate eologrcforrraron W th trappin nechanrsm Preferably, the

bi osol iXs afBeqtiAR BArLRRiers Sk a1 Tton M) XPImES: REEEWFS: geneitiand femnsratyse 0 teldnt act i n
a geol ogi c ftigleMalddftidnali] prefatile thdyaHoul® indRaevariable RED@A6ls Gxted %o k! | t hen

m grate upwards due to gravity segregation, Methane and carbon di oxi de
produced by W%&%@V%‘é’t‘?‘%rﬁ“&'ﬂt the %'HPﬁ a9d opirpization ofthe Juryrdorgingsent i nventi on
wi || percolate through formati on water where nuch of the 25 carbon dioxide
w Il be sequestered underground by dissolution in the saline formation

wat er, where the high quality methane will accunulate-in the gas trap. The
difference in sequestration is due to the much higher solubility of carbon
dioude in water relative to nethane (a ratio of at |east 10:1) at
tenperature and pressure conditions typical for deep geol ogic formations.
Met hane, in particular) is a potent greenhouse gas. By injecting 30

bi osolids into the deep subsurface, gas release to the atnosphere is

el imnated and carbon is permanently sequestered in deep saline formations.




10 Decenber 2002 11 Recovered nethane from deep injection formations used
according to the present invention is of higher quali{yptbashdhas generated
i'n surface digesters or fromsurface . landfills for two reasons. Firsts by
percol ating through formation waters in ghe injection formation, the carbon
di oxi de conponent of the generated gases will be significantly .5 absorbed
due tg thﬁ rmmbodahtgb&ﬁstsa{aﬂimm;j i:dn;{stai‘ésm&yhmm)chxﬂh' delilery ailedf b bidsdlids sledrpane.
Secon t he t e a cor ing to the present invention is at

hi gher presstt tpa]?ﬁihﬂ% Pﬁl 'It’fg’ Yed by surface landfills and requires

| ess conpression for &tmﬂa@sedmhdp&&:mtd&waamdmempmewﬁhg@):uﬂﬂ@ﬂﬁddhe

injection for ille racted, .if desi t he
equi pnent ué@gg?‘ﬂ% @?f“beﬁg%'fafgﬁ?%g'blafqg 'ﬂ' é‘% Ymulaion zang é{r#éslfg can be
renoved sand Alheeliiusal mlﬂ&rpﬂaa&dxeth’ﬂhm designed mssehllagaigat lﬂfxﬂeﬂd kamdgrhtion dad
roferred erSon R Pk %St AR EFRSn 9t e et M BaHY FRESD a
preferred e 0 cr ea ate of

bi odegr adat iveli ippreferubly in jthwar@ ob509s0 ROMsm® peh day of bicdalide slogry.aBy ealéctiap

envi ronnent kN st ances
or bacteri aanllul ﬁgﬁﬁé&%djﬁfh; dgl 0 #"%%%ta?é“r%ﬁ;pa gggl;sta?élsn%g&sf géﬁ Iosolids
slurry that sitecdnmr arge- a3 mmmgn)cazm r manygyedisnat i on of these
actionsy, to optimze &ﬁjfﬁé Rl

enbodi n%pnt t he pr eseﬂrllt%rfetgéfr I nc %ﬁ%ﬁ%ﬁ‘l“ﬂ%&%&%ﬁ of pr o%i%gtl on
of undesir aﬂl)@f&mf oriirstian. s@%huterssteelaoﬂmﬁ\(cdieé)@mffa@m exierdx from thend hydr ogen
sulfide. FOlau@RPinlovhfost dlpfh dtan @ﬂ@g{ﬁ%&&ﬁnmwwd@% REGeRY

adjusting the 20 tenperature an &geous lurry so that the

resul ting physFEent &eabm?méédlmmk%lmmwcqﬂﬁd eroémmmas)ecxmn&n des
an optimum %ﬁemmﬁﬁédéguﬂﬁﬁﬁrﬁdﬁ&ﬂﬁw&'ﬂﬁaﬂ&mm £Raé bacteria
present_in the biosolids and native to the injection formation. In another
preferr@d erfBBeodedRy ceBedegr adati on rates can be increased by addi ng
appropriate natural mcgﬁaﬂidhfoaield}spmma padaa,ﬁhefeuauﬂmgﬁahaﬂamsollds

rior to injection) or after |n ectlo i NoC t|o sed to
Pncrease thLP‘ﬁ@ﬂB FEPTOPie fepfhs ‘51‘”‘3("?? ‘%%‘BPF%@“‘I% ﬁﬂ'@ ®t he

specific temmuﬁhyrsanamdﬂ@&mumnd eith duidl Qs pRisuteluf ﬂuﬂﬁtﬁd:tvﬂm coastaEy | on

depth) or to_inhibijt. cti o f undesirable dec iti r oduct s,
such as car 58" qﬂw‘gkg lmmﬂg” Yf%’wa”‘"%i}"%g‘ @%@gﬂ%ﬁg’&%ﬁ“"g iwnlfﬁr?lﬁ

nutri erdds anbeﬂbdkantocﬁmmm region, dregeatéral agelhmwmmgnbhtm ¢aaxhg,al ter
acidity, ’wh?{ @fﬁ'tgﬁttsh%lmﬁé)&b t!eﬁleat @)h can be added to the biosolids
slurry 30 fo hhe safme purp . exarrple bacteria that are relied upon
to pronote bi odegr adaﬁﬁeosel@tlort¢fasmtqbb0me¢110b|fm‘m@tﬁqmdp@mrttmefﬂlpgh pot assi um
[ Ul T TN Snjelith i e i YIS Alioo AUt Snjectb R BERpe (Y b rfl LD ©

salt pOtaSSI or| to an inject s slurry
to pronot e H’a@dmwrtg irbw\prnferrpdwcrgi@d@;eau. however, ghehiasplids arecdranspantedchyemiec al s

added t %dnﬂigt@%éﬁ%%@%hﬁﬁ%éég% Site, Qrﬁxcﬁ’i‘s'lé/m&ﬁ%&bfseﬁ@lhlz’?&uf‘ce'o? water or

i nsol uble so t 1§ not renoved 5 uring the water
expul si on thwel‘ab@mmles conpaction of the injected naterial in the

formation.- A suitabl qq&pligg&feg SSFIPIIY rwf@%e%%?%#%ga@%‘%l@ol i ds

slurry, therefore, woul d I ne ot ash cont ai ns
pot assi um ft W@n&mfwan%rﬁm" Pﬁﬂ‘ﬁ SEWUﬁEPéFCUPH‘é Pl‘qfﬁf{eééh%'éwdl‘e aqueous

exposure) higRedoR BPGE Bloki@as ﬁﬂthﬁl‘ﬂ B b0l RIS hule Qf2ed, screened and mixed with

30 water to produce an aqueous biosolids slurry that is a consistent mix with no oversized

1

particles, and is suitable for injection into a perforated cased wellbore.



For exanpl e) biodegradation in an injection formation can be limted by the
| O supply of phosphorous present in one injected bi osbdDdeersbar2002 | n order
to inprove biodegradation, a second waste streamrich in phosphorous can be
bl ended with the first waste streamor iqjected separately) either

sinmul taneously or alternating with the fist biosolids slurry. For exanple)
a waste source rich iIna;pknﬁg'tﬂdwnlqummmbiowﬁda‘slmiadmmtpegenq'ntamteﬂmefrom
phosphor us-r exanple some
wast e strearrésfﬁéclgﬁ¥§;§%pg‘té§§é Frg%gﬁﬁ@% %ée(tg%)gjetc%ﬁ aﬁﬁtgl [ n such as
waste str ean@ctimpimhep ap eteaqurmime thegrical a@uuuiloauabpropm@roddwe aw:pbbrmsdids'

bacteri al t n ?g,ngm cidic
can be bl endglr V\/lat%“lh&pﬁ%f{‘ l{rag.t()\qg?‘rtge;wnﬁ tgt osag@&u%td\l@ﬁ'&&&a" ; the gdtpgretfgn%fat o]
pr onot e Dhact be sluiry haghiengefiiciont methanegetemtioat ed sl urry. 20 In yet anot her
exanpl e, natural or geneteGashivis Ghdh e;@é&f:ﬁ&l Hhaffeiontofi@lo fuddiesln'sy an

injected biosolids slurry to 1 nprov preterred

embodi ment , &hwmbd@pew%@naau@umaﬂmxdwd@ﬂw%wea@b@%k&%ﬂ#ﬁﬁﬁﬂhmynmw the | ow
concent r at i Oy RfiiaRINBER thdinfelifon! finfafidd, Ak ihiebSPhAtQRS isbhibHed 18 uhfigedr ESENt
invention. In a particularly preferred embodinent) the bacterla are

met hanogeni cdeg‘ZQa“Ad yrder @iﬁa‘l"fv“? conditions, r Given § selifls wixyise prdgezoing\naseebin f f er ent
conposi ig Onsdlféiﬁbnbﬁn Qlifne 8 ddepaRidi@an bOotiBdd TokEriiH A8RIdmddgiegr adation in
the injection formation, or to maxinize the rate and quantity of methane
generation, or to decrease t he rate'ﬂhd“ﬁuantlty of generation of |ess
desirable d nposi tion products such as carbon di oxide, sul fur dioxide or
hydr ogen sul |de For ex a source of animal waste that_is rich in

organi ¢ nat eVhem Weapass of %wweteasqm’t athaye gt degragded gfies time Vo imassefch as a
pul p resi duesolidsaispbshdd, kr-oaecay fdesrivieat] and kumehaﬁgﬁletayﬂtewaéedk WHB&pénd Of

th te that 3 | d t hat |

oteat | o Thesnaaripget BeradineREL B STy HRBRerRh BESBET ons, as
will be 1 CexbRactherinntenBtitn dfs&dmndgfial wmsslﬁgt thdmpmemltdrcskuielordenofmé art,
i 1ol er onggebon RN PHAR el 40k SliaRR Do Botbudeliyd fiBh O

formati on amg" 'er ence osu er a I the
i nj ection f oheatounhef nateidl semaining &ﬁuesannmﬂmudntmmddamnwmgqufmaﬂac (e.g.

1 ke deep || ot LROhaR t AOOIER o8 18 Sl S
t her rmp?ﬂ i cdebadrtd@nda typicallj corppnsedl mginly of m}’—@mei(iﬂﬁﬂ%ir. qu@um(ew@%),

consi der abl yp;h at ures. Pressure also varies at the injection

formation dept S antl Cl pat ed by the present invention, such as from about
10 MPA at a depth of Inaddifiagdpthe meghagisal protagtion pegvided petp@m&mnp@tmp about

3 10 4 km ThEuRl Rt pldaehidilprévidtd 85 thelstledtAR oPACSBlopHS e ﬁtljddﬁétVfoFﬂ\kfuTon be chosen
to be 10 suitable to F he tenperature and pressures that e encountered
in a speci fitth pyliele pyselying basgier ad buffrazongst the arefest m?th@ prepb'wc

bi osol i ghs, %ﬁﬁ}{u%s%aﬂu%etr%r diigSané ﬂfsplhyn&eﬁés'sﬁ@) & iR gy’ ﬁecd%ﬂszo&eifﬁf\@
advant ages over the current@g used techni ques irst the present nethod
reduces t he fstaverlying highpern mmm@sws%aemﬂ%wbmm%ma g undwat er

that oan be &ﬁmﬁﬁé&%%ﬁ‘dﬁdw&h‘b jféétfoﬁ? B}l'&@lﬂr%hefdé%laﬁérpfrbxﬁs because
the biosolids are injected significantly_ bel ow any usable source of

gr oundwat er . antigipateddnieqtion beflaigpwill hempied hile piaterial ds %‘F‘d‘ﬁ' bejow the grpunduater, s ur face
l'and area t haRwing Mflmaddié tearlliaRtdm " AdHithRATAbceR ImaAiodiglthy ALRE sevahilRs of

bi osolids. Third, the present nethod does not permanently alter the surface

land afiler teh ¥iPessyiseTecording prd asalyss, tlempermiHIe BEUEINEsoYFReS defoppaliote t he
bi osol i ds Cafedfterintigg aﬁaﬂ(sisoﬁ@nu@tb&%ﬁuc métltoliRg, a8 WAPRSEdrstotEbPhER ENt

net hod significantly reduces or elimnates truck traffic to di'stant

di sposal sites and) therefore, reduces the noise and environnent al

contam nation associated with heavy truck traffic. Fifth, the present

met hod reduces the anount of nethane and carbon di oxide released into the
at nosphere as conpared to surface application of biosolids. Sixth, nethane
25 produced by the degradation of biosolids according to the present nethod
can be collected far use as an energy source. Seventh) biosolids disposal
according to the present nethod can reduce the cost of biosolids managenent
significantly conpared with conventional surface application nmethods due to
the reduced or elimnated need for trucking the biosolids to a distance
site for disposal. 30 Referring nowto Figure 1, there is shown a schematic
di agram of one enbodi nent of the nethod for the disposal of biosolids
according to the present invention. A 1l represents the surface facilities
(storage) sizing, screening, mxing, blending, process




10 Decenber 2002 14 nonitoring and punping equi pnment) for the formulation
of suitable biosolids slurry mxtures for injection iBenibe 2¢92 on
formation. A2 represents the injection well (or one injection well in an
array of injection wells) that is cased gnd cenmented in such a manner so as
to wwthstand the injection pressures 5 inplenented over the life of the
facility. Al3witkepiiitiehé st Witk referenee tecitlis discioakd. dFheIhdnitdringtisyrtfeRbly padermep| aced

and has rapi dl raugh. excess ter. expul sion ) becone solidified by the
great wei ghtgo¥¢ﬁg®%fgfgﬂﬁ%é{o?'§aﬁgbﬁ't er all the methane possible has
be?ant _gen:ar alt ed by theBdnmdmgprb_ I meh'st _tﬂedmtthfixdmmst):_' Wobk@mmblﬁmdgmdan?
relatively |ow,.per Plity stratumthat is .righ. in carbon and .ot her
L gani o ol oSBT Bbing dely Bk gt bl o Tks RaSRRRPrabin BVt

i _n{ Iecti oh fotormali;mlchaﬂ'ging Seuptios flowaod mechbaical pnoﬂerudsshﬂ infectdty) ?drml ecul es

Wi not enter [ea reenhouse effects. represents
the injecti o%et?r}(%‘%n%é&%%ﬁgf 6‘2*%5%# %ﬂgn%!%ﬁcgﬁ%gl %'é‘r ﬁsr"r"@?” B\Qf{%rs\%ggy nj ect ed.
A4 is of sufthowiwititskitlan theiartywithrrefereacerto gis discloguras Preferably; diniddnjedtion intethexcess
slurry 15 fl yi | . -fer %1%{5 i]d- ' I jon with
shal | ow) usaﬁegé_oé‘%ﬁrﬁ\i\maﬁgﬁg&lﬁﬁ??gggra , tfgﬁ%q'l's({ng%t' r%?g?ﬂhé&o Ibg@edoghosen as
a | ateral |y &dditonaliesolidstwil nefrhednjeatedrif pressutadn the injection formatiamrentainghighat h
connect iy t Yappobathni@ HigRC A witPbe ldrstobi byPthGselith skiflGn WR LR in S¥PLr Bflialts Om t he

biosolids slurry during the conpaction process. AS represents the evol ution

and upwar d niiesHeeut obthe injestion formation adireach mugi oy ardifie prpssutedn e dtiesiemdat i on

process. SUuCkHEHGR MRStibe Bighbt tRan L predtlide Yn BELRUSE driRioE I\ &dRich %o @E 2
specific gravity that is tar |less than that of any interstitial water, and

t her ef or et efR#ENYOYs pressere mmopitnsial apd\analysis.dhespresent ragthod prefosablcinplydasiskptfing f r om
the pores. A&wﬁnéﬁﬁ@ﬁunsw&xgﬁﬁm&nyfo RAFPSHRBIOO WSl 4tf Mddralld Sireyslp® Mt hane
col | ect thr%ﬂh t he, lg%lvar m grati,on and 'gf;{?gr l i gui d di spl acenent process)
and from whi SRl ip t’t‘!‘?@“@‘gﬁ‘@r"é?BHW‘rEt wellrorareas t r acted for use.
Thils z_onel, A6) is a "]hraﬁqitﬁcrx;fpfﬁferfeanﬁmh_ ﬁﬂ,d?d@b&&aﬂﬁef tﬁbﬁdmeuleéov&urgtu:l irfpLthd abl eh
geol ogi cal structure ch.can dn the form.of.structural closure wt
Polded bods Pl eI pe AetiRothe meuodia Rigouds, THE el ot BRLES o1 1 o
a change of wsedhs 4 glqae fuehoAltehaivaly, the mathareposdocedicanbedbft tuiklergrovad aoa storad Sone
ot her suitab, i 1tion [ I nd. | [ il rata. 30 A7
represents t%@p lggiﬁlgﬁ%‘\t'/"g?qyy?{fne%&? ﬂ'go‘% ?‘%j"i%@‘%’rs\ p?e\oﬁ%&? %gg’f H'éetwnérs'%e of

suf fi ci @t | ybibsolidsiato ar apprbpriate gedlagic famativawitbia tfapping wechenish. t Preferably, thee por e

space. Al sO,;: : Tl wing o 7 .
non-fractur e%?gag(r’s %%@J%?%ﬁpyb%?o %%%%?‘geé&{s%xﬁa%glghtcﬁg&ﬁe ihgarr(l’g’glg'annot escape
to strata offormaionr The gonerated methA®: and parbanalioxideorill then migsate upwandsadue toonal gas

wel | s that : w;méeg L j : s4Jas
wel I's, A8) :%&%ﬁ r geriélag?l{rg%(&tﬂ%gajslé tgdgwti)‘e g?%‘i’t he ?’gggsdg‘%&.ﬁu%ggr@%d?on

begi ns or ar¥cepieg thepesopt inveatien willpewslatesiyaugh fermasion waterwderegnuchef ther at ed
so that o he Qasn@RRidt WaNbd RiRstbRE u%l'glrélve@lﬂ lﬁ)é di/%\%ﬂﬁgmngﬁb Qﬂnetfﬁﬁnalﬁerp&ht&?r ation

of the strata, the nethane extraction | y be vertical, horizontal
or incli ned. whege the pish qualitysmethase wilh acsumulate In te 235 $5pp Shacdifferenseimat i on t hat can

use the extredesehigR sl & RSmackHifRPsoRbRItPYF Aftdh ARxidéintvidr flifivY 1o t he
extracted nethane can be shi pBed directly 10 to consuners for home use or

i ndustrial uSehaeftephileay P stampertyrn aukpressyre condisiousypigsh {asdesPon has
been di scussgdiceit 1GRAGHES Mitafe, §e halidutald i% lb g&t&f&‘éfe@ﬁ}ﬁﬁsetg%. Cﬁyﬁ.ﬁe%pr eferred

enbodi ments, ot her enbodi nents ‘are possi . For exanple, “the nethod of the
pr esent 3¢ nviesolids inta thetsleempypiurfaes, ges relpase ) tipumasphese isgiminged andrrarbos flan 15

bi osol i ds. Thehsfyeqlettred mQUesp &ind fofmaBReNded cl ai ms shoul d not be
limted to the description of preferred enbodi nents contained in this

di scl osure. __



10 Decenber 2002 16 WHAT IS CLAIMED IS: 1. A nmethod for the disposal of

bi osolids, the nmethod conprising: a) providing a supplypefedhe220b2 ds; b)

creating a slurry of the biosolids suitable for injecting; S c) selecting

an injection formation conprising a natufrgl gas formation in a gas

accunul ati on zone at |east about 100 m bel ow a ground surface: d) injecting

the biosolids slurry Reaberédmethanp dotn deep injectiontforomations nskdepcoadingtaiticg t he

i njected biosgl.i . . g[@g e B . j m‘gge t he

i njection fo?r%néaepelgﬁeﬁkéuééﬁ;élglé&?g rtgarﬁ' %ﬁeg%l"r oun%%cgélﬁ%gegge@gf “one or nore

sets of al t.elandfilisfigr tiva yeasans.oFirstj gphpepeotating thirdugh formatign lnatergiie thedajo¢tiont y. 3.

The net hod o b M d :ExideS R of ¢ geldd kel Svith . 4 from at
I‘on%tﬁ)h,rqh Cmﬂt el‘%ﬁx&u&e wgbm of tf¥ gelirfisfaled g%ﬁ%ﬂm%éga

| east one source sele ro_m tr g.r.oup COI’]SI'S'EI ng ( sewage
wast e, - wast eahsarbed duerte the mwgh highes selubilityjofgarbancdiaxide reldfive irumethango i$econilnal

Cndust i al e . N ¢
ol m 1) vhels HeRate AnaalrhBing b @ ol BERGM: Bipttr ot BiRE 0
3, 000 net er sgdvetaedby busfagy landfills gud fequires leSs comipressinat fhodorage azjuse. m 1, where t he

injection formation h : : [h) ection
formation is greater %ﬁg@b&%@ﬁ?}%ﬁﬁ%w g@%?.o,%ﬁﬂ%% tlr{em\%hu{g}rué t he
i nj ection foexwmaeted Af desisedatheeauipmeny usgd Eortijectiomefipigsolidsgad,recaveryod metliane The

method @f Cl ginlPe famoVBLLM Y sife@BshtiorRAE Thid WuRRY ME Sltabd thad baeSondifiord HGaONE OF
nore alternating layers of high perneability and | ow perneability conprises

shal e. 8. Thid me{ayely apd lepves fisite unjmpairedt he one or nore of alternating
Ii'i%/ers ?T hi Igh perne?mirlddr%mrzr?%bbmcg;alfnar{pm&ig&?fodﬁcxadesh@%;a;liqgtmé&@gai rT ﬁ of
alternating | ayers of high, erneabi | and | ow per neabi e 9. e
met hod of oI BiPAFETfatop of 8 e hiasaliday This dSdone by a1Pdad cpvisenmgna) £agdicops n

;ni ec:! on fi%\%ﬁl_éﬁﬁdih b?ﬁﬁ'gﬁo%'ﬁjiﬂ!ahkﬁﬁt)sﬁh&sf ?&me&ﬁ,dsbyj m_jlcsﬁﬁgtme bmbmtidapn .
ormati gon. . _The od of claim.l, .further conptisr ranspQrting the
el ot ol bi mBpUS of e Hpseifl sy bt S ijeste ks s S5k o W4 oRRRGoR o

bi osol i ds. Bﬁiﬁs%@qnihepmﬁ?@demmhﬁmbm&w lmﬂbﬂlem‘ﬁfbt;cre‘d dixgzoﬁhfthﬁ‘, @iei ng
pressure in the injection formati on a tine. selected fro e group

Consi st i ng oPBarBb e ingles PirfEde e oo bt Sk fiye BT Sefit o) | 7
the injecti ocurtfondivxide posulfuidioxidropnt! hedrogenedlfiden of the biosolids into the
injection formati on, t LDj.ect i i I i Al ion
formati on and a conbiﬁgarte?%n %ftﬁctr%%%ggg@%ﬁ%a %%ﬁ%&%ﬁr%&%&%#%@ﬁ%l m 2,

f ar t her 2& onpleinpératyrerand salioity ofthgpaquecys slurry so that thesrgsyiting physical psepegties phde one or
nore of alt gpati f L ecdt . j | ! . {Nj ection
formati on. ?@%%ﬂgrlrﬂgﬁﬁogﬁ%% pc eﬁegmq &iﬁwﬁﬁ‘% ﬁg‘?&glg}#g‘?ﬁsl?%% |n%‘ge%¢s}:ﬂr%cnt he
rate of degreeiesiof haciriaprsetsiie biosplidpandmativede theinjection facmation. deaneieed. from
the group cofsfestd &%oﬁfmeﬁ{, %Ebgb%‘ﬂi?ﬁtﬁél 12@8Sh b@?@r&ﬁﬁ%ﬁa&ﬁr{geﬁﬁ?ow Indtl}8 or

provi ded biosolids, 1noculatin brosolids wth”at 'east one species of
bacteria, chesagficaly engiseqredirsicris torthe Ypsolidseprior toinipstian, or afterrigipaignt A&e sal i nity
of the b9 bi AS@akis:cantdUiddGo Horeh @M dOGHpoSGHad e Bickbifas BiePHEtids and a
conbi nation of the preceding. 14. The nmethod of claim 13, where the

cheni cal addees Be eeeifip emperaiugrand pressrecoaditions at the inrtion fetmagen depthe PRiom 1,
further compmhi®it B pRddubtivn/ad uﬁﬂ%&iﬁﬁﬁﬁ!&dﬁp@ﬁ%&eﬂ?&ﬁ%ﬁﬁm@é chiBén disaaSd@abiron of

the injectod biosolids and recovering nmethane generated by the degr adati on

of the i nj ectigtdenndduydmes)suliifle-cFurhey, dutricnts agd riics phegisal erorganicaeeie such

ir<jcction fgrngms Hﬁ{hltcﬂ-éiq}ﬁ; pH 6 oRhERAGDoRAtE, KN, Ban te added'td (R biosQP mu&* ng
e

increasing the rate of nethane generation by perform ng an action sel ected
from t hd0 gr ofepthe §#ms BYPA- of bl endi ng at | east one waste streamwith the

provi ded biosolids, inpgeximpié,BacetrandaftSOlidddon'to pfonidte iSREMIIOR of the

injected biosolids can have high potassium requirements. Extrinsic potassium, such as




speci es of bacteria, changing the tenperature of the biosolids, changing
the salinity of the biosolids, adding at |east one cHébaambto2ilhe

bi osolids and a conbi nation of the preceding. 20 17. The nethod of claim
16, where the chemical added to the biosg(ids is potassium 18. The net hod
of claiml) where the degradation of the biosolids generates a gas stlected

fromthe groumbeaas petiskinf cRlbrideAKEY) cahi vR%4HdE to Abihjestid BbsBlAsIRirry VY PoRBEN

sul fide and conbi nati ons of the precedlng, and where the nethod further
conpri ses deterteddigRy it e rate of the generated carbon dioxide, sulfur

di oxi de, hydrogen sulmlgé&raruﬁ@mx&amaommcammea&tﬁmsee@asmsdma@&,f orm ng
an action sel %iy %&omthe oup, co |st of g{%@dl g at | east one waste
strearn withb& sefutle i I°FH§°‘ 'ﬁf?c JEBITRROVGH t h at
Iﬁast_ orge ﬁp@@mlgzmeaiateba;qmmmmgmhml dngcmﬂp@ctbeapméageafeenﬁienmhﬁu@ OS|O| [ ds)h
changing the_salijnity t he bi I, ds t t .one chemcal to the
bi asol i ds an§™ “gﬁnﬁsﬁgﬁb*eosﬂurﬁ‘f °f?pr‘?§s @éa‘?’?ﬂf Qﬁée b‘?ﬁ@%?ﬁbd‘* GBI ai m | 8,
wher e t he chemld:ai ﬁ@tyhiﬁhnﬂ(pome’elbmﬂhcld&nlaﬁs pavissinmithunis s&ﬁzlﬂﬁbem%edrmt hod for
t he di sposal sol ids he net hod c r|S|n a supply of
bi osol i ds; Hf* é’P é?l rﬂf{"ﬁ"dgl "81“%‘5‘” E‘@"?LR"?ETWOE nj ecting;

10 Decenber 2002 tzs Ko)emip&cbmrﬂmdnmmjmﬂfmwﬁdmmbsnmde a

nat ur al 1S | forrra

as, .accunu i.on. e b round surface; d)
i nj ect | W ¢ rapRly 8} %qc’fp&gm"?ﬁrg’e‘t“ﬁ%o?enﬁm @%080’1‘ el g“nmw%atﬁggﬁ %% | owi ng the
i nj ect ed bi Oddelegeidativn adkegrnd dheste Mmcbutﬂhewhmmueﬁlmmmtmmesfestect ed is

of i g per reae g bR bl e ifudlenlly & shEhEnflaf MHRT. 190, '

where the supgselidsglunyi dFooexanple; tswebécraomnﬂrlo iphespharens san eome fropus chemical ect ed

fromthe gr f %L‘te?(]eﬂi@ \e, waste water treatment
wast e, ani m%tsgﬁghﬁﬁdsﬂg’ﬁ%n%cgggdggham na ﬂﬁ |aI waste and a

conbi natd on of 10 t hdngnatkes aramgle, mew@smw%wsterﬂabrmobésdmﬂ@rt he

i nj'ection fQﬁHﬁﬁxtyD d\%.séﬁste(s%%éﬁs@&ﬂ’ &u@ﬁn@ﬁ&htﬁ?' RVrddi % pofbd surface.

23. The nethod of claim 20, where tE “injection formation 1s from between

about 500 arfdctatial desraationf the wastes, 3poond wte Sy Whick ifaridiccan hashlonded T

nmet hod of clitthe Brst 2@ € ddiSt thOpR Gf ihe Brdafis BRrbAdte bR kridl depral@babthe and the
t enper at ur e of t%psg injection formation is greater that about 25C 25.-The

met hod of clief Y¥-where the injection formation has a porosity greater
than abmut 15 ~ . 26.In J&tandtdr oanpld, nﬂhﬁldﬂgﬁ&ncaﬂbeﬁginaﬁfedbmiac&n& | aw

Pt moab |1 ¢ AR5 sl ot Fiery ) BB B ot s o
cl ai m 20, mmctenatélﬂeaieamr:roﬁaspceé beaimmmwgodcaaytan&n affoxfgeglin her meabi [ ity

and | ow perrrea LS at air |t |n!q Ila ers, of high
per neabi | ity “an tﬁm atm"? Hseeg\& ﬁ??mseng'ﬁ%"&% Iﬁa gu‘aryprf aim X‘f"urtt her
conpri sing dhebﬂctengarbmaﬂﬁnugescw thin the 25 i I’lj ection formation before

i njecti t he bi osoli qﬁzdoﬁ' % ﬁmh 0@ %b?gi%%gﬁffgc %’?’@"aso? thod of

claim further conprisin ans “to an
i nj ection sml@dwogntlpetobedmmee linoqotaémgmgatidnen the ogestioniformion, o‘fh@mmamizod of

cl ai m 20, M rmati on
et e b ARand AEREL B R YCh Rl BBl e Pl T B kAP
bi osol i ds i rifdes8@estrible den@xmmsthmrprbmxcmuqhamcarhhnrﬁioxgiet sudfuy dlwedntordxudmgent he

bi osolids i %ﬁd&hﬁoﬂé}hﬁ LI 0 m_fwo&%} tea&it;ir?%% g%ecegn&gscm@sol ids into

the injection Torimt o a co |na|ono 0 Decenber
2002 30 blended with a source of waste materia such as a pulp residue, sawdust from a plywood mill,

thermally treated wastes, or other waste that is less rich in organic material, and that is also
sterile. The two waste streams are blended in the optimum proportions, as will be




19 3 L. The nethod of claim 20, further conprising nonitoring pressure in
at |l east one layer of the one or nore of alternating lleyRkcembét202i nj ecting
the biosolids into the injection formation, 32. The nethod of claim 20,
further conprising increasing the rate ofs degradati on of the biosolids by
perform ng an action selected fromthe;group consisting of blending at

| east one waunderstopd byathpsgiviith skildn fheatti withi raferenroito kowledgoof theainisity t he

hi osol i ds wi I ;o ﬁp,ggd : er.| ' the tenperature
of the bi oso%&@?nsgﬁglﬁgjﬁg&% e §§ﬁ?ﬁ%ypg€&t %ﬁbﬁh{%?gﬂgﬁ@g addi ng at | east
one chenical to the bFksdemnpesniurg itheinjestien formations esed inHhe pressatdavention @8.  The

nmet hod. of cl.aj o i. . i :
pot assi um Llé)ﬁ%g)?ﬁ%ﬁe e .ﬁoﬁgﬁeﬁ?ﬁ%ﬁgﬁﬂ%ﬁﬁ? h@ﬁéﬁéﬁﬁ%ﬁfﬂﬁg@? iI“g\f‘\llwrll’g
Tl

met hane Yo biieginadprnation ByWesheenyehFaliferniao HSh Hpwevér, spitablediprorhdlist i ds ™ and
recovering npicRaneandRReddatiddnBitioh fetmaldshs Afahd Qsitrably WehePhedfph@fhrddi 0Ol i ds)
after injecting the biosolids into the injection forma§| on. 35. The net hod
of clai m 34) Pregieale visisepythe injegtionfermation epthsiiaticipted by therprespativvegtioner at i on
by perform ngicRis st dseic AP a4 ddpitndh 1L RS dPHPtbRbER 86 Mital 20 Beplifs oPbaREiang at
| east 15 one waste-streamw th the provi ded bigsolids, inoculating the
6i asol i ds wi #qutat toddkas ¢ Therpfore, hacteraadded 19.the bigsalids siycry saust bgchosd to Bper at ur e
of the ki 0sokitifle toGhB@pdIGurt ARd Fradsindd thie il telRRcolntere®in Dspecificiljedbnal | east
one chem cal _to fhe biosolids and a conbi nation of the preceding. 3ti. The
met hod of clﬁ’i"m‘lg%, where the chem cal added to the biosolids is potassium
37. The nethod of cl armnhod Eratieditfosal deGibsliad, iacsordidg tb ke padsaf ddviestion,
generates a gas, 20, sel ected fromth roup, consi stin . .carbon di oxi de,
T Tur o o HEFofy B GEER! SRR o de R RRErghet, st Beditirity " and
wher e t he neinkthell rediicésthe potentipirand el idpact oa Surkge Wakrsrand grooidwiake ttgeqabat ed
carbon ¢i oxide).sulfiu dioxide. hydro ul fi Qr _conbi.natipon of the
pr ecedi g by é ' i sting of

B, by R ity af Aeesan S PR, B o B B

bl endi ng at digéficantiyrbelowcsy esablersewree ofigrduntwaten r Segond ctfie presemoinettied requies ul at i ng

t he biosolid ' ' . ' A

terper at ur e Sycalites SRSt Rl oS REFIRRP uplcatity R bkt of BHARICAO I

addi ng at | eefdioselids. Thiedvitheesiresens mathad ldpesol permanently alter berisurfase Japhalierr thehe
precedi ng. Sfspodif BB Abombletel 2IFBUR bedad4AGhEbibidRasP T gﬁﬁpeaaﬁs&n kst he

bi osolids is potassium 39. A nethod for the disposal of biosolids, the
met hod ¥bnpriosfispgsal.the pressyt methayd signifispplyyredeesarslipinpigstruckdrffic te st ng a
slurry of thfsdiaPR@L hfdS mitkdrRbdicdsQhe roile@Rd Efironmenta® cInBmAMREE axiited ZO C)

selecting an jnjection formation at Least about 100 m bel ow a ground

surface and ¥ ‘Q’t‘@&kﬁ‘?ﬁ'ﬁthe ground surface by one or nore sets of _

al ternating |ayers ofpifth g REEATRGO nicatb AdinTnERARS hidlatborlliokitd ect i ng
the biosolids,slurry into the injection formatjion; 5 e) allow ng the

i nj ected 6i ST EIKheptmosphere abemaaed tstatage #BHALER ofbipsplidss Stithe Mefhadg | east
one Lay®y of prbdiRedbyahdeg iRt Of bidtolily d:34riing td MY PreSenbinbiRbd ¢ahjbe 6dlicBed fdpe
biosolids into the i n{ﬂecti on for %;0%85}&40' The Jret hod of claim 39, where

the supply of®Bi BSBFEYEOUS: &E‘ﬁ"@‘e isposql aceording fa the prgsert methed &ne g 1 om
the group C%&c&ﬂb%t@fbi&ﬂﬁﬁdsﬁh@@ée _ lndmgg@)npm_%fvﬁhmamoh%sﬁmt ment
waste, ani ma ste, non-human-non-ani mal i ndusirial waste_and a

car nbi nat i or2PBRCat¢femethads dug g gne m‘ﬁ‘@d??féhﬁ’&a%d‘eﬁff%%ﬁ,m?ﬁﬂé?@?he

i njection fodisarict 9@ forsdispb@In bet ween about 500 and about 3,000 neters bel ow
the ground surface. 42. The net hod of cl aj m3‘§'{ﬁwhere the injection

formatith has a tenpdicirurenon g Have b shere jsshowt 4 scherpptic dizgramfopg i on
formation i senfiosigleIof tHeaet!dl $otithe’8iposat 3f bidBdIRLMiHy & th€ prtenl idvbntiler e the

i njection for{mti on conprises_a natural gas forpation in a _gas accumnul ation
zone. 44. Tha! FrRtesBt thersuefacsifacilities (SRFA8Pesiding SFTRTNNG MEvines Blenditg, BFPCREs a
porosity greater than about 15 ~ . ZO 45. The nmethod of claim39) where at
Least one low perneability |ayer of the one or nore alternating |ayers of
hi gh perneability and | ow perneability conprises shale. 46. The net hod of
claim 39, where the one or nore of alternating |layers of high

D




perneability and | ow perneability is at |east three pairs of alternating

| ayers of high perneability and Low perneability. 25 WyDemmbergdfdod of
¢laim39, further conprising creating fractures within the injection
formati on before injecting the biosolidst4nto the injection formation. 48..
The nethod of claim39, further conprising transporting the selected

bi osol i ds t omenitoring ansht pumpingiequipmsntyfope frsiulaton; of jsuitable bipsolive slhirp gittidds .  49.
The net hod o . Al vo d rising nonitoring pressure in the

i njection BOEOF%%E‘EQ %%aa@ﬁ%&op?@%s%e}?ect ed fromthe group consisting of
before injecting the 42 opuiséntithd injectiontweelli (o ané finjestios welhintanargy olinieetipnt he

| nj ecti on Of wifiull@8akd #3 cbifbatiflSuch lofafide 98 il ine felitn prdllieG! 1 N
the biosoiids Into the injection Formation and a ¢onbi nati'on of the
precedi ny. implenpated ayss thedifpof thpfacilitye net hod of claim 39, further

conpri siag i ncreasi Nga4 RBrdsésnnjeetBd bRl Mitryohattaeodsh PRGI afEnRY

perform ng an action selected fromthe group consisting of blending at

| east one wapidlysthreughexgessiivaten expyision; bregime sabididied by the Breatweight ohdiet he

bi osol I'ds Wi §yarpRideh RRS, ARG aﬁ%%&l%n@?oﬂﬁﬁ%ﬁ'{ﬂén 2énBaRE by the bRBedsdERGH 2L ur e
of therbiosolids, changing the salinity of the brosotids, adding at |east

one cheni cal Pregss e bspamss B idense adrelativebhigy pegmeabiligyrstrata that iscisliin@rbog) . The

nethod @f clalddmePorgieCmblebild tab@Bleal bidkpaghble: iH2RofiRMO In iSinjestidaot assi um
52. The nethod of claim 39, further conprisjng_ allow ng nethane to be

| owi ng h
gener at ed byformaiopetieserrestiesrd Grbopaad phicressasty minlesulst VoL eiter e atpesphsty
met hane genegradtiagl gleynhbine effegy. adat i on of the injected biosolids, after
injecting the bi OSO“nS into the jnjegtiop formation, .10.53 The net hod of
claim52, further co ‘ffegfeﬁeé‘tsi o "r%@‘"i" %}”Pétqg“‘a‘f&r@?"ﬁ&%‘e‘“‘é’é’ng?at‘?‘on by
perform ng ainjected.i AfisofIseffitient pbrosity dnd @ergreahility aoosacaininfgate thelek@sgklurey at
| east o t.e st.ream W the proyid iLosoli.ds. J noculating,the
bi asol 1 o i P eEIRe birtpie e BUEY b Sni RS wintiely R B Rt Bl o ur e
of the bi oscalnigdseralcthe stoptung A4 lwdll beadhiosentay a deterdllyeoltinneus|siratsm ofisidificient porel east

one chem cal t i | i I I i 54.
The mothod oroiresR Bl Ra oz win R R (0uf al 0F wREFEEM ol ror e
pot assi um Sesolidsslumytdudag G compictiond@ocesher e t he degradation of the

bi osol i ds generat es ?Aﬂ&ﬁhﬁﬁh%&gluﬁéﬁéﬂdw@aﬂrnQNPm&\PBa?l!n %&Qﬂ?ﬂ{nﬁgar bon

di oxi de) sul fur dioxide, rogen sulfide and conbinations o

precedi #fy, ogsEeriRdbwthe hiodegsadating Hrenessh Such Baysreatascusratually hegpusatbe r at e of
the gener at egetkaik BT alpificd@vies af #4Fardlsd Wahl fhat dDHY RELRGAWhakdr AdOT

conmbi nation of the 20 preceding by performng an actjon selected fromthe
group consi sfemrigredends farisei thrguedithe Roseys msdium, displacing liquidfrom thapems® provi ded

bi osol i ds, inocul ati ngs tepRsdatsAPorélS ad petmeblelsBRE WhétB eTiReahEsolieéts bact eri a,
changi ng the tenperature of the biosqli changi the salinity of the

2 .as, In
bi osol i ds, aHtprERthe pPyard Bergion apd,pqre E%!Péj fisplacamert pepcess.; 49d framavhich s nat i on
of the g eceié fderall methafe (R bb exlrabibd for @b THYY) zoWd) 6B istadreraghRFiine 8Volwdded to

the biosolids |s got assium_ 25 57. A nethod for the di sposal of biosolids,
the method cBHARESpqaYse of# stble geplogiralstaigiyre, whigh cagy bgdn fhe derm of stryctyraly g o
slurry of ]E h@ostieastN f’bﬂ&ll Bads ﬁ\atbfoban &om&t&aagﬂi, AQshowh, &@h.gwih Iﬂfa famsw'g% agl) e
injection formatign at | east about . m bel ow a ground surface;

i nj ecting th‘é'a‘tﬁed’gb‘i‘”'?&?es'r%ﬂ"y’“i i pomfination;of theitwe, 9 & spmeiofisr sufale 10
Decenber 200dspdsitidt) of peinitabld gnd 16@-permeabiligG@tdta,0sol i ds slurry to degrade,
where the degradation of the bjosotids, generates as selected fromthe
group cdhsisting of cﬁfB’BF?s"(S‘fs rﬂ‘é",s°§ffbg‘l§r Wﬁﬁ?ﬁz‘?gqﬁm@ﬂéﬁ‘gul fide and

combi nat i onssuficieniie 1o REARELINE; that Fes dahndl B6W Pwird Ghrbilph thiedlofe spice! PAsoyaRer at ed
carbon di oxi de, sulfur dioxide, hydrogen 5 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 provided biosolids, inoculating
the biosolids with at (east one species of bacteria, changing the
tenperature of the biosolids, changing the salinity of the biosolids,
addi ng at | east one chemical to the biosolids and a conbination of the
precedi ng. 10 58. The method of claim57) where the suitable injection
formation is separated fromthe ground surface by one or nore sets of
alternating | ayers of high perneability and | ow perneability. 59. The

met hod of claim57) where the supply of biosolids is derived fromat |east
one source selected fromthe group consisting of nunicipal sewage waste)
waste water 15 treatnent waste, ani mal waste, non-human-non-ani mal

i ndustrial waste and a conbi nation of




the preceding. 60. The nmethod of claimS7) where the | ectl on é@r mat i on |s
from bet ween about 500 and about 3,00U neters belowt 693815’#‘?8 farx.

The net hod of claimb57, where the injection formation has a tenperature and
the 20 tenperature of the injection forkatiaa is greater that about 25C.

62. Tlte rnethad of m S7,. where the jnj ctlonfor nprises a
natural gas°Y®% Wﬁt’?céfﬁ‘ﬂﬁmé‘%é?c“é@ﬂt‘lfﬁfﬁ‘aﬂ% y F3ftured gojt at'I‘h ﬁ’é’f‘ﬁé’ﬂ“‘ﬁ’f claim
57, where t bgapend stedtd sihigher élgvatien) has a porosity greater than about 1 S %.

2S 64. The nethod of ,¢l ai m S8) where at one_ | abl ity |ayer of
the one or nore al tef‘ﬁ % é’F§‘°5°f°°ﬁYe§H°'B'L Bﬂ%&t‘% °I“lf\'19 and
per meabi | i tﬁoﬂ&ﬁﬁhﬁcbﬁﬁﬂatﬁh@iltd%ﬁ 6%he gEbwamtAsodimfeﬁAtanmﬁﬁbefofmedi&ﬁwnone or

nore of _altern | ayers of_. high r.reabi | it d l.ow per is at

| east °t ir ee® %ﬁ”g P’g%"' %f‘%ersﬁ?fq"ﬁ%‘gﬁ"é@gefi? W%icﬁﬁm@%r‘\‘?&ﬁtﬁ"%"? é‘h atl%

per meabi | i t gas BOAGE intd the wetitidne dDeendihgomih&éonfiguratidneot tieosrprn, the methareeat i ng
fractures mn t Q] i f injecting the biosolids
into the |nj ecflnlﬂ)(')‘n‘l;| ofxﬁa S'tb %m&?'d[%&‘% pﬁc 2 L3 67. The method of claim
57, further conpriS|A@nwmanspoatﬁqg&mms&mﬂmmngmmmmmsmnbdsmedwawmkmﬁection
site by pip e | i w8 8ed C

further corrglreﬁge%gdem?n%%yggurweg%ﬁazg’( d[Eiesxe I'nj e%n%ﬁin&%?%&{md%r@% a t| e
sel ect dd f r troonsugmerpriotipneass osindustgiabiseds déraatieer pugpeses.i ng t he bi osolids nto
the injection formation) during the injection of the bioso(ids into the
injection formation, after injecting the biosolids into the injection
formation and a conbilthaughfepresertténvpntion dahi hegn dig@ssed neconsiderabledietsfl withai m 58)

further cOMpel &0 mg&%&w eRb&RAMIE olnier @rﬁbddﬁ:ﬂs’ﬁ& af¥Possiti Sor argle ONE OF
nor e of alternatlng |ayérs after injectin og the biosolids into the injection

formati on. themptiod of the hreseabinvestiop pag; e applied tq the Hispostl 9f palids othey thascr easi ng t he

rate ofjsdegpshlis. qme@foré faﬁ: f%hﬂ@&&a&ﬂ&%@hla%@@m&amhéel ected from
the group consisti n?P ing at least tint waste streamwth the

provi ded bi 8eHREQE 0 fﬁ@EEﬂ%{l“?"H{j“"E‘ﬁé?‘"ﬁ?‘B@dPﬂH% ijflasHeat | east one speci es of
bacteria, changing the tenperature of the biosolids, changing the salinity
of the biosolids, adding at | east one chemcal to the bi osolids and a

conbi nati on of the preceding. 15 71. The nethod of claim 70, where the

chem cal added to the biosolids is potassium 72. The nethod of claim 57,
further conprising allow ng nethane to be generated by the degradation of
the injected biosolids and recovering nethane generated by the degradation
of the injected biosolids, after injecting the biosolids into the injection
formation. 73. The nmethod of claim 72, further conprising increasing the
rate of nmethane . . 20 generation by performng an action selected fromthe
group consisting of blending at Least one waste streamw th the provided

bi osol i ds, inoculating the biosolids with at | east one species of bacteria,
changing the tenperature of the biosolids, changing the saliniity of the

bi osol i ds, adding at |east one chem cal to the biosolids and a conbination
of the preceding. 74. The nethod of claim 73, where the chem cal added to
the biosotids is potassium 25 75. The nethod of claimb57, where the

chem cal added to the biosolids is potassium 7b. A nethod for the disposal
of biosolids, the method conprising: a) providing a supply of biosolids; b)
creating a slurry of the biosolids suitable for injecting; c) selecting an
injection formation that is separated fromthe ground surface by one or 30
nore sets of alternating |layers of high pernmeability and | ow perneability;
d) injecting the biosolids into the injection formation; e) allow ng the

i njected biosoiids to degrade; 10 Decenber 2002 24 f) nonitoring pressure
in at |least one |ayer of the one or nore of alternating |layers after
injecting the biosoiids into the injection formation.



77. The nethod of claim 76, where the supply of biosolids is derived from
at | east one source selected fromthe group consi sti i IXcembed 20008al sewage
waste, waste water 5 treatnent waste) ani nal waste, non-human-non-ani nal

i ndustrial waste and a conbi nation of the preceding. 78. The method of

claim 76, where the injection formation is at |east about 100 neters bel ow
the ground surface. 79. The nethod of claim 76, where the injection
formation is from between about 10 500 i&nd about 3,000 neters bel ow t he
ground surface. 80. The nethod of claim 76, where the injection formation
has a tenper W4TISGIAIMED Sarperat ure of the injection formation is greater
t hat about 25C. 81An-ﬁhﬁdmimmikp&faldﬂbakdniﬂs7@xc wdiied eorifiRingNj ecti on formation
conprises a naturalmv%x Rie) natgtlb?urs]ol}n a gas accunul ation zone. , 15 82. The
met hod of claim%’ her'e ?gny inj ecflon formati on has a porosity greater

t han about 1596. b)&@ittlﬂg‘rﬂeshwmdﬂdd bippolidy aiitrhle7lr injeiénge at | east one | ow

permeabid ity | aygle@hing hﬁnﬁ&r%n @Iru&ﬂ&h%méﬂrfsﬁ&%&dx&ggak ?&‘xﬁ&ﬁm(ﬁf pisgh
perneability and | ow perneabj | nprises shal e. . The rrethod of claim

76, where th’é“’d‘r‘f@“‘d‘rmPﬁ)‘FéF"ﬁPb“&F {‘érfﬁs‘i‘%@ﬂfe%%fa%f hi gh .- 20
perneability andd)hﬁjwuﬂgmmmlhs slufryi ifito 8ie idj@8ad fotdmtios api rs of al ternating

| ayers of high p bility. 85 The nethod of claim
76, fitrther co ralmsa‘?ré; gcctgﬂi“’;o?rac?ﬁ?ogg B ? hin the injection formation
before injecti nthﬁ@rmt@thﬂds' l| whese the énjdcrigocformagon & eqpanatefl fram tB6grodide net hod

of clai.pg 76)suff&€55}1&fco@%&rsbébfﬁcﬁxﬁtﬁigw&'i b lgh .schecasmly%&ﬁ.d,aehﬁédgﬁws to 25
an injection site by pi E ore ectl nlg, EE 0s0l jds, 87: The nethod of
claim76, furthet 'E‘Efrffﬁ"r"g ga"ﬂn‘nl‘" Bt M PRy & ‘ﬂ?"é‘dﬁ i depyed fepr aLlEsB#Ref or it i on
at a time sedoecd seldctéd foom thi grogy auisting nbmstidigasephgelyaho; @asicyaee treawgedthe

D1 050 €S 1 Nl fal msecmnormm;@smmmdyal Dikie'aF s ERGRLLLN R L Ne

bi osolids intot njection fornmation Injecting t e biosolids into
the injecti drfectdingrat i on and a conbi nation of the preceding. 30 88. The

rr]?t hﬁd gs_‘ cl ai mazgrucf.ﬁ&mhercmmpm&é miusc@&fn%ﬁl 'aﬂ‘gl i]% h@m'b?tﬁ/@crpafbo@%gé adat i on
of the Dbloso(lds ertor an acgti pon sel ecte romtnhe group consisting
of bl endi ng ‘él?gh”é‘a’g@&ﬁgfwglé’t"g“°s%’?‘%‘gﬁf’§%ﬁ-h di e provided biosolids,

i nocul ati ng the Hi Osoteidd ofldil 1avhdrets injeotim fornfh@onDes erinperad@Cdd o speci es

of bact eria)m&eﬂgémct ecut,@fmﬁ{ﬁawgeaetmmeomwlIds) changi ng the
salinity of the biosolids) ding at | east one chemcal to the biosolids

and a conbi nati 0‘1"1 W‘%ﬁ%“ﬁ?%’édr WErre B9 inieptins fapwtshabt PAPAY #1BBY thither e t he
chem capp addgelx ozt he biosolids is potassium 90. The net hod of claim 76)

further conprisi al | hape t9 ner at ed.b de radatl on of
the injected bi Jggpfcdlééah 9“’3? &Y cr%"ﬁ‘gﬁe pﬁ'é’?%b“é\‘d‘d“b Herfae fegradat i on
of the injechadalisiretngllayds pf Bigh eqmcah]lle’@mlwgl fehmeabilig Sompradss shale.o t he | nj ection
formation. 91. Toenpefdnd op&alﬁlzawar@m o;tcturm%off;f?mmgimsa reasi ng the

rate of methane generation by performng an action seflecte fom dte group
consi sting ofersElaliy pifgoy pearediitty s aeloabicepyts vbdisrmplineHayeriof iebvi ded

bi osol i gs, ﬂlﬁf&ﬂx@t&hﬁlﬂo&?&n@iﬂaﬁw ids with at | east- one LO species of
bacteria, changi Jule t he tnge% ature of the. bioso(ids, chang %Ht he salinity

of the biosolids? RfJHHY ing o furthicr SORfISIRE CRAUTB SREES W BF IRicighg a
conbi nati on tm‘mand‘nemmaﬁpdinglgm bdgalidsTin® toshjbaidn Gimdaloai m 91, V\,her e the

chem cal added tg)au e bl llfﬁf Héﬂass&thu%%om%mec sn@(gm s%]‘l | ai m 76,

where tire degra £ el S o gen as se ecte ?romthe

Q
on o? |oso
group consi saniimegtio sitc by mmcmremcerelg tebidkselids.di oxi de, hydr ogen sul fide and 15
combi nagg ons  of Iﬁenﬁhéﬁﬁﬁbﬂﬂmnﬂﬂﬂnmp rﬁn&@?nﬂﬁ&hﬁQWEHhEhﬁic&%Eﬂﬁ'Ses
decreasing the rate o ener at ed carbon’ di oxi fiitr dioxide

hydr ogen sul it aE’dﬁfﬁ‘ﬁ‘iﬁ‘?ﬁB‘ﬁ thsfarqup EOT5FEE A Pateye Byechnsrthohioselids it act i on
selected fromthe group consisting of blending at | east one waste stream

wi th the provided biosolids, inoculating the biosolids wwth at | east one
speci es of bacteria, changing the tenperature of the biosolids, changing
the salinity of the biosolids, 20 adding at |east one chem cal to the

bi osol i ds and a conbi nati on of the preceding. 94. The nethod of claim 93,
where the chem cal added to the biosalids is potassium 95. A nethod for

t he di sposal of biosolids, the nethod conprising: a) providing a supply of
bi osolids; b) creating a slurry of the biosolids suitable for injecting; 25
c) selecting an injection formati on separated fromthe ground surface by
one oc nore sets of alternating |ayers of high perneability and | ow
pernmeability; . d) injecting the biasolids into the injection formation;
and e) allowing the injected biosolids to degrade, where the degradati on of
t he bi osolids generates a gas selected fromthe group consisting of carbon
dioxide sulfur d|0X|de 30 hydrogen sulflde and conblnatlons of the

r o . T 1



10 Decenber 2002 26 consisting of blending at | east one-waste streaiit with
t he provided biosolids) inoculating the biosolids w tHOdeckmdet2002e speci es
of bacteria, changing the tenperature of the biosolids) changing the
salinity of the biasolids) adding at Least one chem cal to the biosolids
and a conbination of the preceding. ' 5 96. The nethod of claim 95, where
the supply of biosolids is derived fromat |east one source selected from
t he group consisting of munici pal sevvagé7 wast e) waste water treatnent
wast e, ani mal -don- n ui nd a C rrbl nation
of the pr eceéh V%&ch\f HHOFE%J]#%t l% mc% st mt@'mc“‘ﬁéchl n E B For mat i on
is at | east &bestng heaOospldls isg by gjﬂb@ndwmh@agﬁem@um@d@ Pr%dmgThe met hod of

cl ai m 95) wher e i{BC Thdn@ddio®MaitOL, m&k%dsﬁsﬁgr&mtwgvxﬁ&au@nwre&@% and about
3,000 neters bel ow t he %Hound surface of claim95, where

the injecti offYfEf RELTEH 95 3R T LRSS Qﬁ&‘“‘?ﬁlﬁ biqspligls fnuq B iisstiont he

i njection fofermidoan i s greater that about 25C. |5 L0O0. The nethod of claim

95, where the injec r n . n . Lo ltdo in a
gas accunul ation gotr[#éé)‘ni%g ow&'&fﬁ matﬁ éﬁﬁﬁ?gq ‘? LFT%S% aqéav\ifd %5 e nj ection
for mat i on hade&ioplifiohy| netformingpp agtiogt mwatﬁremtﬂ‘%% comssging offblending Mdastof cl ai m

95, where at cheOmsit AR dlm\tﬁe@e&mbﬁbidnasy ino@¥fihg Ak bloRBdOPNEn Nleadt GndrOr €
nd_ | ow perneability conprises

alternating | ayers_ of hi ermeabi | i
shal e. 103. TfESREPIcEER: d‘g“‘é “E%W“W%?fg‘”t%dﬂﬁéhﬁﬁmﬁm‘éalﬁ? ty 3f ¥er nat i ng
| ayers ab hi giasofids( mmblal lbztstyonanld:nimWamerbimatds hrdtaycotnBingtion oE®E pretddinge pai rs of
alternating |ayer mo D dded e Jii 1(;)14 The
éz% :; P&LH% \oheled &Qﬁléﬁ d#l E(?S‘BL 1d}.¥P%ms i o

met hod of claim npri sing crea ures w
i nj ection fornat |1§)nT‘EYéM§‘}°é OF‘HT‘Edt F‘ﬁffgeftch'epfﬂfiﬂ@%?‘vle&smﬂh’é‘e‘Otmcvqw}t@'dm on

folr nat i gnb 1the dcggdgﬁmﬂﬁﬂﬂﬂ!ijc_&f:d ﬁbs%ltdﬂaﬂ@rcctfﬁdfuﬂghﬁd’thaﬁ@%ﬁérh@d BiPthd &@&%E&Iﬁt' ng the
sel ect ed bi ospl i t .injection Re efore injecting the
bi osol i ds. 18 °"1*ﬁ°é°d3’é ﬂgﬁ '@fé‘f‘?’rﬁ’@gl"sq?xsr@'ﬁ i ‘%’fﬁ%‘?? “oni tori ng
pressurdsin the ilf] 'Hmtmcumdbmzmatlﬁdnrtmc@nmtmtmhmmﬂ&nmm group

consi sting of, enprggogrbﬁ g&ﬁinﬁﬁ 5;[‘&;.&&?1& (gélxlngﬁ h@E&stﬁ@g%Pﬂc&dﬂ%%&&spn

formation, d 4\ t1on 050|d5|n ection
f ormati on, aP'!Cé’f“W fjeam with ge prowidegd B@S@llqsdgoquht"eﬂ ‘f‘ﬁ@“ﬁ"h‘}‘éﬂﬂ’l“bhﬂ# #fmat i on and a

conmbi naci on gfecits hﬁbﬁfcﬂﬁ delnﬂlgg the tc]:@craﬂﬁaﬁﬁbe Ibiogdiids] changizg A ZahmT}hﬁ diet hod of

Che one or  nBPy SR al Fdtin SRRl 0P LOBeRREP - Gor e RERHRBPr e i o
the injeotion fothalheomethod afd8m lﬁ"hehcmstilmnml a@dcarqmﬁﬁosotmrli prggssioonpr i si ng
increasing the raj emfm.%%@&ﬁmowhéc @t déglﬂﬂa&h‘a?@l: bﬁ&ln@geﬂ&i&ﬁr giing an

action selected fromthe group. consisting endi n east one waste

streamwith f%‘%?‘%ﬂ‘dé@“b?%‘%‘ﬁl“ﬁ GE“rWHSEﬁF%f‘flﬁ‘@d‘f’ﬁ%‘: gﬁi&%ﬂ"f‘?‘ﬂg‘i‘vﬁ“? h at |east
one speci es &fmbba@dneaﬂzae)precbammgwﬁcmm RERRfakhier @nplisds decrdabigeat rads

changi ng t he | i of the ddi n Iea one em cal to the
bi osg: i gs anats‘g ‘:r?ﬁ%ldrféfbmbﬂmff lﬁ@ é)?’%'{:e g’(dﬁ‘;gfcgfugtgc ‘“r“ri%‘ é’gu‘ﬁf cl ai m 108,
Wn;a[] edt hz;a clhememgrg bﬁfﬂ@ﬁ;@g}an&h@nbﬂmlﬁoz&ﬁq gio@&opo?ggd bltgdmg n%fléhﬁ .ond h;a i b

MEL hod of - Cl glLdfs il i%w&‘agl%%dlﬁ& zngwé%%sd’iﬁ it 1428 ot é@ﬁ&era €d by

t he degradation o e injecto 1 0SO recoverin ne gener at ed
by the degr abiwtiionhagiog e tempgratere efithp bigwlids. dynsing fevalinily] et deibingolidhe bi osol i ds

(N0 the | nj Gl HedsfBindit awhmaomsmeammmomug@eomg 10) further
conprising increasing e rate q ration erformng an
action selected ft o'ﬁ'?‘:t"llf’é“"@f’f)%“‘éé %‘}"5%‘1‘%@“’8‘9‘8&@% 'ﬂ‘gb'%‘PP%ég%"tWﬁ‘H’é wast e
stream viot h t he po.oXindedd fvr 08 dispadd of bivwolids| &t magod deenphisigsol i ds with at | east
one speci es of bac e tenperature of the biosolids,

changi ng t he sal ﬁﬁr?&dlﬁasgwwgbgbg%{d%]ds addi ng at | east one chzati cal to

t he biosotids and)qcaammﬂlmartqfdn bmoltﬂh@“@#@e@d}:ﬁgg 11~. The tnxtltod of
claim 111, where the chem cal added to the 6iosoiids is 20 potassium 1l 3.

The nedtod of claim95, where the chem cal added to the biosolids is
potassium .A(fY.Af;S. A @.Af,| .AS .AS . AG
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the m]ccuon formation, during the mjecuon of the biosolids into the injection formation, after

injecting the biosolids iato the injection formation and a combination of the preceding.
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109 () 1225@i§%?€'9:g1b1£ 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.
33. The method of claim 32, where the chemical added to the biosalids is patassium.
0 34. The method of claim 20, further comprising allowing methane to be generated by
the degradation of the injected biosolids and recovering methane gcncratefi by the degradation
of the injected biosolids, after injecting the biosolids into the injection formation.
35. The method of claim 34, further comprising increasing the rate of methane
‘ generation by performing an action selected from the group consisting of blending at least
15 one waste stream with the provided biosolids, inoculating the biosolids with at least one
species of bactcria, changing the temperature of the biosolids, changing the saliniti' of the
biosolids, adding at least one chemical to the biosolids and a cambination of the preceding.
36. The method of claim 35, where the chemical added fo 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 carban dioxide, sulfur dioxide, hydrogen sulfide and
combinatioas 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 sclected 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 slurry of the biosolids suitable for injecting;
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after injecting the biosolids into the injection formation.

40. The method (;f claim 39, where the supply of biasolids is derived from at least
one saurce selected from the group consisting of municipal sewage waste, waste water

10 treatment waste, animal waste, non-human-non-animal industrial waste and a combination of
the preceding.

41. The method of claim 39, where the injection formation is from between 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 one or
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 selected 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 biosalids 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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10% & ()3 @ [bfoselids, @ddi paq ghpmical ta the biosolids and a combination of the preceding.
51. The method of claim 50, where the chemical added to the biosalids is potassium.
52. The method of claim 39, further comprising allowing methane to be generated by
the degradation of the injected biosolids and recavering 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 biosolids, inoculating the biasolids 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 a2 combination of the preceding.
15 54. The method of claim S3, where the chemical added to the biosolids is potassium.
55. The method of claim 39, where the degradation of the bio.solids generates 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 stceam with the provided biasolids, inoculating the biosolids with at least one species of
bacteria, changing the temperature of the biasolids, 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 535, where_thc 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;
c) selecting a suitable injection 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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consisting of blending at least one waste stceam with the pravided biosolids, inoculating the
biosolids with at [east one species of bacteria, changing the temperature of the biosolids,
changing the salinity of the biosolids, adding at least one chemical ta 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 surface by one or more sets of alternating 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 treatrnent 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 fram between about
500 and about 3,000 meters below the ground surface.
61. The methad of claim 57, where the injection formation has a temperature and the

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

62. The method of claim 57, where the injection formation comprises a natural gas
formation in 2 gas accumulation zoae.

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, whece thé one or mare 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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the mjcctlon formation, during the mjcctwn ot' thc biosolids 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 into the injection
formation.

10 70. The method of claim 57, further comprising increasing the rate of degradation of
the biosalids by performing an action selected from the group consisting of blending a¢ least
one waste stream with the provided biosolids, inoculating the biosolids with at least one
species of bacteria, changing the temperature of the bioselids, 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 potassium.

72. The method of claim 57, fucther cqmptising allowing methane to be géncratcd 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.

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 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 biasolids and a combination of the preceding.

74. The methad 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) providiag 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 formatioq;

<) allowing the injected biosolids to degrade;
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5 treatinent waste, animal waste, non-human-non-animal industrial waste and a combination of
the [;rccoding.

78. The method ef claim 76, where the injection formation is at least about 100
meters below the ground surface.

79. The method of claim 76, where the injection formation is from between about

10 500 and about 3,000 reters below the ground surface.

80. The mcthod of claim 76, where the injection formation has a tcmpcraturc and the
tempecature of the mjcctlon formation is greater that about 25°C,

81. The methad of claim 76, where the injection foamation comprises a natural gas
formation in a gas accumulation zoae. .

15 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 alternating 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

- 20 permeability and tow pcrﬁlcabﬂity 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 farmation before injecting the biosalids into the injection formation.

86. The method of claim 76, further comprising transporting the selected biosolids to

25 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.

30 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 pravided biosolids, inoculating the biosolids with at least ane
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91. The method of claim 90, further comprising increasing the rate of methane
generatioa by performing an action selected from the group coasisting 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 pr_ccéding.
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 methad further comprises decreasing the rate
of the generated carboua dioxide, sulfir dioxide, hydrogen sulfide or combination of the
. preceding by pecforming an action selected from the group consisting of blending at least one
waste stream with the provided biosolids, inoculating the biosalids with at least onc species of
bacteria, changing the temperature of the biosolids, changing the salinity of the biosolids,
20 adding at least one chemical to the biosalids and a combination of the preceding.
94. The method of claim 93, where the chemical added to the biasolids is potassium.
95. A method for the disposal of biosolids, the method comprising:
a) providing a supply of biosolids;
b) creating a sturry of the biosolids suitable for injecting;
25 c) selecting an injection formation separated from the ground surface by one ar more
sets of alternating layers of high permeability and low permeability;
d) injccting the biosolids iato the injection farmation; and
e) allowing the injected biosolids to degrade, where the degradation of the biosolids
generates 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 cornbination of the preceding by performing an action selected from the group
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33109 () - 98. The method of claim 95, where thc'injcction forration 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 formatioa is greater that about 25°C.
15 100. The method of claim 95, where the injection formation comprises a natucal gas
formation in a gas accumulation zone. .

101. The method of claim 95, where the injection formation has a porosity greater
than about 15%.

iO?.. The method of claim 95, where at least one low permeability layer of the one or

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

103. The methad of claim 95, where the one or moare of alternating layers of high
permeability 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 methad of claim 95, further comprising monitoring pressure in the injection
formation at a time selected from the group consisting of before injecting the biosolids into

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

injecting the biasolids into the injection formation and a combination of the preceding.
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10 potassium.
110. The method of claim 95, further comprising allowing methane to be generated
by the degradation of the injected biosolids and recovering methane generated by the
degradation of the injected biosalids, after injecting the biosolids iato the injection formation.
111. The method of claim 110, fucther comprising increasing the rate of methane
15 gencration by performing an action selected from the graup coasisting of blending at least
one waste stream with the provided biosolids, inaculating the biosolids with at lca;t one
species of bacteria, changing the tempecature of the biosolids, changing the salinity of the
bioéolids, 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 potassium,
113. The method of claim 95, where the chemical added to the biosolids is

potassium.



