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conprising injecting the biosolids (A3) into a subsurface injection
formati on (A4). The nethod can include recovering nethane generated from
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{54) Title: METHOD FOR BIOSOLID DISPOSAL AND METHANE GENERATION
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(57) Abstract: A method for the disposal of biosolids (A3), such as municipal sewage waste, comprising injecting the biosolids
{A3) into a subsurface injection formation (A4). The method can include recoveting methane geperated from the degradation of the




26 January 2006 WO 03/011398 PCT/ US01/ 30969 1 METHOD Eﬁ@ﬂ&f@gﬂ%@ DI SPOSAL
AND- METHANE GENERATI ON CROSS- REFERENCE TO RELATED APP
application clains priority fromUnited States patent application
09/917,417 titled "Nethod For Biosolid D sposal And Met hane Generation,”
filed July 27 2\ 6 b & ' g H ”Mmorporated
her ei r—b A bFredf I — BACKGROUND— Oyve on tons of
bIOSO|IdS fron1nun|C|paI sewage sludge are generated each year in the .
- Uni t edor Svateegdeadndmer. abiwaioprgvalit 'omg et hods for the di sposal of biosolids
bi osoP’i"ﬁ‘?’eﬁ"h@dﬁaﬁA&bﬁ‘éﬂ“ gf Progngeite et t he bi osolids to surface |and
appl i E%Y Bh=NEN AL 6 %¥0p 1 and, range | and or forests, conposting and
| andfill disposal. Each of these nethods is associated w th di sadvant ages.
For exanpl e, one di sadvantage of the application of biosolids to surface
lands is the resistance of persons living in the area of the application
because of concerns about nuisances such as odor and w nd-bl own dust from
the site of application. Biosolids application to surface |and and
landfills also creates risks for contam nation of potable surface water
-and groundwat er. Further di sadvantageously, weather conditions can del ay
the application of biosolids to surface | and, and trucking biosolids to
the application site creates pollution and nuisances. Additionally, the
capacity for the disposal of biosolids by application to surface |ands and
landfills is limted and the associated costs are generally high. Al so,
greenhouse gasses, such as nethane and carbon di oxi de, are generated by
t he deconposition of the biosolids and these gases are released into the-
at nosphere at the sites of surface land application and nost |andfills.
Therefore, there is a need for an additional nethod for the disposal of
bi osolids that provides less risk for environnental contam nation.
Additionally, there.is a need for a additional nethod for the disposal of
biosolids that is | ess expensive. Further, there is a need for an
additional nethod for the disposal of biosolids that does not permt the
rel ease of carbon dioxide and ot her green house gases into the atnnsphere
Also, there is a




need for an additional method for the disposal of bi 098l Jaflgarl, Babs can
produce usabl e byproducts from biosolids. 26 January 2006 2 ~SUMVARY A
first aspect of the invention provides a nethod for the disposal of

bi osol i %Ospot[ﬂgggret hod conprising: a) providing a suppbd@orBiegsol i ds; b)
creating a urry of the biosolids suitable for injecting; c) selectlng an
injection formation that is separated from a ground surface by one or nore
pairs of alternating layers of hi gh perneability and |ow perneability; d)
injecting the biosolids slurry into the injection formation: e) allow ng
the inj edMETHOLEGR BEOSOLID, HPQ%AMWGWMH% pressure in
the one or nore than one of the alternating |layers of high perneability
and | ow perneability above the injection formation during a tine selected
fromthe group cOROSStREBERENQE DORRLAFED APPLICAGIONon, during biosolids
Injection, after. biosolids  injection and a conblnatlon of before biosolids
i njection, durilhi applisatinny drims Hf"é‘é‘ﬁ’lf’éﬂ‘f‘ Hnitedates PASLRPIFHODN| nj ection. A
S.GCOW?b zﬁ%tmfé& M%ﬁng& RYEBlokdHa lﬁ’iél%‘%l%ﬁl el tRfelafbn, b *Pﬂ‘ed%@%sa' of

bi oso conprising:” a) providing a supp i'0oSolids; b)
—-cr eat20®g, mesbmemyofcéach offvehitti axe hbriebi inserpbmiet dedein by nefeemce igtheic) sel ecting an
injection formation bel ow a ground surface conprising a natural - gas

f or meHEYi n a gas accunul ati on zone; injecting the biosolids slurry
into the injection formtion g Cqﬁ @ggwe sufficient to create and
maintain fractures within the select I njection formation; and e)

al'l owi ng degr a@aes Wrmilifont thus ofrbjlcmohcbcfronbmumoﬂpalckswsgelﬂudgcamgemratdd aspect of

thelnventlon vides a nethqod for ., the oli t he met hod
conpr§Eh ¥ iy gwg‘?tﬁﬁaxﬁn‘%u R}’e@flmtgl"b"g'?ﬂ%?g‘gad‘%‘?lsﬂ?rsaé’?ﬁ g Sslurry of

the bligeahd ﬁléiu&élﬂhé ﬁéﬂh@atfoﬂrof'tﬂylﬁ&bh&% srfacé %ﬁ@f) HRHiGH) sﬁdﬂJa@% kep formation
bel ow a ground urtace; I njecting the |050|dssurry|ntothe

i nj eclandy rrarfgerlmdtqr doresit, campostisg endelagdfiilf dispogaht Eathoofahesamethadslisnai nt ai n
fractures egl 'gb&] the selected injection formation; e) allow ng degradation
of t PSSR NIBAIBAANOREFYs sl urry, thereby generating a gas sel ected from
~the group Conﬁblséx'aﬁﬁle bncChsaRPMARE %Fﬂlgﬁpplﬁhﬁcfnlﬂf bibseMdsd6 surfiéellagen sul fide
and combi nations of the precedi ng; and decreasing the rate of the
~ generiathedesistarze nf phrs;ms teing inithe area@f&neuagy;catmﬁumxg@nf enpcdrngiabovt  conbi nati on
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- bi 0solghBgation to surface land and landfills also creates risks for contamination of potable surface

water and groundwater.
Further disadvantageously, weather conditions can delay the application of
“ biosolids to surface land, and trucking biosolids to fhe application site creates pollution and
- nuisances. Additionally, the capacity for the disposal of biosolids by application to surface
lands and landfills is limited and the associated costs are generally high. Also, greenhouse
gasses, such as methane and carbon dioxide, are generated by the decomposition of the
" 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
‘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.




inoculating the biosolids with at | east one species ofz@ggﬁﬁﬁ%ggmyhanging
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. 26 January 2006 2a According to one enbodi nent of the present
invention, there may be providedZa nethod for the disposal of biosolids.
The nmet hod can conprise, first, providing a supply of biosolids. Then, a
slurry of the biosolids suitaSUMNARY njecting can be created and an
injection formation bel gw a grqund surface may be sel ected. Next, the

bi osol i ds sl urf {irst aspRctsd theipesatigripriopides 3 methpd fosdhs gsposdokat i on at a

' | C : ' i, fr . Wi thi h | d
Py apieBas Bl o2k B ko Rt TRl tstices FREL SR ik ™ 21 owed

i njec or ma i 0S allowed to
degréBiosdlids suiRbRIfS ibRSIRITBP an ihfeBtcHBRhMioRthRiQspdrhe$ fremn be derived
fromat |east one source selected fromthe group consisting of nunicipal

s ewaggovmisutfaceysine onetoes pairs paltemeting leyets of high iprmbeabiist and low

non- human-: non- ani mal i dusiri | waste and a gﬁgblnati t he preceding.

: f
I n ERFBHITE QR {Hsag hehioalidReshy pipghs Hysstien Fmﬁ@w%}ﬁpe be at | east
aboUhicottBioliifas E@ﬁ? & %&d&?@@éﬁ%ﬁrﬁg&g& 8 oA hGY i ok PTET el 1 ed

enbodi nent, t ecti®on t1on rom ween about 500 and

abouf tia: Mefhatily Byas bEigh\pdrhratghigund ltpdraesbility Absverhehpicigd enbodi nent, the
injection formation may have a tenperature and the tenperature of the
i nj dormiadien during (e seeateddtony theraip cohsistingle befordbigolidvingadaher preferred

enbodi.nent , .the.injection formtian have a porosity.greater than about

15%dd"‘f']ﬂg Elob(g}dls imé‘fﬂt‘JBP’l a@ter %P#QF }ﬂé‘?‘fﬁ%g% I}a“PR 8£ Pq{%)rgﬁq%gl}pasf ormation can

be (Yo O : f -y or nore pairs of alternating

Iaygﬁgag?”ﬁgg%bg%?%%ﬁ@?ﬁ?ﬁGQg%g&?%ﬁﬁ%%%ﬁggﬁrTity. In a preferred

enbodi ment, t heseteidusgedt of the Giveniton Fovipds aStethi®dol theidi@osapoessure in the one

or nore than one of the alternating |ayers of high perneability and | ow

per reiesplids, thy meghodeompasing;a pravising ovpplyiod hiodelidsnty cseatinge slvayeft ed fromthe
1.Sti.n osol i ds. i tion uri bi.osol i ds

gro con of. before bj nj n
i nj 3@‘%_?‘8???“1%’?“&%@6 57t g ings o) Sﬁ‘e {218 3B S HPPOThAh PRSTAOBE bot or & bi osol | ds
| 1] SEHRRTomBHihdHnRLAPSIS!Bi%dih £ LARAMAh b UPARlfPmeL N ectl on. In a
preferred egbo i ment, %% eagt oneé om1perné%b??$t§§$%ye gf t he one or
nmor éiosalidsesfuratihtoghd ajeetion fokmiticalat p presmpdédffidigntancrehtovnd@aimaabi | ity can
conprise shale. In a _ particularly preferred enbodi ment, the one or nore
pai rEackres avithizy the seleried injpetion formatioghandise pieseing Hegrgdationiof thovinirstedeabi | i ty may
be at Iﬁ@si three pairs of alternating |ayers of high
iosolidsslurry.
| _ A third aspect of the invention provides 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 below a ground

surface; d) injecting the biosolids slurry into the injection formation at a pressure sufficient

to create and maintain fractures within the selected injection formation; e) allowing

degradation of the injected biosolids shury, thereby generating a gas selected from the

group consisting of carbon dioxide, sulfur dioxide, 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

gréup 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 arid a combination of the preceding.




permeability and low perneability. In a preferred embogi grns Pg I nj ection
formation can conprise a natural gas formation in a gas accamilati on zone.
I n another preferred enbodi ment, the degeneration of, the biosolids can
generate a gas selected fromthe group consisting of carbon dioxide, sulfur
di oxi de, hydrogen sul fide and conBanations of the preceding. In a
particularly preferred 26 January 2006 WO 03/011398 PCT/ US01/ 30969 3
~enbodi ment, the method further may conprise decreasing the rate of the
generated carbon dioxide, sulfur digxide, drogen sulfide or conbi nation
B et ‘gtan‘r :

of the precedi HrFopRAngep OBE FPRsImENt of theips HFORA We group
conS|st d t ed .

bi osé’l“? Iﬂetg ﬁ {h%%lsghsall §fﬁ§é% ?5% ?m% eas Stgrﬁﬁelrsdsqgrgg{ es agf bacteri a,
changj ofﬁl@soﬂlﬁm%ﬁltatﬂhﬂryﬂcff tﬁé’lﬁoé@ﬂhﬂ§§iﬁﬂaﬂl& foﬁhﬁ&@igﬂgnbh@re&lﬁﬂ ed ty of the

bi osoli adding at teast one chemcal to the biosolids and a conbination -
of t haupgecmoadwmgtlom helaw prezduad iserdace minydierseleeted. ¥Rxt, ﬁhﬁtmwhfiﬁaﬁlﬂfmrt her

conpri se creatlngfract within the i i an_before

i nj eceR h@mr%e Bntg 4k lpﬁﬁuqqﬁﬂnﬁt’r?é af %P@WM‘W‘H&E ?rB‘He AGmaidh her preferred
enbo CORgR | ect ed

bi os g:fac to&gﬁthlgg% gé(??d ﬁ'ﬁe @tsrcltrffé}rggcfon. ﬂ%%éét?ﬂ?gﬁl%g&r%g&bﬁsol ids. In a
par t iagbivad foydepragé.erred enbodi ment, the met hod can further conprise

nonitoring pressure in the inj ection formation at a time selected from the
group consi st i b preferred embodimens.cthe sippiynef tipsolids gan de derived fiom atigagict i on

for ' Ut i, e t jection

for @%llé g(ﬂ.t;rce é‘l'r;'lg |ﬁt P‘e%l% 2#108‘8 Ec{,!lrgﬁn@é 812%?1}1@@8?5%@%%%& ﬁf‘&‘b\%ﬂgﬁ formation and
a ConRatasht ﬂﬁht@fanﬁﬁaewaﬂeqmihaman-hrn gnimalEhaistirRd wash asll H&nbinatibofret hod can
further conprise increasing the rate of  degradation of the bi osol i ds by

-per f Sremresgding Ila@tqﬂ@hp@@néér@@dfm%@%egwaéma%w berfyleat abB endi ng at

| eas treamvmth he rvded bi ing the

bi osgpfﬁﬂgw{ﬁnf v ffgr Py %cﬁeﬁis? ecllmgs A eé)énr%%oéigﬁen t}Qe%%ét%bhe t enper at ur e
of thGnhiigsely &Sfmn%@@asnragmk b0 arﬁ%BédﬂBbMO pktetsRIR tﬁ@@lommmdl ng at | east
one chem cal to the biosolids and a conbination of fthe preceding. In

anot her preferwamnﬁéﬁ@entt%@%@ﬁfeﬁma“%@éﬂh%vﬁaf%elﬁﬁuﬁs"’éﬂ| ds can be -
pota articul arI ef err may further
conp eée@pﬁﬁhwafﬁlgemjﬁ%qoﬁg beg%?? [Tg) Iﬂﬁiegrapda ion of the

i nj e&hﬁd&uﬁén@%'ﬂu@&roﬁﬂﬁmﬁtﬁﬁ%%%%ﬂﬁﬁkﬂaﬁ-&teﬂﬂﬂ%ﬁ&&;?S%.tma RBogiegr adation of .
the injected biosolids, after injecting the biosolids into the injection
f or npdefenad erhbmqunarﬁeluqeduan foymapioe tar eaepaeatdadichinnthe prouddrerfazcatbye of ormet hane

generation
more pairs of altemating layers of high permeability and low permeability.

In a preferred embodiment, the method further may comprise monitoring

pressure in the one or more than one of the alternating layers of high permeability and low
permeability above the injection formation during a time selected from the group consisting

of before biosolids injection, during biosolids injection, after biosolids injection anda -
combination of before biosolids injection, during biosolids injection and after biosolids
injection. In a preferred embodiment, at least one low permeability layer of the one or more
alternating layers of high permeability and low permeability can comprise shale. In a
particularly preferred embodiment, the one or more pairs of alternating layers of high
permeability and low permeability may be at least three pairs of alternating layers of high
permeability and low permeability. '
In a preferred embodiment, the injection formation can comprise a natural gas
formation in a gas accumulation zone. In another preferred embodiment, the degeneration of
the biosolids can generate a gas selected from the group consisting of carbon dioxide, sulfur

dioxide, hydrogen sulfide and combinations of the preceding. In a particularly preferred




can be increased by perform ng an action sel ected frogbyaﬁug,g%%consi sting
of blending at | east one waste streamwth the provide I 050l 1 ds,

i nocul ating the biosolids with at | east one species of bacteria, changing
the tenperature of the biosolids, changing the salinity of the biosolids,
addi ng WO 0B/8H898 one chemical to the biosolids and a cRemUaBIGh of the
preceding. In another preferred enbodi nent, the chem cal added to the

bi osolids is potassium In a prefeyred enbodi ment, the degradation of the
bi osolids can generate a gas selected fromthe group consisting of carbon
di oxi . Eebe] r ] ' ﬁqﬁg)é ' t he
precgg‘?ﬁg@%ng{e\ﬁ%ﬁt eer% ﬁglg nae?é{nfﬁ%s?%etrﬁ@%(t)enprl seeﬂgligigfag%g%g the rate 26
Januatioxid2) figfuv\@iodRle Dhyid§fen RaTi¢ BOhBOBEON 4f the prdcedinpbye pafoenhingaanbon di oxi de,

| fur . di id h [f.id nmbi. nat i f th di b
ot S AT R B S8R St P R B3R Sk b R TS o
| easg)lnlsvgged Vlay&tﬁﬁﬁgf ﬁ{oaﬂa;mg%é Biotdhas R Yi Bad ol §38tkd Sfbactkehs Cthdlind'g the

bi os east one specles of bactéria, changing the tenperature
of t hiee temparaturedsS, the biasulids,charpingsthe satinity obihe biosolisis paddinigd Jeastamdi ng at | east

one chem cal .tq.t bi gsol i ds and conbi.nati on of the preceding. In
anot [f8Fm ggﬂg%:cgﬁl?c@rmgaic%ﬁp?tlmaﬂaqgﬁqeggg. can be addeg to thegbj osol i ds
IS potassium | ; ' 0f es| NVention,

t here can be gﬁgggﬁgﬂé@%nﬁoge%ﬁggg%ﬁh%mgg@%ggpngg;&gﬁggﬁ%s. The net hod
may odatipr ths jectipn furmatioroheifate ingecting thepigsolids inftoithsipjecten fomhation. dnsl urry of
the biosolids suitahle r injecti can be.created apd an .injection

F or e PRI BRRR L e A UE st AP PORE DegRBURY cur f ace by
ONne Pfoshifth fo Q?il{llﬁee)%%i&f sitedyt _ﬁél%?dr@%jéclﬁﬁgﬁé lﬁﬁsbfi%sg MnRgafRARHY praferddad | ow

permeability. , thebiosolids slurry can be injected into the
I nj eembamiimdng theahdtiond cam fhrthérlcompribe roni@inppessurclindir, injpeties mpatianrat $ he one or

nore than one. of the alternpati ayer.s .of high r.reabil ity and | ow |
per b PG e Biot TGRS PRIoR e e SO G R BIEEAPL | ng a ¢ e
sel eﬁ uér[,%mmg&e%jwﬁn%?ﬁﬁ!w&sbm ifth thehRtdon RHARRN Serigk@mgioRn, during
bi osolids I'njection,” after biosolids injection and a conbination of before
bi os bidsells imtp éwetinjectjondomaatign bids cdmbdsationjoé tieippecedingl af t er bi osol i ds
injection. In a preferred enbodi nent, t supply. of biosglids can be
derived from %alpﬁ%?de%?@%ﬂ@éﬂeg@ﬂﬁﬂhfg@ef HECTHEBE P &R sting of
muni. Gk Badatis s YPGE BRI by WeFb@iNPditictioh sQ&MRém 1R Tréup ARLiSEIg oFast e,
non-(kallB r%‘flﬁon-aniblrerﬁijll?l iné stri e{I vvasctlg and a courlrbi nat ipon olf gt he precedi ng.
| n ablehding atleast ene veakteestipan iwithrthe prohided bjosuids dinodutating thedrosolids with at | east
o Banone Res o raeie ety bty oPub BokEe) Gahdinf ' o7 " o

salinity of the biosolids, adding at least one chemical to the biosolids and a combination of

the preceding. In another preferred embodiment, the chemical added to the biosolids can be

potassium. In a particularly preferred embodiment, the method may further comprise allowing
methane 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. In a particularly preferred embodiment, the rate of methane generation
can be increased 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.
In another preferred embodiment, the chemical added to the biosolids is potassium.

| In a preferred embodiment, the degradation of the biesolids can generaie a gas
selected from the group consisting of carbon dioxide, sulfur dioxide, hydrogen sulfide and

~ combinations of the preceding, and where the method may further comprise decreasing the rate




may be from between about 500 and about 3,000 neters I ound
surface. In another preferred enbodi nent, the inject ?gr@ﬁ%érrgr?&g%n may have
a tenperature and the tenperature of the injection formation can be
greater that about 25C. In a preferred enbodinent, the injection formation
may havWOo3@BHs¥Wsity greater than about 15% | n anot RGI/ERIEIES ed

enbodi nent, at |east one |ow perneability |ayer of the one or nore
alternating | ayers of high perneabjlity and | ow perneability can conprise
shale. In a particularly preferred enbodi nent, the one or nore of

al t ergpild fferale@¥arbon Sibxidk HAIMREMiORAD hbdroyerrsittide cBRbIRRRI Ifiley may be at
| east three pairs of alternating |layers of high perneability and | ow

per mgaesetting by performing as astion selested drpimitha groupisensisting of blendingatieasi e¢ can

conpr.ise nat u as. r lQn in.a gas. accunulation zone.. | n. anot her
or o Y ed e i s 0 vae SR, PhelRufk MR ioBR it 19 B8 eieh T 012306
PCT/ Patidfia QA% the fmpERnir&beké BRsdlids, chhfitnd Mk edlinitpdf fRbiRsERN at a
pressure sufficient to create and maintain fractures wthin the selected
| nj ecdiliop af leastrang ehemicahtoghgbipsalidsangdra spmpiination phidie prasedingrelitanothen owi ng
degradati o f the hiosoli.ds can n e, a . Se d fromthe group
consip§?at|£"ﬁ %?Oboggp%%,ﬁhe eg}éfazg?nal%eu ﬁ‘rﬂo |%l>)<1i°§fgl,%§ R Irtaggléﬁ" sul fi de and

- conbi nati ons ofAdcbrdinp remetdlérembbdinep bithepresent insehiod] theeéan bt pevidethod can
further conprise decreasing the rate of the generated carbon di oxide,

sul f urethpdderithealisppsal bigealids The metbodypaycompiissefirstanovading hwpplpelcedi ng. by
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of the biosolids, changing the salinity of the bios addi ng at | east
one citemating layéroofthiigh phinestelity ded law germeshilitiaiNeat, the hiogfidd shenpaesedi ng. I n
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i Nt 0 ridie thafl jofk€ bf @ alte@hdtR l5ers of Righ peaidabitiyy &idl yw pefedaBilityedboeiedi ment, t he
‘met hod can further conprise transporting the selected biogsolids to an

i nj edyjsclpn fgmationgan be menitsetdgpdng atjneecselegiefl framethp grevrtongising pibeforgr ef er r ed

enbodi. nent . . . f.ur r [ . ' ' : r in the
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| Nj eQefof@bibdtids Mijeefiel, iddeing Hlosolidh ijctipreaid B@r biosolds injettiodur i ng the i nj ection
of the biosolids into the injection formation, after injecting the
bi osol i ds i nt olntalpeeférred embidiment, dhrersapnbort binsalidacapdatiérived frem atdéast he
one source selected from the group consisting of municipal sewage waste, waste water
'_ treatment waste, animal waste, non-human-non-animal industrial waste and a combination of -

the preceding. In another preferred embodiment, the injection formation can be at least about 100

m below the ground surface. In a particularly preferred embodiment, the injection formation

- may be from between about 500 and about 3,000 meters below the ground surface. In
another preferred embodiment, the injection formation may have a temperature and the
temperature of the injection formation can be greater that about 25°C.

In a preferred embodiment, the injection formation may have a porosity
greater than about 15%. In another preferred embodiment, at least one low permeability
layer of the one or more alternating layers of high permeability and low permeability can
éompriSe shale. In a particularly preferred embodiment, the ohe or more of alternating
layers of high permeability and low permeability may be at least three pairs of alternating
layers of high permeability and low permeability.

In a preferred embodiment, the injection formation can comprise a natural gas

~ formation in a gas accumulation zone. In another preferred embodiment, the biosolids slurry




preceding. In another preferred enbodi ment, the nethodggan,fibsder conprise
I ncreasing the rate of degradation of the biosolids gy per%rgrmé.ﬁg an
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changing the salinity of the biosolids, adding at |east one chemcal to the
bi osolids and a conbination of tife precedi ng. In a particularly preferred
enbodi ment, the chem cal added to the biosolids can be potassium In a
pr ef ead Edn;emmhntb reidjcctiothdrmativha d prasurefsufficientito areatpaid smingid actungs met hane  to

b t the d dat ft h ted biosolid d
ot A Sreesniepp ARty WARPHEASY RGeS PBbRBIE; SKBREIS, of tor
i nj e?&#@@aﬁ&bﬁ{% ﬁﬁ%ﬁhg&g 5&5 ?a&% ?%aes s&b&@&ﬁ&?the%ﬂfu?%ﬂsﬁﬂn g dRa@pRt her preferred

enbo conpri se asing the rate of nethane
-generdanmdnnsm@ar piexides ydnageanulfidt amcombinetemsaf theqmedetimg gr oup consi st i ng of

- bl endi ng at st_Qne ,va te streamw th the provided bjosolids, inoculating
the bi osol i dse‘@na prionggl < Pé@??%%“?ﬂ’@ﬂ@é“‘ﬂﬁ%&&’?@eﬂ%%%%é% t he
t enpey afe;geﬂeraéd EdPBorPAiORAL, stffur GBI hytﬁogéﬁesu%ﬁeéee&ﬁwat%ﬁ% O 03/ 011398

PCT/ US01/°30969 6 salinity of the biosol adding at | east one chemcal to
t he Iprazsdihg. u;spfafmimmgcamrmtlmaseieond fifom thth grqup eomsehiing of lblmdmgw leastcmk ar | y

preferred enbod .chem cal |ds can

Dot 23656 st wih BedayipebbiEi reniine e bRsdiS v b fat Pl feier 9501 1 ds can
genengdt&iL c%gmgiﬁ‘é Rhp&dukd 61’"&16 ﬁSsoﬁElé’ WRarfpRIASthS Sd1iAfly Qf the BloBdlas di oxi de,

sul fur dioxid hydrogen sul fide and corbinations of the preceding, and
wher addihgatriedshang ahalyuctilmtthﬁelvlombdmdg@ombmawwﬁtge piecedingt dn apftherhe gener at ed

car bon dIOXI sul fur dioxide, dro en sul fi I.na n of the
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i noculating the biosolids wth at |east one species of bacteria, changing

t he pefiped abhodiment, tHelectiidesnfutthis cormfize gamBportifthsseldcted bigsadifis tohe  bi osol i ds,

addin st .o chem ca t he bi osolids and a conbi nation of the

precé‘g?cﬁlﬁn s1Fe§Jyamgqnﬁeef?redpj§?tgllglﬂéega @Hﬁ#dl ment, the chenical added to the
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of the present etter erstood regard to the
f ol |.amihndpjebtion formatiamat atppesetbowd &lomi the gronpl 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. In another preferred embodiment, the method can further comprise 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 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. In a particularly preferred embodiment, the chemical added to

the biosolids can be potassium.

In a preferred embodiment, the method can further comprise allowing methane
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. In another preferred embodiment, the method can further comprise increasing the
rate of methane generation by performing an action selected from the group consisting of
blending at least one waste stream with the prbvided biosolids, inoculating the biosolids with

at least one species of bacteria, changing the temperature of the bioso_lids, changing the




acconpanying figure where: Figure 1 is a schenatic di agrjamaf 2066
enbodi nrent of the method for the disposal of biosolids according to the
present invention. DESCRIPTION In one enbodinent, the present invention is
a nmethod for the disposal of solids, such as biosolids, conprising
i nj ecti Wé’of’ﬁémfﬁ osolids into deep underground for rratll’%gs.”%@ I nj ected
bi osolids are then allowed to undergo bi odegradation, using the natural
geot hermal heat in the deep subsurface. Bi odegradation produces carbon
di oxi de, sul fur dioxide, hydrogen sulfide, nmethane and ot her gases. The

gener qalifity fahdpiosolids dddiag iasleast bicrhemitably theobivRiliiomdwdopibinatieceuse it is
highly soluble in water, and nore soluble than methane, The residue from
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per nently sequestered in the underground formation. In a preferred

enmbodi“HKF™Pret hane generated by the degrading biosolids is renoved for
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preferred enbodi nent, the rate of biodegradation is increased or the rate
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met hod of the present, inventjon wl| now be discussed  in greater detail.
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- accompanying figure where:
Figure 1 is a schematic diagram of one embodiment of the method for the
disposal of biosolids according to the present invention.
DESCRIPTION
In one embodiment, the present invention is a method for the disposal of
solids, such as biosolids, comprising injecting the biosolids into deep underground
formations. The injected biosolids are then allowed to undergo biodegradation, using the
natural geothermal heat in the deep subsurface. Biodegradation produces carbon dioxide,
sulfur dioxide, hydrogen sulfide, methane and other gases. The generated carbon dioxide is
absorbed by formation waters because it is highly soluble in water, and more soluble than
methane. The residue from the biodegradation is a carbon-rich solid material that becomes
permanently sequestered in the underground formation.
| In a preferred embodiment, methane generated by the degrading biosolids is.
removed for conversion into usable energy, or storage for subsequent use. In another
preferred embodiment, the rate of biodegradation is increased or the rate of methane
production is increased or the rate of carbon dioxide or other undesirable degradation

products is decreased by altering environmental conditions in the formation or by adding




wi |l be derived fromnunicipal sewage or waste water tbgeahlRyl2onestes, such
~as produced by a mmjor netropolitan area. Minicipal sewage wastes conprise
human bi owastes, household scraps, sanitary paper products and ot her
bi ol ogi nents, as well as mneral matter and | | —amounts of
chenicaﬁﬁbpﬁﬁﬁ%fs, such as sol vents, acids, alkalieslgﬁﬂ%ﬂgﬁ9g’netals,
i ntroduced into the waste streamthrough the nunicipal sewer system such as
sol.vents, acids, alkalies and heaky netals. Another suitable source of the

biosolids is animal wastes fromsites where the animals are raised or
hous esibstdiives eriantetia,vmdy adjusting theebindhemitalwropertiesrof thechigpalidscsluret thati al s such

as sawdust ar straw, or it may be mixed wth nmi.neral wastes.. Still other
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Pr 0dUgiy frohriéihal BEbsByvBPaRRnABSnoloR% S for 1R Wspde:s bEBioWiieh are rich in organic
debris dredged from harbors or estuaries. After providing a suitable supply.
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PCT/ : " preferably conprise shales and other rocks containing
cl ayq%%lﬁjg?@%ttﬁ%#%h%ve absorptive capacity. In a preferred enbodi nent,

there shoul d bk ajpreferrasd tmbotimeat} the binkolidg disposed of i9f thbp@kent pethegabi | ity and

| ow perneabi lity separating any usable groundwater, iIf present, and the
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shoul i : ) Wele LLiLty and | ow
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“alkalies and heavy metals.

_ Another suitable source of the biosolids is animal wastes from sites where the
animals are raised or housed. The animal wastes can be mixed with other organic materials
such as Sawdust or straw, or it may be mixed with mineral wastes. Still other suitable

| sources of biosolids are pulp and paper mill sludges, waste oil products including greases and
waxes, and wastes which are rich in organic debris dredged from harbors or estuaries.

After providing a suitable supply of biosolids, a suitable underground
formation, designated the “injection formation” in this disclosure, is selected below a suitable
ground surface injection site. Preferably, the formation is a high porosity, high permeability
sand formation, significantly below usable groundwater, if present. In a particularly
preferred embodiment, the porosity is greater than about 15%. In a particularly preferred
embodiment, the injection formation is below any groundwater which could be removed for

- human use and below multiple, thick and clearly defined layers of alternating low
‘permeability, fluid flow barriers and high perrheability fluid absorption zones. The high
- permeability layers will preferably be sand of high porosity. The low permeability layers




formation, as will be understood by those with skill iJg fahgardoomi th
reference to this disclosure. In another preferred enbodi nent, the
injection formation will be at |east about 100 in bel ow the ground
surface,., Thi epth is generally deep enough to insur e injected
biosoliagngbf?a%e sequestered, even w thout thick andﬁg%gg&wggdefined

| ayers of alternating | ow perneability, fluid flow barriers and hi gh
perneability fluid absorption zones. specific, and deep enough to ensure

that the injected biosolids will not pose a potential threat to the
envi rweilimreferably compriee shales ansipithes socks nohtainiag clay mingnals that bave ghsofptive to al | ow
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be selected to _additionally protect ground and ocean waters by properly
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sources. , It is also preferred that the selected injection formation has
pre- dermationgasigil be andergiend hydhesg vt skilkintheprs with referencetethisnj ect i on f or mati on
S ovoq{cio%% by a suitable nethane accunulation zone and is capped by an
unfractured | ayer of relatively |low perneability so as 26 January 2006 WO
03/ 011398 PCT/ 1dShdtha6frred embodieh) the irjuctitve formpivar willetabase abowwenent . Thi s
conf ibll%gration al l ows for accumul at.i on of gasesgélene_rat ed b[%/ degradati on of
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to the environment or to water supplies, and near enough to the surface to allow biosolids
'injection in a cost-effective manner. In a particularly preferred embodiment, the injection
formation is between about 500 m and about 3000 m below the ground surface.
The injection site typically requires less than 10,000 m? of surface land, unlike -
the larger areas required for surface landfills. Further, use of the surface land itself
according the present method is only temporary, and after the disposal activity is complete,
the surface land can be returned to other uses.
The injection site and injection formation for use in the present method should
be selected to additioﬁally protect ground and ocean waters by properly selecting an
appropriate geological interval which does not outcrop or interact with near surface
formations. Geochemical analysis of formation fluids can be used to verify that particular
injection formations contain only ancient fluids and are not in communication with shallower
water sources.
It is also preferred that the selected injection formation has pre-existing natural
-gas because this implies that the injection formation is overlain by a suitable methane

accurnulation zone and is capped by an unfractured layer of relatively low permeability so as




The overlying | ow perneability |ayers, when present, aymubRexdveef erred
injection formation provide a perneability barrier to upward mgration, as
can be evidenced by historical oil/water accurul ations, where the oil

M grat eg,gaNafek until it is inpeded by a permeabili tﬁ{:f?(?sr [i&ts 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 perneability layer. For 9exarrp| e, if the well casing cenent fails
or a low_ perneability layer is breached and fluid mgrates above the |ow
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changes and fluid migration can be identified by monitors located in both zones, and periodic

wellbore tracer surveys. Further groundward migration of the waste material will not occur
unless the second higher high permeability layer also becomes highly pigssurized. For
material to migrate upwards from the injection formation, the process of breach and
absorption in the layers above the injection formation would have to be repeated for each set
of high permeability and low permeability layers above the injection formation.

. As an example, a suitable underground formation for injection of biosolids
according to the present invention would be a 100 m thick, unconsolidated sandstone
formation lying between 1000 m and 3000 m below the ground surface, where the sands are
poorly sorted and range in texture from very fine to coarse grained. An approximately 300
m thickness low permeability formation material would be present in the 1,000 m interval
immediately above the injection formation, which are interbedded with high permeability

- formations providing additional geologic barriers and safety zones and which could be easily
monitored,
The injection formation would have been used as a gas storage ficld for at least

ten years, the geology of the area would be well characterized and injectivity into the




regularly and extensively monitored. In another preferdenaaiedogent, the
present invention includes creating and maintaining fracturés within the
selected injection formation by the injection of waste slurry under high

pressur s parting pressure, as wll be unders @ﬁ% hose W th
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sui tabl e injection formation and injection site, the injection equipnent
and associated facilities are |ocdfed in an area adjacent to the injection
site. Injection equi pment preferably occupies a surface area of 10,000 n?
or | eigjsction; formaion wouldi haveobegh egablishede A oenshyt well wewld preferaliyl bowieRenE equi r ed.

or ot VB CosTEE IR o AP el B oo o FopAFRIBR Shour o ve

- envi regesuR Hemosge@uﬂdmeﬂemﬂamdnamis linthe @fea \48S bROUNBY R vduld teur t her
preferably, they should be able to screen waste streans on a conti nuous

basi sregdatti adextensivalyimenitasef.of any oversize material into the wellbore

that could | ea I, ]fm@ %g; ﬁt i nj ection
par anet ers sucﬁ‘%@m?é }éﬁ?‘??mﬁ&ﬁﬁﬁ} th@imrSér}lég}s%gllrl&eo?l ensf%y a cfﬁgerrper ature
‘i N r-addintainingefractideli withimde lsgleqwdeiﬁ)emahlfgﬂ;mahbeby tednjection n€ vadlesivay i abl e speed
controls linked to the nmpnitoring systens that germ’t t he control and

opt | rHUHER HEHhPISFSuFa, SUCH|as PATiDG BICHUFy as WHhROHWREPd BY st Witk kil iR consi st ent
sI Ur I ngﬂ?%e'fér)! c@qglmqgedlgcyglgg rate of a biosolids slurry wth the best
|

physi ca tri ut es feas Sui tabl e cased and perforated wells are
" prepared or exAﬁbn setpctionl dfa snmaﬂa‘mpchmlrfdrmamnmmjmjtcummenﬂlem]cqtlen:t i on

formati on, |nto e.. et hane acgcumul ati on zone i.f, desired. Al wells
used quIPf'ﬁ%t AE0piAt WHEF %Fg’ B‘Sé F‘bﬂ'e%ieac%@%‘ﬁlw g@éﬁ“?ﬁ‘?“ﬁ’l%l d and gas

" [naﬁ,r %‘J n(a:egqlpﬁ{]e proefabiy e|s¥ shiG ﬁ:ﬁe%@eato‘? 16066/ k of R8¢ »ﬂihqlr ation is not

a capac ty eac is preferably in the range of 500
to ZCHdﬂltlmrai parfacd aynsahiction os odalddv&rls Fagnired. Bl smat(cqmlpmgltmudl tankd e deep

injecti { ets, and alternating between nmultiple wells and intervals, a
Si ngl%eéﬁaP afi‘g)h ‘"'f:ﬂsﬁf{;l de | arge-scal e biosolids nmanagenent capacity for many

years. 1n a prefehkRetueBRTRRty GifflolBld nfdaRH bfkridigs RidRPR | nvention

has several |ayers protectioh. An outer 'steel casing (called the
surf ameiremsintdly secoreeinde lfdmﬂmgtdﬁewasls matmab Furthehprefesabdy, teytshodgbé of any

usabl roundwat er. This steel % 9 urro% unded .26 January 2006 WO
03/ 0% SEIEer) VRS Srsaas o ziiontmuous he1$to avoid Htrodiehon of any oversize

material into the wellbore that could lead to blockage, as well as to monitor and register
injection parameters such as rate, total volumes, pressure, density and temperature in real-
time. Additionally preferably, they should include variable speed controls linked to the
monitoring systems that permit the control and optimization of the slurry-forming

- components so as (o maintain consistent slurry quality and delivery rate of a biosolids slurry
with the best physical attributes feasible.

“Suitable cased and perforated wells are prepared or existing wells modified and
extended into the injection formation, and into the methane accumulation zone if desired. All
wells used in the present method are designed to seal against fluid and gas migration and are
faeriodically tested to ensure that migration is not taking place. The capacity for each well is
preferably in the range of 500 to 2000 m® per day of biosolids slurry. By selecting multiple
deep injection targets, and alternating between multiple wells and intervals, a single site can
provide large-scale biosolids management capacity for many years.

In a preferred embodiment, each well used in the present invention has several
layers of protection. An outer steel casing (called the surface casing) extends from the

 surface to the lowermost depth of any usable groundwater. This steel casing is surrounded
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injection of the biosolids. In summary, the biosolids are sized, screened and mixed with
water to produce an aqueous biosolids sturry that is a consistent mix with no oversized
particles, and is suitable for injection into a perforated cased wellbore and injection
formation.

In a preferred embodiment, a biosolids slurry is designed to generate methane
efficiently under the conditions present in the selected injection formation. This is
accomplished by measuring the chemical and biological properties of the available biosolids
stream, the physical conditions in the target stratum, and adjusting the physical and chemical
properties of the slurry to achieve efficient methane generation.

After the biosolids are injected into the injection formation and locked in by
the natural stresses present in the injection formation and the low permeability zones
immediately above the injection fofmation, the injected material is allowed to undergo
degradation under anaerobic conditions. Given a solids mixture undergoing anaerobic
digestion, an estimate of degradation can be obtained from first order kinetics:

W=Wgekt

_(1)
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val ues for t‘he exponent k are on the order of 10-3, vyielding a value for W
of between 40-60% degradati on per igear. For continuous injection, the
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formation 1s episodic in order to facilitate. the nonitoring of formation
‘behavinjectionBehavoonwill lbe npied sdhile maferialtib gtill faf beJow dhre griandwater aablowigpr ef er abl y

R S, S5t T e P s 1 o
mechgRtGale recording and analysis, temperature recordings, surface deformation measurements
and analysis, and microseismic monitoring, such as monitoring pressure in one or more than .
~one of the alternating layers of high permeability and low permeability above the injection
~ formation during a time selected from the group consisting of before biosolids injection,
during biosolids injection, after biosolids injection and a combination of before biosolids
injection, during biosolids injection and after biosolids injection, as will be understood by
- those with skill in the art with reference to this disclosure. The monitoring is preferably
performed at several depths below the groundwater base.

Preferably, fluid injection into the injection formation is episodic in order to
facilitate the monitoring of formation behavior. Bottom-hole pressure in the injection
formation is preferably monitored continuously during daily injection and nightly shut-in.
This pressure information is analyzed to evaluate changing formation flow and mechanical
properties and injectivity, and to determine formation parting pressure and material

"containment, as will be understood by those with skill in the art with reference to this

disclosure. Additional biosolids will not be injected if pressure in the injection formation




properties and injectivity, and to determ ne formationgdahlhRPopsessure and
material containnment, as wll be understood by those with skill in the art
with reference to this disclosure. Additional biosolids will not be
injected if pressure in the injection formation 26 January 2006 WO
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di ssolution in th i ne f ti t d the high qualit
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sequesdvity Qcbrbaatigep sal ine formations. Recovered nethane from deep

i njection formations used according to the present invention is of higher
~quality than tMathanpsndcatbenl dioxide produged byithredageadatianrofibiasphidsur f ace

according to the present invention will percolate through formation water where much of the

carbon dioxide will be sequestered underground by dissolution in the saline formation water,
and where the high quality methane will accumulate jn the gas trap. The difference in
sequestration is due to the much higher solubility of carbon dicxide in water relative to
methane (a ratio of at least 10:1) at temperature and pressure conditions typical for deep
geologic formations. Methane, in particular, is a potent greenhouse gas. By injecting
biosolids into the deep subsurface, gas release to the atmosphere is eliminated and carbon is
‘permanently sequestered in deep saline formations.

Recovered methane from deep injection formations used according to the
present invention is of higher quality than that generated in surface digesters or from surface
landfills for two reasons. First, by percolating through formation waters in the injection
formation, the carbon dioxide component of the generated gases will be significantly
absorbed due to the much higher solubility of carbon dioxide relative to methane. Second,
the methane generated according to the present invention is at higher pressure than methane

generated by surface landfills and requires less compression for storage or use.
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use. 26 January 2006 WO 03/011398 1RCT/ US01/ 30969 14 As can be appreci at ed,
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can be used to increase the deconposition rate of the biosolids into
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S that af Sichify &g et BadeiaRh Uil IHRP AR 0P htrdr Mection. The
inoculation can be used to increase the decomposition rate of the biosolids into methane under
- the specific temperature and pressure conditions at the injection formation depth, or to inhibit
- the production of undesirable decomposition products, such as carbon dioxide, sulfur dioxide
.and hydrogen sulfide. Further, nutrients and other chemical or organic agents, such as those
_that alter acidity, pH, or oxidation potential, Eh, can be added to the biosolids slurry for the
same purposes. )
For example, bacteria that are relied upon to promote biodegradation of the
injected biosolids can have high potassium requirements. Extrinsic potassium, such as
-soluble salt potassium chloride (KC1), can be added to an injected biosolids slurry to promote
bacterial growth.
In general, it is preferred that chemicals added to the injected biosolids slurry
be only weakly soluble in water or insoluble so that any added chemical is not removed
during the water expulsion that accompanies compaction of the injected material in the

-formation. A suitable source of potassiom for addition to the biosolids slurry, therefore,
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injected material in the formatidh. A suitable source of potassium for
addition to the biosolids slurry, therefore, 26 January 2006 WO 03/011398
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- hydr duetgria added are anaerobic species because of the low concentration of oxygen in the

injection formations used in the present invention. In a particularly preferred embodiment,

the bacteria are methanogenic.

Additionally, a plurality of biosolids having different compositions can be
blended together to maximize biosolid degradation in the injection formation, or to maximize
the rate and quantity of methane generation, or to decrease the rate and quantity of generation
of less desirable decomposition products such as carbon dioxide, sulfur dioxide or hydrogen
-sulfide. For example, a source of animal waste that is rich in organic material can be
blended with a source of waste materia such as a pulp residue, séwdust from a plywood mill,
thermally treated wastes, or other wasie 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
understood by those with skill in the art, with reference to knowledge of the in situ conditions
at the injection formation and with reference to this disclosure.

_ The temperature in the injection formations used in the present invention can
vary from 25°C (e.g. 1 km deep injection formation in Montana, US) to 100°C (3 km deep
injection formation in West-Central California, US). However, suitable thermophilic bacteria

can be used with injection formations having considerably higher temperatures. Pressure also
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t he slispbsdt at thesick iatbapletfie Foudils pecaade thé bibdudids tanchel pampediipl legabsites Four t h,
because t he bi osolids can be ed to local sites, for di_s&?sal, t he

.bu
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met howithr klvye esckt teffianount of net hane and carbon dioxide released into the

at nosphere as conpared to surface applicatiopn of biogolids. Sixth, nethane
produced by t nEIHeBkAsE g TEiGS #%O%eﬂwahﬂ&apacw@}ﬁp@%m met hod
can, b@w&é&h iRE hﬁ%&ghery A€cctiDaRt 1& ART6Y aptiifof of BiRVAAs N sk, AR@lahds di sposal
according to the present nmethod can

produced by the degradation of biosolids according to the present method can be collected for

use as an energy source. Seventh, biosolids disposal according to the present method can
reduce the cost of biosolids management significantly compared with conventional surface
application methods due to the reduced or eliminated need for trucking the biosolids to a
distance site for disposal.

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
monitoring and pumping equipment) for the formulation of suitable biosolids slurry mixtures
for injection into a injection forma_tion.

A2 represents the injection well (or one injection well in an array. of injection
wells) that is cased and cemented in such a manner so as to withstand the injection pressures
implemented over the life of the facility. |

A3 represents the injected biosolids slurry that has been placed and has

- rapidly, through excess water expulsion, become solidified by the great weight of the




reduce the cost of biosolids managenent significantly »gogRasSdonkt h
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tum of sufficient pore volune and flow path

I y '
20ngg@%ﬁbg{%ﬁ%%ﬁﬂ%gﬁezgoﬁagprpéchsst o take all the water expelled fromthe

bi osol i ds SI--urAsréptédeﬁlgtﬂeh@olﬁ@dmtukwardnﬁmmpaﬁboﬂmemmts the evol ution
and upward novenent path of the nethane generated by the bi odegradation
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S C_O'l ! ect > - A6 represents the porous and permeable strata where the methane collects
through the upward migration and pore liquid displacement process, and from which strata
the generated methane can be extracted for use. This zone, A6, is a “trap” for the evolved

~ methane because of a suitable geological structure, which can be in the form of structural
closure with folded beds that form an inverted bowl, as shown, or can be in the form of a
change of rock type, not shown, in a combination of the two, or in some other suitable
disposition of permeable and low-permeability strata.

AT represents the rocks overlying the injection formation that are of
sufficiently low permeability that gas cannot flow upward through the pore space. Also, the
overlying rocks A7 afe non-fractured, or are minimally fractured so that the methane cannot
escape to strata of higher elevation.

A8 represents one or more conventional gas wells that extract the methane
from the accumulation site A6. The gas wells, A8, either exist at the site before the disposal
operation begins or are specifically installed as cased, cemented wells, perforated so that the
gas can flow into the wellbore. Depending on the configuration of the strata, the methane

‘extraction wells A8 may be vertical, horizontal or inclined.




through the upward mgration and pore |iquid displacesgnt 09885 and from
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d, t | f t ed that. the. . . fl i th
vl Toor 6. Dopontiigh B IRREn R ROUFR bhOTisesieh a” Ehibe oFel b hane
- XL I §efekdafe WRlehiin PRAETRN cifbolifdehis Cather difboliRits Ale WissiblBC IFoP 8mpkf January

2006 WO 03/011398° PCT/ US01/ 30969 18 A9 represents a surface facility for
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sourge. Alternatel t he tract t hape .can .be. shi d directly to
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pr es ebcripAyeot preRrrbPembRRRent GalafRe th M diRPskEer abl e detail with reference
to certain preferred enbodi nents, other enbodi ments are possible. For
exanple, the nethod of the present invention can be applied to the

di sposal of solids other than biosolids. Therefore, the scope of the
appended clains should not be limted to the description of preferred
enbodi ments contained in this disclosure. 26 January 2006 19 CLAIMS: 1. A
met hod for the disposal of biosolids, the nethod conprising: a) providing
a .supply of biosolids; '




b) creating a slurry of the biosolids suitable for injgcidgry Mbssel ecting
an injection formation that is separated froma ground surface by one or
nore pairs of alternating |ayers of high perneability and | ow perneability;
d) injecting the biosolids slurry into the injection formation; e)
~allowing the injected biosolids dPurry to degrade; and f) nonitoring
pressure in the one or nore than one of the alternating |layers of high

per n@@ 'I%ty and | ow perneability above the injection formation during a
time’s ‘ted fromthe group consisting of before biosolids injection,

during bigsolidsetHal 6l thOBispRhll FbiosMdASBE hidthoti RbBFHdiA and a conbi nation of
before biosolids injection, during biosolids injection and after biosolids

i nj ecti o) piwvidigea svpplyed bofsolédsai m 1, where the injection formation
conprises a natural gas formation in a gas accumrul ation zone. 3. A nethod

for the dﬂﬁ?@%?3?%9%@6Pi°a%1§dsﬁﬂ@bl?§9h’élfc‘é%pri sing: a) providing a
suppl y Ofc) Qél?&ﬁl 'ag%%iecl?i)onq’cgr%l%rti'oﬂ]g]fafais%é Ardted émtaheo bldosﬁl%!lcle Y o%wmt abl e 1or
7°C serect ng C ol

i njecting an rnjection’tornation ow a ground “surface
CONMBhbrs iphigs ¢F altenbiirdtl lagkaSof High peRibabMity Bn@l_ogﬂﬁenﬁ&ébﬂﬂ?,' ation zone; d)
injecting the biosolids slurry into the injection formation at a pressure
suf fi ci ent) injeating thedtigsohidsklvrgy mtoetheinjection formsation; t hi N t he sel ected i nj ection
formation; and e) al.low egradation of the injected biosolids slurry. 4.
The met h&d2dqwipg eﬁ’lllic%a&g?"q\%géll‘@%‘?e&%d' egradation of the injected

bi | i dsy Sl ' . ti f
oarbon diTb oo RS % dhedP hebal bR ! P MARE AR SOIB 5L "0 O he
pr eGreha@ilicd and ey @emlieadﬂigf alsdvai the 4njediioh Ufb@iatioR TAAFinS aEmél@cle@adi ng the rate

~of the generated carbon dioxide, sulfur dioxide, hydrogen sulfide or
contffanatlicogronp comsistipg ed dusifore bidsylidseinfeotion, nyring binsolidsningsetiens tafldr f r om t he

groyp consisti.ng of blending at |east one waste . stream w.th the provided
b1 o BrsEl R0 S R oo FaTe DL sk, RBns fReles of T2
Janqg_reéﬁo% @a@&bﬂ%ﬁﬁ&rﬂggcﬁ hangi ng the tenperature of the biosolids,

n

changing the salinity the biosolids, adding at |east one chenical to
“the bi osal i ds Thednahaogbilial 1,0shedd tHelifjepiRCRGhaHn Dmphiseied hagraf or t he

di sposal of biosolids, the nethod conprising:
gas formation in a gas accumulation zone.

3. 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 below a ground surface comprising a natural gas
formation in a gas accumulation zone;

d) injecting the biosolids slurry into the injection formation at a pressure sufficient
to create and maintain fractures within the selected injection formation; and

¢) allowing degradation of the injected biosolids shury.

4. The method of claim 1 or 3, where allowing degradation of the injected
biosolids slurry, generates a gas selected from the group consisting of carbon dioxide, sulfur
dioxide, hydrogen sulfide and combinations of the preceding.

5. The method of claim 4, further comprising 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




a) providing a supply of biosolids; b) creating a Slub%ﬁaﬂﬂa&ﬁﬁpg'°5°|'ds
suitable for injecting; c) selecting an injection formation”below a ground
surface; d) injecting the biosolids slurry into the injection fornmation at
a pressure sufficient to create and maintain fractures within the sel ected
injection formation; e) allow ng2degradation of the injected biosolids
slurry, thereby generating a gas selected fromthe group consisting of
carbon di oxi de, sulfur dioxide, hygr gen sul fide_ and og?in éions of the
pr ecRagieHg, changing }he&elep%ra@r%@td i bicpalids. ganging ﬂl&e??@%“éif atitherasshdsi oxi de,

Sul il 21Kad e DUAGON Elme BlLIIAIGPL SORRINALI B ool PTeceding by
perform°ng an action selecte Fom t he group consisting of blending at

| east ones.wast £ nfettioddon the BidpdshieofBicelidietie Bietifodlcb@grisiniocul ating the
biosolids with at | east one species of bacteria, changing the tenperature
of the biawm‘ii(ﬂsgasmb’r@bmjoﬁfﬁe salinity of the biosolids, adding at |east
one chem cal t.o the bigsolids. and onbi nation of the preceding. 7. The
met hod ofbc)@F%‘Fﬂg§sBWB?%@F@‘@%‘W%H tg’éinﬂeﬁHng’ormati on is separated from

t he grou ! . : [ ernating |ayers of high
perneabiFﬁf?ggﬁg%ﬁga%x%g?%gggﬁfpgy?ggﬁﬁ%ﬁgﬂﬁt%hod of claim?7, further

conpri si nd) ifiieetidghé bigsqglide SRitydntorthd igecdne fodmatidiiter pragtreanicidnt t he
alternating |ayers of high perneability and | ow perneability above the

i nj deeregte and meEntain fragfures wathe the sefected|igeetion feymaiplhe group consi sting of

before biQsalids injectio during.bigspolids i.njection, .after biosolids
nj ect i orP ANV HEISSHIRIRT s PIBURE PSR SLET: SO GeltietiE 2 gt ing

bi 0s@lebdld plofi f6 kR RALstRil FlcaldbR ARIxEAS sl AfckideNhydPogedREIHIBERPD of claim
6, where the injection formation conprises a natural ~gas formation in a
gas cambirmibmdfde precedingldéhd The nmet hod of any of clains 1-9, where the
supply of biosolids is derived fromat |east one sgurce selected fromthe

group corfdidsrpasipeothe ratsi ofi thazcucqiad) cahar dioxides sulfi dieXide dudrogen wast e wat er

treat nent _waste, ..ani prl wast.e, .non-hunan- non- ani industrial waste and a
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sur f ace.

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.

7. The method of claim 3 or 6, where the injection formation is separated from
the ground surface by one or more pairs of alternating layers of high permeability and low
permeability.

- 8. The method of claim 7, further comprising moniforing pressure in the one or

more than one of the alternating layers of high permeability and low permeability above the

“injection formation during a time selected from the group consisting of before biosolids

injection, during biosolids injection, after biosolids injection and a combination of before
biosolids injection, during biosolids injection and after biosolids injection.

9. The method of claim 6, where the injection formation comprises a natural
gas formation in a gas accumulation zone.

| 10. The method of any of claims 1-9, where the supply of biosolids is derived

from at least one source selected from the group consisting of municipal sewage waste,




12. The nmethod of any of clainms 1-9, where the injecti hOn is from
bet ween about 500 and about 3,000 neters bel ow the grgggaﬁlgj??ggée). 13. The
nmet hod of any of clainms 1-9, where the injection formation has a
tenperature and the tenperature of the injection formation is greater that
about 25C. 14. The nethod of any2ef clains 1-9, where the injection
_ formation has a porosity greater than about 15% 15. The nethod of clains
~ 1 or 7, where at least one |ow perneability | ayer of . the one or nore

I tGFTR VAG FeRRrY vosien PERah R RHE ISRV IAt R AHELVIIS PikBrpr | ses
shal : f claims 1 or 7, where the one or nore pairs of
al tecﬁﬁnggrgﬁa D‘Ietggg%g&%}gphi gh perneability and |low perneability is at | east
three painms ofTRlth&hsthbdf 4t dfayams 1-9Qfwhetdihe pigediiva Fodmatiyn anst leaw
perneability. 17. The method of any of clainms 1-9, further conprising
cr edabpwigl 0 mptarsipedew thei grennd sprfecei nj ecti on formation before injecting the
bi osolids ..into,the injection.formation. 18 The nethod of .a of clains
71707 turher EsnehEd REY BheBERS 117 R BeEUIBORT 08 F AP o an
L Nj Qfehddf abiuk SoW¥nd B DO Gers BEBG thdSrobifisuPh@sol i ds. 19. The nethod of
any of clains 1-9, turther conprising nonitoring pressure in the injection
formation3at darkei methsdlo€ahe difalgdnst he, ghaephe ansdthi fogmatfonbidsox e | nj ecti ng
the biosolids into the injection formation, during the injection of the

Lior tic g
bi odempatuserng thedempesptareraf $he njegionpeprmation i greaterithat abeyt 48°G-he bi osol i ds i nto

t he injecqtion . for i on.and onbination of the . preceding. 20. The net hod
of “any ofi%ei ate Hanof pEARY R RS 1Y % tos atiSrech BREM A ey
degrReRld gRaRf thhhghdat P! i ds by perform ng an action selected fromthe
group consisting of blending at | east one waste streamw th the provided
bi osol i dd5. i nAdeimatthaigoft dhaimb ilasdl, ivdsrenittlbasadnd leaspermeabilipdayieesf of bacteri a,
char}ﬁgr ng the tenperature of the biosolids, changing the 26 January 2006 22
“sal ithe e9e of mofpalirradis ilapers efghish gpempeabiiny and low prr@sebility QIURTIES bi osol i ds
and Sﬁalgonbi nation of the preceding. 21. The nethod of any of clains 1-9,
further conprising allow ng nethane to be generated by the degradation of

the injeqged biLeSRthalP oPEInIEL 8y ¢! WhteNBS BANEr BRRCHAsesT AMématile degradati on
of the injected biosolids, after I njecting the biosolids into the injection
layers of high permeability and low permeability is at least three pairs of alternating layers
of high permeability and low permeability.
' 17. The method of any of claims 1-9, further comprising creating fractures
within the injection formation before injecting the biosolids into the injection formation.
18. The method of any of claims 1-9, further comprising transporting the
selected biosolids to an injection site by pipe before injecting the biosolids.
19. The method of any of claims 1-9, 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.
20.  The method of any of claims 1-9, 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 pfovided biosolids, inoculating the biosolids

with at least one species of bacteria, changing the temperature of the biosolids, changing the




formation. 22. The nethod of claim 21, further conprl F %5?8a§|ng t he
rate of methane generation by perform ng an action séFecle romthe group
consisting of blending at | east one waste streamw th the provided

bi osolids, inoculating the biosolids with at | east one species of

bacteria, changing the tenperatume of the biosolids, changing the salinity
of the biosolids, adding at Ieast one chenical to the biosolids and a

conbi nati on of the precedlng t hod of any one aof the previous
cl ai felnitywicthe biogelidsiaddingaat %@m cb%mwﬁlhte ﬂ%ﬁ fagﬁﬂllﬁﬂém% & cqiphinalion g
the preceding,

21. The method of any of claims 1-9, further comprising allowing methane 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.

22. The method of claim 21, 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
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.

23.  The method of any one of the previous claims, where the chemical added to

the biosolids is potassium.




