26 January 2006 WO 03/011398 PCT/ US01/ 30969 1 METHOD bgRaR4590hE DI SPOSAL
AND METHANE GENERATI ON CROSS- REFERENCE TO RELATED APPLI CATI Thi s
application clains priority fromUnited States patent application

09/ 917, | d "Met hod For Biosolid D sposal And eration,”
filed Jg"lwyospz'];{,SB@ZOOl; the contents of each of which gﬁr:éeﬁﬁgg?%@?i ncor por at ed
herein by reference in their entirety. BACKGROUND Over 10 million tons of
bi osol i ds from munici pal sewage slldge are generated each year in the
United States al one. The prevailing nethods for the disposal of biosolids
bi osol i ds MEEHQRFORBIQSOLIDPISFOSNL AND MEJHANE GENERATIONe | and
application, such as to crop land, range |land or forests, conposting and

| andfill disposal. Each of these nethods is associated w th di sadvant ages.
For exanpl e, oneCROSSREFERBNCH TORELSTED APPIAGATION osol i ds to surface
lands is the resistance of persons liVi'n% in the area of the application
because of condbisagpligatinn claims popy donsHpied MatesRAFenb 2 RPIGHIRA- bl own dust from

t he sg ke ' j | b I\ j SR d and

| anct 0 77 ARRY GRio Ror BloRY s B MERld Wnk AUk AR, o et er
—-and grofuntieebsents dfleatihafrwidelisad herebnipemypsiaied hereint Hyereferamoelirt theins can del ay
the application of biosolids to surface |and, and trucking biosolids to

t he Fiation site creates pollution and nuisances. Additionally, the
capacity for the disposal of BAesUnr application to surface |ands and
landfills is [imted and the associated costs are generally high. Also,
greenhouse gafwers]0 miliidn tass ofbidseliis fromtimoziciparsevragelwiee amrgeneyateér at ed by

t he deconposi tion.of .the  biogsolids. and thes ses are.released into the
bt mocadere i th RIBie] oS gore, e areva e iR For i EEaeSa S bRSRE ot 11 5.
Ther eéiesfgﬁds inBRiemt SprlicARAGS LR biGADIRA irfRP #ind ABdIAGb, SHchlaB % dogposal  of

bi osol1ds that provides less risk for environnental contam nation.

Addi tland) ahige landioe ferests camposting afidolandfilladisposal.o Eath ofghdse ehefhods ishe di sposal of
bi osol i ds that i.s.less expensive. Further, there is a need for an

addi tqsﬁﬂ‘fﬁtedﬁm%iﬁqwg%e di sposal of biosolids that does not pernit the
~release of car bgredinfiti SR BHEvALAIE bf BE AFRlichRIASHT bIRSIRS b Hirfack hadat mosphere.
Al so, there is a need for an additional” nethod for the disposal of

~ bi osdk detgresistattce ofiperpms Hviog inba btes ob therappliretion because of concerns about

- nuisances such as odor and wind-blown dust from the site of application. Biosolids

- application fo 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.




from biosolids. 26 January 2006 2 SUMVARY A first aspegliaQiary h6od nvention
provides a nethod for the disposal of biosolids, the nethod 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 from a ground surface by one or nore pairs of alternating |ayers
of high perneability and ow perneability; d) injecting the biosolids
slurry into the injection f or EMMARYe) allowing the injected biosolids

slurry to degrade; and f) nonitoring, pressure in the one or nore than one
of the alterna%ﬁﬁﬁaﬂﬁ g“ﬁﬂ“ﬁﬂ@h“@@ﬂﬁ%%ﬁ?ﬂ?@ﬁxéﬂﬂmﬂﬁﬁﬂﬁ@rneablI|ty above
t he QB} ect om.t he group consi sting
of g% gﬁgégﬁﬂgﬁﬁﬁf |n e I@%é%ﬁ@”bﬁ%@% ﬁ%%ﬂi%e%%l after biosolids

i Nj efié bidkolAP Qtuﬁbﬁqmlhj%@ﬁﬁgg B) @iecﬁ@g & igjebii@s@lrhadn thﬂhg@%ﬁdraed frélr i ng
bi osolids injection and after biosolids i njection. A second aspect of the

i-nv engrown priasd byeme ar metdwirs bHalterinting layps 98high perniziabisipl anddow t he met hod
conpri s . rovi g a ply. of bjosali b) creating a slurry of
thg%ﬁpﬁ Fﬁgﬁgﬁ?WQE q?%Ph&ﬁﬁ ’Pﬁ@h3E§“§%48E¥‘ ?k Wiedhs on f or mati on
bel | if.a gas
accubicr s pAKIRL oTHY A ESRATR bl R Hb y0AE P%e?éfﬁﬂ%@%nt " nj ecti on

f or refthecitefiating layes shigh patfnkhtgligahd I SdrR8itfligABovERhdnfcAon f ract ures within
the selected injection formation; and e) allow ng degradation of the
in; efeltﬂ@tﬂloﬂ ldwzmﬁ ﬁnds seimtndrfyom Ihetgmupd:oagmgtof béforettaosohidssiniecdon, pr ovi des a

nmet h e. i osol.ids,, the nethod_c risin a) providing
as ISFOI'EI]F sﬁte @0591’@5&11]?‘? og, arig W‘W‘mf’ﬁ]é&gﬁp P]i‘%s suitable for
i nj qﬁJ Rﬁ dlﬁ-?ng%?dsﬁﬁc}s1glsct?dﬁdnﬂlaﬁ&lﬂ16§ﬁh{l1 d on bel ow a ground surface; d)

i njecting the bioso slurry iTnto thenjection formation at a pressure

sufficient to scendSpeundf tRimkatiidh frovidésrmahod fohthe dispesasef ect ed i nj ection
formation; e) allow ng  degradation of the injected biosolids slurry,

t heﬁwyh@;eﬂ’é mpthod gompysing: 98 perviding 4 supplytof bioselrdsulp cxentisg & sl 06f car bon

fur, di.oxi.de en sulfide nd conmhi nati ons of the
o edheings TS S ot hiiing! N SeHERE S tetsfon AR BRaP e ibon di oxi de,
sul fstracdicBMibHSing a IMERP &ﬁ@ﬂ ' cedi ng by
perfgfﬁlﬁg gn ?%%lonasgﬁgg®%& ? H%{ae gr%ﬁ%zgg%glsygﬁgg%g bl endi ng at
| eadliosolids shastiatoshe @otion fobmitiva apt prkdesdsufiidants ceate ahdweiitait i ng t he
biosolids with at |east one species of bacteria, changing the tenperature

of ftaﬁ@re@m@m theiselecierinigrtion formation andio) glleyring Aegradagempl theinjesthdi ng at | east

onebch to t he
105011 S Slury

A third aspect of the invention provides a method for the disposal of
blosohds the method comprising: a) prov1dmg a supply of blOSOlldS 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.




bi osolids and a conbi nati on of the preceding. 26 Januajy Accor di ng
t o one enbodi nent of the present invention, there nay%%ga%%%§€%g2d a net hod
for the disposal of biosolids. The nethod can conpri.se, first, providing a
supply of biosolids. Then, a slurry of the biosolids suitable for injecting
can be created and an injection Rarmation bel ow a ground surface may be
sel ected. Next, the biosolids slurry can be injected into the injection
formation at a pressure sufficient to create and maintain fractures within
the selected injection formation. Tng, the.in'ectqg bi osplids slurry can
be allowed toAfeaidingdo opsembadingent of (g PESHYIRYREHE™ NER™&Y\Bhl y of bi osol i ds
can be der.ived, f t. . consi sting
of i a e S i BT b AR AE e BT Comb e e Rl e

non- RSB o ABsoRas. Mhkn, ol [ 6itRd bivesidesuaable ForGajEblingaiah ba cefited kit pr ecedi ng.
In another preferred enbodi nent, the injection formation my be at |east -

aboutan ifje@@iondéraration bélow atgnaing suiferd nsayrbeaclected. iNext, S hipsolifsH ™Yy pref erred
enbodi nent, the injection _formation gﬁal}/%%b]gﬁf.rlﬁm bet Welgf abtout 500 and _
aboutcanbymiperdinp dhajaleaen fRanagiog ghyre 1e1gnf 1o, CcrRgte PG PR B hhodi nent, the

i nj eGLion. fon g - UfkE i3Bed BiDEIHERREY Bt Of the
I nje afglﬁcsf“grna |§ﬁeé§%m @%%ﬁ%‘%@?ﬁ%ﬁ’gjbéﬁt %5 1C. lI n anot her preferred

emboiipREd o deB@dé.nj ection formation may have a porosity greater than about
15% In a particularly preferred enbodi nent, the injection formation can

be separated flndnprefeeredembodimeniy the supplyofdiesolids cande deriierl fromost Iegsk er nat i ng

empodn gt FitRFEERER eld B Y BRAPA Ses ask WB P BREEC LT e 11 the one
or Nafe@micAeWasty) aniddal Waste, alohdumai-herBadidyicndusaial Wagh aikd soadiiatiod yf and | ow -
perneabi lity above the |g$ect|on formation during a tine selected fromthe

- gr ou phegwseding. imgnothsr pisErred embpdgast. iteaniestjon formgHomt wey hary LBt 8% i ds
‘i nj ectd on fter, biosalli inj.ectign,and.a ,c i nat i.on _.of. bef ore bi osolids
inje M %ﬁt:ersg’ﬁ Vg EP gdosf'"lqﬁsg']igﬁjpeclfll%%r}?’ Ririred ?ngl;rgag?%é(t)}ﬁqﬁs th|an ection. In a

pr ef eshatoriiRAd ARG otwéth ab&RSH0 HAAbHR Y 0DE IR AWeldwl the oMl sulficet he one or
nore- alternating |ayers of high pernmeability and | ow pernmeability can

conpri se shal elnqpyefsredymbotlimgntsthe {pigsties faymation BAREAYR AisFPC R ne or nore

pair f alternati.ng.lavers.of high r reabi .l ng. .l ermeability may
be. oo Fampbpb i idhe o K RaProat b He LB P! BURELET Tty e ow
per NE@kdirhdnY, thelifje@ioR ffnSidnGthy BFRAFI PR eredt&fhdnAb&E t 5991 n b pari@ldHN. can . .
conprise a natural gas formation'in a gas accunul ati on zone. I n another
pr ef prefereld antiadihheie e injédtien fhegeie cat ieaepaciied from the ground surface by one or

more pairs of altemating layeré 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
penneability and low permeability may be af least three pairs of altemating.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




the biosolids can generate a gas selected fromthe gragp isghgng of
carbon di oxi de, sulfur dioxide, hydrogen sulfide and coﬁggﬂzt@ons of the
preceding. In a particularly preferred 26 January 2006 WO 03/011398

PCT/ US01/ 30969 3 enbodi nent, the nethod further may conprise decreasing the
rate of WoHd0yad¥ser at ed carbon di oxi de, sulfur di oxi dePCHiyEMBepsh sul fi de or
conbi nation of the preceding by performng an action selected fromthe
group consisting of blending at | east one waste streamw th the provided

bi osol i ds, inoculating the biosolids with at | east one species of bacteria,
changiibgd SHRE, i R5Rh hAdid\EnbiRd 2abbhi ty of the

bi osol i ds, gggfleng at eaeg%]ﬁgﬁétgﬁ%%em ca oeit%he blé(;%(t)ll I ds and a conbi nation
of t hidoxidecadfir dipxidenhyirpges fselfidedr comtbimditioe nf the pheeeding by perfoapinfgant her
conprise creati.n ractures, within the injection fornmat| bef ore
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bi os s to an inection site by pipe beforé injecting th losolids. In a
par t ithatempdrgptuper effthe biosblids; rchangingesthe salinige ofre hisdolidanaddingtah teastamapri se

nmoni‘t orin regsure. in.the injection formation at a tinme selected fromthe
grouﬁg‘?@ﬁgit‘gfq& S dsggp&pgmb#téqgtqfﬁlbegr Bosolids into the injection ‘

For mat i on, - dur gt e kel e leall AR csde e dfiRchds 1 1 O

formation, after”injecting the Dbiosolids into the injection formation and
a comnifhinsthé tnjectibn fommat e ijecting the bioselidsrintedheinfeotidrmiormationhdn et hod can

fur e SoUBEL o Lnciceonn L1e LRe.Sl e adatbon, o s proso 16 by
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biosolids wmth “at |east ‘one species of bacteria, changing the tenperature
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one chemical fo the biosoljds d.a comhi nat.i,on .t .preceding. In
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conprise al'l ow hg thane to be generated by the degradation of the
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the injected bjosolids, after injectin e biosolids into the, injection
formation. |n BapHs WWEF’@P@&P@ Wﬁf‘?m‘frﬁémgﬁlféat%‘?f net hane
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group tonsisting o ng at” l east one waste streamw th the provided

bi osblending ati least omessvastegstichm vithabopiodidedvbiobolids, ineadating the biesphids wih of

bacterja, changi ng. the tepperature of the piosplids, .changing the salinity
601 bagfarin, Ghager gt et BOSOES; HENIRELET i o ang a
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conbi il 8Rme bidstRisPhRESH: Mst 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




I n another preferred enbodi ment, the chem cal added togt ids is
potassium In a preferred enbodl ment, the degradati on@gfJQﬁ geﬂl(glégééol I ds can
generate a gas selected fromthe group consisting of carbon dioxide,

sul fur dioxide, hydrogen sulfide and conbinations of the precedi ng, and
where tWO0B11B¥Wd nmay further conprises decreasing t hePGTAHBLIIEanuary 2006
WO 03/011398 PCT/ US01/ 30969 4 of the generated carbon dioxide, sulfur

di oxi de, hydrogen sulfide or conmbiqation of the preceding by performng an
action selected fromthe group consisting of blending at | east one waste
Str egPud delerhR@ cbOYY Hid@ide BufOdib£lge, h zmgeﬂ AlfidedrichAbA@mfiggs Wi th at | east
one -species of bacteria, changingt enperature of the biosolids,
changirengdinf by seﬂfcr»rmmg/amﬁcuomsl@teds’mm te grougddnsigiing of blending grieastoneni c al to
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provided a nethod for the disposal of biosolids. The nethod may conprise,
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sui tabl ect| can be creaf d, .an.in formati on may be
O R RN e s M
- of alternatlngfkdcaxiﬂgs;anﬁménegiboqimmﬁmlbres‘emmﬁdnmwfa&ihmeaﬂawﬁedw Next, the
bi osol i ds slurry can be injected into the injection formation and al | owed
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I njection and a conbi nati'on of before biosolids injecti during
bi os clterdsing hyecofihigh pameatsfity and Ibqu&ﬁieatﬁlsty INeketht biosolidd shursy i & er r ed

enbodj. % 0. f st one |
cour PG} e BE L opBhach B bR GRPwae, Bl Bl R s BP0 1 2 st e
wat ermork fRaa e 6t mwmﬂamgmmlofmtpem@emtmmaw efincabilidbovddest ri al wast e
‘and a conbi nation of the preceding. In another preferred enbodi nent, the

i nj edyitcHon Paraen ¢ap ke wamitopd duting adimerselgiest fromi ibo giowp wasiging pHhefes? ound sur f ace.

In a rly gzl may be
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anot hefordbiedofias REbco) @diing bibsolidh Brjeciipreadd «Ber biosdlids igertiomy have a
tenperature and the tenperature of the injection formation can be greater

t hat about 250n alprefared embetimen teershyndii ofbiosqlids ¢pe be dérived from atfleasirat i on nmay have
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I eas
treatment waste, animal waste, non-human-non-animal industrial waste and a combination of -
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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 permeablhty and low permeability can
comprise shale. In a particularly preferred embodiment, the one 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




| ayer of the one or nore alternating |ayers of high D%?ER‘MW and | ow
pernmeability can conprise shale. In a particularly preferred engbodi ment ,

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

“perneability may be at |least three pairs of alternatin I rs of high
per meabV L% 380 1 ow perneability. In a preferred enﬁﬁ%ﬂ%?”t he injection

formation can conprise a natural gas formation in a gas accunul ati on zone.
I n anot her preferred enbodi nent, tShe biosolids slurry 26 January 2006 WO
03/ 011398 PCT/ US01/ 30969 5 can be injected into the injection formation at
a pr essbtigecediifitb diedujectivrofoonatian & agressuresi fliciantrio ¢reaednd mesitainirachires t he sel ect ed
I njection formation.  In a particul ar|l refterred odi nent, all ow ng
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per f or ni ng an%@?ﬁgweggpgﬁﬁﬁt’%ﬁmﬁ bmgtpﬁquﬁfﬁ’é‘gﬁ?rﬁendi ng at
| easiye ARSendtSd Eurblid oMUY stifturt digiide!, ﬁyc%regeii. RIS ok koibindRaGEkRL i Ng the

bi osol wth at [ east one species © bacteria, changing the tenperature
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into'the Injectron formation. In a particularly preferred enbodi nent, the
met haddiogat 1éast ericenhemisalppithabiosolidrsqnd mtcombingtien efche preeading. dsahdtber t o an
I njection site by pipe before injecting the hiosolids. thenm%:t%;leferred

r

I
enbodFlered epeimpty the prethag can fihes o Fred e MBS PIRG C5resEire in the

i nj egbifod %fé@tiﬁjeéﬁn?_tm@bibéoﬁﬁs R (RE Infridd RMMAdA. Fha'YRArkREAySting of before
injecting the brosolids into the injection formation, during the injection

of t hefdoedembddiisent, fHeandiivd chrinfufthdr caifiprist Qampdriingythe slccted biosylidctbiang t he
bi osql.ids into the injection f r.gsaph' on and a conbi nation of the preceding.

In afyeenr S’&r‘@ﬁ‘pé?er}é‘?fo_ S CHDgEhf bi CHE- met hod can further conprise increasing
~the rate of %9@%@%&%&&%@%&?@%& o RSO i EnSfteRGl! ON Sel ect ed

fromthe group Consisting o at least” one waste streamw th the
pr oviinithd ixjéctien Farogtion atadirhesciengd filom the group consisting phbefore linjesting thee speci es of

oo A AR BS Bih Seaebs  DESGmSERRR, ho 3
CoMDiehiaa o) aftéy i%ﬂg@tidﬁr t8E BIsAIMs ikdh if@ibh Fthdfidry ard £doRibiRfloesioggdi ment, the

chem cal added
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
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DESCRI PTION In one enbodl ment , FIGBRESesent invention is a nethod for the
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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

eci es of bacteria, .




natural geothermal heat in the deep subsurface. Bi odeggadalaqopgoduces

- carbon di oxide, sulfur dioxide, hydrogen sulfide, methane and ot her gases.
The generated carbon dioxide is absorbed by formati on waters because it is
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conversion into usable energy, or storage for subsequent use. In another
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in this discl oghé Rethbd6f the prsenPin&itioh &l nbw bel@fsbided iAngreaRt vélaipar ticl es of
matter that are dom nantly conprised of organic material by weight. The

met hodrsefa sulfeble supplyraf bjoselids is pravided. | Inavelsaediesbadiment thabigsadigs er det ai | .
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ento N l.aLection formation. In a preferred enbodi nent, the

bi osgPiﬁ%smjg&ls%Qg%ﬁcf% " by the present method will be derived from nunici pal

sewage or wast apreferred erabidimert, thebiosslids dispdvediof r thelpreesit higthod maj or
met ropgl i tan area. Minjci pal sewage wastes conprise human bi owast es,
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ani Mgl WAL ERtGA wikEe Medfthrdhdn O tRGcipal $38¢ &sERLGEH & Sivents, acids,
| “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
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surface to allow Injection 1N a cost-erfective manner. In a
par t iigjettionl iy a postieffectied mandeodilme particildrly prefesred ermbodiment, 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
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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
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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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inreal- time. Additionally preferably, they should include variable speed
controls linked to the nonitorindlsystens that permit the control and
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a pactkasspori. ozt preferxed embadpppand dowaves, the bidsolids are tepnspapted by pipgdph of about
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i rmeq;rg{gti@ﬁly detect any leak in the tubing. If material injected down the
tubing does |leak into the annular region, the material is still contained
~wi thin an out eNextt aedqueeisisiugry is preparad pithe hiosalids tasherinisotedito e a cenent

ot retery eifrorBidol” rabpRgis e bl g « Bofl, N o8t on "
'si t e.injERfontof #RHAAOKASC TN sBfmBy, fehsOREQte sitddaiedaéd and Mixed Higf er r ed
enbodi'nent, however, the biosolids are transported by pipe from
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=We'*t

_(1)




the source directly to the injection site, which is I%agaﬁga@%@éose to the
source of material as practical. Next, an aqueous slurry I s prepared of
~the biosolids to be injected into the selected injection formation.
Creation of this slurry is particularly preferred to allow the injection
of the BYQEHHE. |n summary, the biosolids are sized®CHESOHINEY and ni xed
with water to produce an aqueous biosolids slurry that is a consistent m x
with no oversized particles, andigs suitable for injection into a
perforated cased well bore and injection formation. In a preferred

enbodiyiEe W =and2h e aiitiSinfdcted solids ShablBfie MoEbefAedSRE Aleq, WoLhadRgof ef ficiently
under the conditions present in the selected injection formation. This is

ac conjslids fepapited ne a5 dacpn epeffipiens Had calimén in ganeriabigie yalue pf lopdk daperd of t he
2 . el . oG . t strat
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the injection formation and | ocked in by the natural stresses present in

t he i Yipldingiagmlue dprtqf betweam4Q-p2% degiadatiopensieps. t KorLopdmious wiegliitat el y above
the igj ' tiLan. . 5’3151@ ‘Qﬁ%iﬁﬁuﬂ" 4 1 Hnder go

' degra@gt‘s}fil %%rﬁ&%@gfeﬁgnﬂg@?lggﬁﬁv%ﬁ%fm [ ﬁ %I%(rj{sf X vé]?]e "A’B@%@‘Jé@&ﬁw&f %rngﬂundergoi ng
~anaer hbilhe massgé ghs produced wilbini gemdrel tefequit g the ambom of solatile injéutedlisokids from fir st
order Kkinetics: WWe kt (1) 26 Jgnhuary 2006 WO 03/011398 PCT/ USO1/ 30969 12
ther ctegEaiR i fyPiEs] &Ffrm@s'?%@ew% ﬂ?ﬁ}%@grég&’t)» fraben dotidedddrdded after tine
t, = S o 0ff | ds deposited, k = decay coefficient, and t = tine. In
gen\e/\?[gFH%El'ea@arfySgd%?' k will depend on a variety of factors including pH,

- ‘tenperature, sl additionto thexmeachpniabprotecticmrpaiotideddynie infectientelt dmigapncent rati on
of solids. Typical values, for the exponent k are on the_order qof 10-3,

yi el eawi{_ Otffiwnwwdesiymle%fnegw ARRIPRIELR ictigRforalion witho

cont | FHBHR ovEHyRd bler ank BEFFEPOHAL 1he raz@&t%{e_tfﬁh praeEbl lifgydef fer some tine t

is deter I ntegration of equation he masSs of gas produced wi ||
i 'n gematimlonheeabtme recomirtgtrnd display bf messue ragpohse in thedujeetibnsohd, dsthedegr aded and

is typically, c osed mainly of t han 50- 60% ,  carbon di oxi de (30-40%,
i 1 oo verag PR PERADTR Polichs DS £ HETEE RUMSalo BRBE ect i on pr ovi ded
by 1 N@niaflinfht fYros08ds' in #RSth@ftion formation. Any breach or deviation from anticipated

. injection behavior will be noted while material is still far below the groundwater, allowing

immediate remedial action. Additional process monitoring can include several types such as
pressure 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




and the natural protection provided by the selection q%‘%muaggmg@riate
Injection formation with nultiple overlying barrier and buffer zones, the
present method preferably includes a continuous real-tine recording and

di spl ay of pressure response in the injection zone, in the first overlying
hi gh peWﬁ’é’a'BﬂP?sty zone, as well as in the wellbore affdfUfl3®E ensure
contai nnent of biosolids in the injection formation. Any breach or
deviation fromanticipated inject3on behavior will be noted-while nmateri al
is still far bel ow the groundwater, allowi ng inmediate renedial action.
Addi tremmias abnoafifFhig NAL Rl ichnderstobdiby thdse witly sHilkin thy p@Sinduddh f@s pressure
recording and anal ysis, tenperature recordings, surface deformation

meas Utuidiornigraie:em of fe)igiegtion formation, abeeaeh gwstocyfng dieipiesurg itWeas nonitori ng
pressyLe. i . ' r.s:..0f . hi gh
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during hiosolids. injection, after biosolids injection and a conbi nation of
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sevenallboreprdas bel ow t he groundwat er base. Preferably, fluid injection into

~the injection formation, is episodic n order to, . facilitate the nonitoring
of format 1 on bOKERIER eEEd GhERBTETG SR BEHEeRo ERR EEEORE B or mat | on | <
Pr ef Ghahy %ﬁ?gﬂtécpﬂ’r&ﬁ ﬂfe%gfﬁpwaﬂ%k ﬁle%édtélﬂbigﬁ@lihé{ THY R&thirRRaffien Bé ght | y

shut -1 n. pressure ormation”I's analyzed to eval uate changi ng
f or maisedoas af dieaw feahd Akeratwely; alie megghame eraduesi Gnde loff wdengvdung as astdredo det er mi ne

f ti 't i al t aj t i 1| be understood
by | R o e Bty REPHeEy &P fhe FEiRRS BpeseEtl Bof Brnieode Bl osure o
Addi tyifapids i&bqaqb{bxé@ﬁ% %égl%foﬁﬁmioﬂmtﬁ%#ﬂﬁg%@m%ﬁ Prefekdbgy, id ection
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hi gh.biosglidsiare infested downdip beldw ithe watersal ot watersgas contichint hgeolpgic, in order for

fluid to.mgrate out of the iniection.formtion breach st occur and
the. daBugh.o TR Scopiated mptaa s apin iidsrv e Biersls GRS HENS | ne' pr eseure
N anraflachBatiber mation. In addition to the continuous pressure

noni toring and anal ysis, the present nethod preferably includes shutting
~down t he i nj ecMehanamidicarben diogide pradyced dyhe degradaion of binsolidswel | tests,

t d inj ti f ' t tS. t | t L, i nt it
and ASRPInY foute nBfe ko vl peoRela thrian Hipalion atef HekemtRE el of or r e
enboiyBBA HioxidB SvilP be SRRéstei® aergtowal Y§ ARsdl QiR HealiteTrmation 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.




met hane generated fromthe degradation of the inject quﬁb‘jagﬁﬁ,lgims The

nmet hane can then be used as a clean fuel. Alternatively, t net hane
produced can be | eft underground as a stored supply of future enerqgy.
Recovery of the nmethane is preferably done by injecting the biosolids into
an appr O P341E%eol ogic formation with a trappi ng nedfdHOY9 ef erabl vy,
the biosolids are injected downdi p bel ow the water-oil or water-gas contact
in a geologic formation. The genddated net hane and carbon di oxide wil |
then mgrate upwards due to gravity segregation. Methane and carbon

di oxi de producgd clybd dpprediagdaciat itleninjeétidni fomeltion & filled @ndlihegndtiané he present

I nvention wi || percolate throgfgghrf_qrnﬁt i on water where nmuch of the carbon
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t he carbon di oxi de conponent of the generated gases wll be significantly

- abs orfiresentdoeshadoingihdes waereasing dleeratesaspodsiut ionyof afdesinatide produasksugk as el ati ve to
met hane. Second, .. the neth ener.ated according to the present invention
i s aftcaﬁ%oﬂ lﬂ"“%r &@ﬁﬁ@xgﬁéﬁ%‘%ﬂémgé‘%nerat ed by surface landfills and
requires | ess porgxampR] @B rit©bf HibRAARIRN cahl € incredsed Y hajukingQfe WO 03/ 011398
PCT/ US01/ 30969 14 As can be appreciated, once the injection formation is
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present nethod includes increasing the rate of biodegradation of the
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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,




properties of the biosolids slurry that is injected in tion, or
by a conbination of these actions, to optim ze the bi%@é%&%&é?‘?d(;éﬁ pr ocess.
I n anot her preferred enbodi nent, the present nethod includes decreasing
the rate of production of undesirable products such as__ carbon di oxi de,
sul fur &f%@?fog]égsand hydrogen sul fide. For exanple, thePGTAYAVEP6?
bi odegradati on can be increased by adjusting the tenperature and salinity
of the aqueous slurry so that thelbfesulting physical properties of the
bi osolids in the subsurface provides an optinum environment for
bi odegoudibd finsly gundpotishdeldppewhiek caftaiamitasiia tiut ésowly ilibetaled ibi osol i ds and
native to the inpjection formation. |n another Qrefetred, enbodi nment ,
bi odeWHABdaritninflugnee of agueqys exppspE gl tegiPerRagesgd RRF S AFOe natural or
genetically engj | ‘ : ' ' iWaf:diadq hjgct i on, or
after injecti ogd.)trh?'ﬁ%lsﬁi ﬁggé g?lﬁ%%\ﬁgg%ﬁ%%bg@h@ @E\lé’rgélgg@d'tbﬁgﬁdecorrposi tion
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or organic agents, such as” those that alyter acidity, pH, or oxidation
pot erhi¢saligs shhrry. cBor examplddewastesoutee righ ds phidsphoreis ean gomefromiechemigate pur poses.
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pot assi um such AgtheS&athiBles scid WasROiRHAS oMM BRséIESdhe t00BEr e added to
an injected biosolids slurry to pronote bacterial growth. In general, it
i s pradiabinits guchiastwastestreases from gt productien faciljtiest buorderdepromde sl urry be only
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addition to the biosolids slurry, therefore, 26 January 2006 WO 03/011398
PCT/ UgateBgdesp 15 woul d be finely ground potash fel dspar which contains
pot assi um t hat, i | | ber ' ' t l. of aqueous
exposure, hi ghInt)gﬁ%Aeoﬂgf é’?aéﬁ %r?gﬁ"gagg% ernlca%a}ligﬁ%e%{%dﬁ%&e%ﬁ)}%%&?&ed
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or al atrng w
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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bi osolids slurry. For exanple, a waste source rich inzgggﬁmggw can cone
froma chem cal plant or from phosphorus-rich gypsum wastes
("phospho-gyp”). I n another exanple, sone waste streans contain sterile

bi osol i %Oq@glé’%'{). their alkalinity, such as waste st r%}’%’g paper

product i'on ties. In order to pronote bacterial I on of the
wastes, a second waste streamwhich is acidic can be blended wth the
first streamto adjust the pH of tlhe streans to pronote bacteri al
~degradation of the injected slurry. In yet another exanple, natural or
genet vagigs htythemisichencoodativacicpshy antigiparedby the geesenttinveation, syichbas &mbi osol i ds
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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
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The nethod for the disposal of biosolids, according t%tJQﬁqu%g@t
i'nvention, therefore, has several advantages over the currently used
techni ques. First, the present nethod reduces the potential and real

I npact on surface waters and groundwater that can be _associated with
surface MpPHERR i on of Dbiosolids, because the biosol i FS/HOEPH ect ed
significantly bel ow any usabl e source of groundwater. Second, the present
met hod requires significantly |ed4% surface | and area than | and application
for disposal of an equivalent volune of biosolids. Third, the present

met hogvesbnedenrodks p eifer ale thic metiahd possiblechas bechaenerhtad by i thidegrbdationli sposal  at
the site is _conpl et egl. Fourt h, Fe]cause t he, bi osolids, can be punped to | ocal
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rel eased, into the nosphere as conpared to surface application of

bi oscofFails SEeetlayse ¢iiClfane  produced by the degradation of biosolids

according to tRg PIreRRtheTRbARE (GRS IEOWhRE R DidsBlids MRy, A3, ¥s ener gy
source. Seventh, biosolids ‘disposal according to the present nethod can
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the method for the di sposal of biosolids according to the present
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screenin 1 XI ng. endi n process nonitoring and punpi ng equi pment) for
the fbd?sHﬁcpsasﬂr%d@fng%q ?og&a(gio&p{)%cg % ds slurry mxtures for injection into a
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well in an array of injection wells) that is cased and cenented in such a
- mannegenerated by the tipderradation prasessi fuecmpymenpeesyenasallyibepaushiat ed over the
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PCT/ US01/ 30969 17 overburden rocks. After all the nethane gossi bl e has been
gSand rel atively

: l-. ow Qﬁfoﬁﬁ?ﬁxie lub&erd%i%%iHMﬂ%e ficﬁxicf iiigﬁaée&eﬁt%rgc%gs, 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.




and ot her organic nolecules that were not biodegradabbg jah,4{)eos®nditions
inthe injection formation. The sequestered carbon and ot hefr organic

nol ecules will not enter the atnosphere «creating greenhouse effects. A4
represents the injection formation into which the biosglids slurry, A3, was
i nj ect eh‘?o‘}équgs of sufficient porosity and perneabil ilfqﬂé%’”f%‘”accomdat e
the excess slurry fluids without |ong-term pressure build-up or
interaction with shallow, usable g8oundwaters. |n general, the stratum A4
will be chosen as a laterally continuous stratum of sufficient pore volune
and- fl ow path A8meeesenty b byrfask fivilay foxpewtr generatian thar daaluee thé kxttaored wat er

expelled from¢the biosolids, slur during the conpaction prpocess. A5
r epr SBERRATE 2 ﬂéieéﬂlﬁﬂefﬁﬁ %Wc&nél%%{%wg?%ﬁmmﬁ bg T’bépﬂ"rgflﬁ%ﬁﬁl@ gener at ed
by thg cQﬁsﬁHx@%rf@ﬂﬁﬁﬂe%? BF RE6ESal u%Qﬁr%%gﬁfrgése ccurs naturally because the

met hane 1's of a speciftic gravity that 1 ‘ess than that of any
interstitial water, and therefore tends to rise through the porous nedi um

~displacing liquid framthe pores. A6 represents the poroys and. perneabl e
strata where tm(?’t’gg‘ﬁﬁrpées Ypespen @WF@%W“?SR "\.ﬁﬁﬂﬁfl‘%aw g?‘%‘??’gh and pore
- 11 qui glfefins PIAGRIR PrefBfACAHRdinRnd, $th&"81ﬁﬂaﬂiﬁfén§tafeaﬂo§siblkh?09@m{pﬁt, ed met hane
can be extracted for use. This zone, A6, is a "trap" for the evol ved

met hahempbod afibe pfesent inventinbicen brearplied ©ahe disposdiof sedids wiliecthasan be in t he

f orm of ructural . closure wth fol ded beds that. f.or n inverted bow, as
showprosghes. AtEER, ine iR ppehed oS BEHT oo U BB B "ahown. 11 a
combidastripAbn 6f préfefed ¥RbodRhenty onlRd @i MBI diglvkirebl € di sposition of permeable
and lowperneability strata. A7 represents the rocks overlying the
injection formation that are of sufficiently |Iow perneability that gas
cannot flow upward through the pore space. Al so, the overlying rocks A7
are non-fractured, or are mninmally fractured so that the nethane cannot
escape to strata of higher elevation. A8 represents one or nore
conventional gas wells that extract the nethane fromthe accunulation site
A6. The gas wells, A8, either exist at the site before the disposal
operation begins or are specifically installed as cased, cenented wells,
perforated so that the gas can flowinto the wellbore. Depending on the
configuration of the strata, the nethane extraction wells A8 may be
vertical, horizontal or inclined. 26 January 2006 WO 03/011398
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A9 represents a surface facility for power generation dhpdnuaabgése the
extracted nethane as a clean energy source. Alternately, the extracted

nmet hane can be shipped directly to consumers for home use or industrial
users for other purposes. Although the present invention has been di scussed
in considerable detail with refdPence to certain preferred enbodi nents,

ot her enbodi nents are possible. For exanple, the nethod of the present
inve@%%ﬁ\gs_can be applied to the disposal of solids other than biosolids.
Ther . the scope of the appended clains should not be limted to the

descriptipn ofA Rieflo8afe SRR JTBNESIdR AL flefRd chRplithg di sclosure. 26
January 2006 19 CLAIMS: 1. A nethod for the disposal of biosolids, the

nmet hod caypravilimga supaly gfbipsoliisng a supply of biosolids; b) creating a
slurry of the biosolids suitable for injecting; c) selecting an injection
f or mat i orP)cFeating aslugpaf the bipselids syispblsfotimiscdt f ace by one or  nore pairs of

21 et nat | 0ol e’ 0Ledth SRBLIRAP bl 2ok QU GHTRARL e of) 1 1 ecti no

the bi osoﬁ! _ njectiton rimaticon; "e) al'fowng the

i Nj 66618 Paidd STAREIEEneShHrS Of High SLRREMHRY afRw periBABiIltPr | N pressure in the one
or nore than one of the alternating layers of high perneability and | ow
per meabi |d)injectipp e Hidrelidyylact intrthé oyartion fommetion; ng a time sel ected fromthe
group consisting of before biosolids injection, during biosolids injection,
after biei_é‘]z‘?“?’la theﬁillé‘tt?‘%‘ﬂmgﬂﬂﬁm&ﬁﬁgﬁgﬁa&ﬂ of before biosolids injection,

dur 'ng_bigpaglidin OLGSGA N AR AL ElhaPbRS0 hIRLOUESILAR ofyal e Method of

claim1l, ere Injectio ormat1 on conprises a nat s formation
i N Pegacbiiee didl e ipeitneability albve AhdTitjEuidn fBmdiBe dtisPas@he géledtbdsol i ds, the

~method conprising: a) providing a supply of biosolids; b) creating a
sl urfrom die greup isprsiting i befiire isiselidsoinjectigne shuring biasplidseingrctiomgfien i nj ect i on
o LR SSla 0 ound Sl acs oL SR, 2 el al ges bpgmtion [n 2
oL TBEHER Bl MBS, et Lo creel and mntain [ actur s w i
~i nj ect ed 2bi 0sathi detliddusf glaim 1, where the injection formation comprises a natural
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




4. The nethod of claim1 or 3, where allow ng degr adatjsop .0 taggi Nj ect ed
bi osolids slurry, generates a gas selected fromthe group chS|s?ing of
carbon di oxi de, sulfur dioxide, hydrogen sulfide and conbi nations of the
preceding. 5. The nethod of claim4, further conprising decreasing the rate
of the generated carbon di oxi de2¢sul fur di oxide, hydrogen sulfide or

-conbi nation of the preceding by perform ng an action selected fromthe
group caonsi sti.ng of bl endin t |easf one waste _streamw.th the provided

bi osHEieaE, chapgiag) fhet PREERME & e bioralics, preias tlvee%?élw%ﬂgﬁ%&m% »of 26

Janugy DRgLEn | ' . r r .1 he biosolids,
chaﬁgpﬁg%?ggﬂgg |n|t§ﬁg ?EEQ@?%E%?%QE@&ﬁggﬁfﬁgﬁ ?xﬁég't one chemcal to
the bi osdd.i ds andtadFordé gigpdsairolosblid, (e arbbdrgmplsinA met hod for the

di sposal of biosolids, the nethod conprising: a) providing a supply of

bi osol i ds3) pvidingasupply of bisolidsy of the biosolids suitable for injecting;

c) selecting an injectjon. fornption below a ground surface; d) injecting
the bi osdPic tlggﬁ%}"?yph&%b’coﬁ%ﬁa%ﬁ]"@ﬁtgﬁlnife&Pﬂ%ti on at a pressure sufficient
to creat 6208480 tRbdioh CAGHE £B1 MW b ] -5el ected injection formation;

e) aIfowﬁ%g déﬁ?éﬁ?@%oﬁ o} t1é$?%%%c?g§n%?%golﬁds slurry, thereby

gener at i nd) injegtg ths blosslide dluftydnitotthe infcdonp foxmatdrs it aygressiirecsafiizdont di oxi de,

sul fur dioxide, hydrogen sulfide and_ _conbinations of the preceding; and f)

" decrie geategnd mainizin faegipres withipdhevelacted injgetispdomnagignide, sul fur di oxi de, :

hydrogen . sulfide. or .conbinati.an of.the. preceding.by performng an action
ot eoted 9 Pl rIRER S Se R PR SR ) SR IBHE Bot o ot ream
Wi t hefbq Woﬁﬂh@%?qﬁ' é&ﬁﬁéth{g_ f chibBfy ‘dlcﬁide!‘&lﬁﬁﬁioxﬁie?ﬁﬁré A sWifdB 2A4 | east one
speci es of bacteria, changing the tenperature of the biosolids, changing
t he oailbimtidns offthet precedingsoldi ds, addi ng at | east one chemical to the
bi osolids and a. conbination of the precedggg. 7. The nmethod of claim3 or

6, wher e f) Hecrpasingcthp gater ofr thegewsmated carbprm dipxids, swim dip¥ide, Jweipgen sur f ace by

one 0f.1or.e irs of.alternating | ayers of high pe bility and | ow
‘per RS g gtBiratir) of (he ritecifng B pefthimiine o s sl i Wt or 1 ng
pr e%%%i;ﬁiﬂg'bf%fbﬁdﬂ?%t Rést ofi®W8sté SAAmOREn ik prdVidadltiRbR@& imdeulhdpane of high
perneability and l'ow perneability above the injection formation during a

11 mbisselidcvighl af teash drisespericsugdl lmotesia,sthanging theltemperetuld oStk ibitsolidsnj ect i on,

during hiosolids injection, after biosolids injection.,and_a conbi nation of
bef ghanging the salinity of the biosohids, 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,




bi osolids injection, during biosolids injection and a | i ds
injection. 9. The nethod of claim®6, where the inject?ggé?%% §??%n
conprises a natural gas formation in a gas accumnul ati on zone. 10. The

met hod of any of clainms 1-9, where the supply of biosolids is derived from
at | east one source selected frogithe group consisting of nunicipal sewage
waste, 26 January 2006 21 waste water treatnent waste, ani mal waste,

non- human- non-ani nal i ndustrial waste and a copbinat.ion of the preceding.
11. Y W BERUBEnt apasten Figpk Mae: 11og-hugaamon-ppigal fidustrialokasiomtt i on is at

| eas bel ow t he ground surface. 12. The nethod of any of
claﬁﬁgm?gggﬁaﬁgggﬁ§ eg$njection formation is from between about 500 and

about 3, Q0 neltRrethed eManyhd olims 1D, Siliefeaibe injdction Thgnatieh st 1edst any of
claims 1-9, where the injection formation has a tenperature and the
t enprbpet 10P anetars belew thej sseundswfacsr nati on is greater that about 25C. 14. The

met hod of. .any gf cl ai 1-9, ere the.injection. formati on has a porosity
greater tfan aﬁl‘?u‘f‘e@%&?’fﬁo%ﬁ Mt oa"hﬁfé %Faﬂu op _Pna}tl,onvﬁﬁgﬁ’én at |east one:
L ow gt R ARt isbY aldBbehie 0600 thdlérs BRBwahe SBLAI Rkh& Nating layers of high
perneability and |Iow perneability conprises shale. 16. The net hod of

clainms 116t 7, Thehmethod o€ aapefaiainorke9pehers thé igkdtonnfatmatipn hayers of hi gh

permeability and | ow perneabiljity is at |east three pairs of alternating
| ay demgpergiprering thedempgsaire of the ipjsefiondarmationdsasraterithat abut 2¥¢a et hod of any of

clainms 1-9, further. c risi creatjng,fractures. within the injection
ormat i ortther a7 THPELET ) RGPS et fs Hfdion olmitba iRl nmt 1 on. - 18.
The JaRishe GreRier BAY afut €491 M8 . 1-9, further conprising transporting the

sel ected biosolids to an injection site by pipe before injecting the

bi osol i dd5. 19.ThEheetinek dfodaimk 1aory7, ofherd atileast dnedlowf parinbabilitg dager ofi ng
nmonitoring pressure in_ the injection formation at a tinme selected fromthe
“gr ol euher aorhalicsratine flaiees pinlugh ticrpcabHEy and s prigeabiitoCmRIISThHj ect i on
forgg@%on, during the injection of the biosolids into the injection
formatron, after injecting the biosolids into the injection formation and a

conbi nat i1gn OfTHehfethdd SCERINRT 029, while (HEbROEr RlorPirsAf dlediatiBg 1- 9, further
conprising increasing the rate of
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




degradati on of the biosolids by perform ng an action I m t he
group consisting of blending at | east one waste stregﬁfﬁﬁ@%ggé@?provided
bi osolids, inoculating the biosolids with at | east one species of bacteria,
changing the tenperature of the biosolids, changing the 26 January 2006 22
salinity of the biosolids, addingzat |east one chem cal to the biosolids
and a conbination of the preceding. 21. The nethod of any of clainms 1-9,
further_ conprising allomjn? nmet hane to be generated by the degradation of
t he sahp@wgtge biogalists; afdingal Iqagtcong chemigalfp iretiesofidnanpdg eqmbipetiopwd degradat i on
of Hggpin' ted biosolids, after injecting the biosolids into the injection

f or nat Pon: . The nethod of claim 21, further conprising increasing the

rate of net hanphe AGART $Han® Bf BYinREN-, Aifhed dordprishid AIRRiSEheGiRdo be om t he group
consisting of blending at |east one waste streamw th the provided

bi osgenkmited byoeddgeadatien ¢fithe Injested|tiatelidsi anl reqovérsmsnetbans geagreted by of

bacteria, changinhg the t erature of  the hiosolids, changi.ng the salinity
of e depPaEion; ofet emt% Shboridsnaercmiscitiee eclaPSOihgs g 1By GRS and a
COWQ%Hﬁ&kﬁn of the preceding. 23. The nethod of any one of the previous

cl ains ere the chemical added to the biosolids is potassium

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.






