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METHOD OF DEVELOPI NG AND PRODUCI NG DEEP GEOTHERMAL
RESERVO RS CROSS- REFERENCE TO RELATED APPLI CATI ONS The
w@e@sooms2appl i cation clainms priority to and  PCT/US2005/022305

i ncorporates by reference the entire disclosure of

U. S. Provisional Patent Application No. 60/582626

filed on MEEHOD OXDEYV, RING AND\RROBYLINGat ent

Appl i cati on NDEERGEXVEHERNAEIRERERMOIRS y 7, 2005.

BACKGROUND OF THE | NVENTION Field of the Invention The

present invention relates to the drilling of well

bores, GROSSKRIHFRENCEEO'REEATHD APPLICATIONS ON

and/or utilization of thermal energy fromrock

f or Al iPB¥SNhERbigetion plaInY PRIGEY kY andhéncegparges by sefrgnce the
entte FREIREADTS. BESEBRAI PG QI Ca Rl REAGHSHIAE MEIBn June

tenperatures are found in nu ous sitespecific
23| 2004t andri$.Sa Prwiwibortah Ragh ApplidAtien Nre tt@@S066vatedron February 7,

rcolates down into these formations, the water is

20feat ed and may flow to the surface as geysers and hot

springs. | npegReGoERAIENDAIF THR INVENTRIN ONS,
typically Precanbrian rocks, having high tenperatures
ar e_@dmé_ahmm_rel: h oever ywhere around the gl obe and are
gen 1y _locat a eper, d hs ' .
P oot e RPRIE I EERT it BRI PEOGNHE, gvett completion
methods,Cald| the SeEdciBAtadd/pr filikation oTahetfral eddig €rom rock formations
[ nﬁér nmeahl e Precanprian formations are generally
benegihdthe siréase @f thefdibheat nay be recovered from these
formati ons by neans of the hot dry rock (HDR)

geot hermal production process in which water is punped
dowhligonywelf Rethtéd Agtd i nt o t hese deep hot i nperneabl e

roc forEEti ons. and, heat edh.b}g cont%ct vvitth t@e rock. .

| CROPBEEEPIVEIG LARRAYI MEY S GYRES Atst IOHIS i Bimerous site-
speetid loBAtRMt aRRINWAKK gRbe C VRESS mRRGrE vt REcdlREs 8dvén into these

water to flow through to pick up heat, as is the usual

forgatiens, theewatecis hieatedyad malyiftoay to/the sadaceraseyesrpanshieisprings.

f , t . o) i u . .
mffitafe’ B FollE CUtlioRY IpRAR, Chreladtbibrl "RAS, Hige, ieh
tenipeeaarekiiR foﬂﬁdirlahhcgun svirgwiheeessurristhalylobehued. ard getdeyally located

energy is suppl.ied primarily by fossil fuels such as .
at gerRrt denths thapdhigh demadaue P@wablee%,eom Fraie eighe Gpieally |
seBhBRGHEACR th hAuRe THEsS RS HRR PYedabtinf fERBRbhY are generally

considered dry and heat may be recovered from these formations by means of the hot

dry rock (HDR) geothermal production process in which water is pumped down a well
drilled into these deep hot impermeable rock formations and heated by contact with the
rock. If the rock in its natural state does not have a sufficient network of cracks and
fissures for the water to flow through to pick up heat, as is the usual case, the rock is
hydraulically fractured to produce such a fracture network by means of fluid pressure.
Various means to continuously circulate the heat from these HDR formations have been

established.

Today, energy is supplied primarily by fossil fuels such as coal, oil, and gas.
These resources are finite and are expected so to be in short supply in the readily

foreseeable future. Also, the use of fossil fuels appears to cause serious environmental
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foreseeable future. Also, the use of fossil fuels

appears to cause serious environnental probl ens.
WOR0o0d/dves25s the United States currently inports paTIERYS/022305

percentage of its oil. Dependence on foreign oil is

I ncreasing as donestic reserves dimnish. Thus,

devel opnent of alternative sources of energy is

S [T{arcYe) f Sn Ok o

P Al S8 SRl Tl o AR pEAS s oil
Dependensheore. foms@llgmemrcasnigl ae demdstigaresarvésn dinhigish.  Thus,

at.nmospher roduce aci re broyght to, .
a<GPRRBNOF alfiplie e o asr i i RSy on IR Bl is bumed,
sighifiGant ﬁﬁbﬁhtﬁ af fulfubasd AitdebiebadePus ralbdses to BB aBAMPhES. These

and plant life. On a nere |ong-range scale, the

gaaffsmm@? &ithayatse indienatmgspheea s Brasice paids, gkieh ey Brought to
f C u e
eaﬁfl C}Em daM(; é‘\g\n\ﬁgélo?%e Iéggré%)%tug&[ %lsmg i %cg& hﬁﬁ Ras® zf dealleterlous
effeetsoﬂl bqlm‘tlctumdmlxrg leé s s inlera dorfguahge schhe tlhe)ﬁtgroﬁpi’[em may be
consequences. of .the greenhouse effect are egrrentl a

WiHH e PGS TUBEE e BTCRIRNS i oFtn YR be; GRgSedrbyt kege quantities

of RatRh di68dE @E’i%g r¥lehddd (thqhd SRMWspREE ok RCEQASES bﬂnﬁl%aof fossil as
| evel and f ing of coastal cities, and i1ncreased

fueles diheilong termaiensgqueinss joff regrechoude Affectpoé nutrengly a matter of

ARy B R RLSF e ) AR S B LA s

leypdsdndc €lobdihy eMdoaveAt bidies,  aaDliftFedsbdt des@ificitivn BEitEatRanet.
an upward trend in at rmspherl c tenperatures. These

E‘F‘éf‘é’P% PRBHIAG to'ward reaesnBayse aftect waaning rln?JrP‘iqugH?rP?ﬁgS i thegrbon

dl&gﬂ\é cBEERI & t aﬁ{(ﬁpﬁégg V@R Qs)f cEtirPMY \Q%Qtl’?ei"rg&%s that seem
Hydr'opower pri ry non-f 0ssi

to smlicat@an ulswsh:rdtttend mreanmsplnem; tenngleratueesn. THayedfaotsqam th &= need,

been, w d devel o man arts of the wor | d, but
to APy BB A i P« LT 3 CAFE O TAKPE DY POF P SIS
total energy needs. Ot her alternative energy sources

ar e Hyb@averf the WoRId's Hi@inaify, notl desil Eres }Oﬂ)ur@’"ﬂs both i 1nexpenswe
geot hermal . Nuclear fission is alrea wi del %qhuse
an

gleans Hydrapewer hassheer sridely devedoned in atakly@ﬂrtm pavorld, but will
neeanﬁ ?‘?hanpa?gﬁlhlz #hﬁ” 'fglééeazgpﬁ% L %ﬁagg&l%{;@ss ﬁ%ﬁgﬁeqnatlve

resu comon ow e suc I NC S as
enMegesoiusbsamd navldar@issionp kolér, wiikt fesia, endl @eotheredab aNuplesefission

. anf s rently in the Ian ng or constructi
is E‘lrg widg gredn Sk s RaEerify oty %eﬁ% 2 ok 94 pybliggppfidence,
paﬁfeﬂla@ly 1ﬁ3hé"@%1t&l BehtdA04Ethe réﬁuﬁthﬁi&g&m ﬁuﬁ\tle&@etﬁesu@ﬁ thcidents

renewabl e energ &:@sour ces, ey alr e Subj ect to
as iihireesMale Isl@nfhan hemebylc o’ﬂt@rq ar@rfswamleaapmw plemts edrrently in

r onl nterm,tten
ot B8 & ol lsBR A S " ek oSt i PP HermotrgRBconyp smal
scﬂe,eisgyis wigdl yower. f althbugh baipof thesobRPREWibIE ¥akre@8burces, they
whi ch are found i n abundant anpunts in seawater.

arq pHRRF S eUSiIETT Gfdeca A h aoFEY GsyEsHfad Sl tnoado deliver
poRt ang/r?ntteﬁﬁlttght%hl Nuél@érrfﬁﬁBﬁ@bg?tfgﬁtgm}? bn BIh R LARARG &fce of

expl osi on des may pass
energy, relying for fuel upon isotopes of hydrogen, which are found in abundant

amounts in seawater. However, fusion has been unambiguously demonstrated only in
the highly intractable form of a thermonuclear explosion. Decades may pass before

ignition and containment of a fusion reaction by controllable, non-nuclear ignition
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ignition and contai nment of a fusion reaction by
control | abl e, non-nucl ear ignitionsources, such as
wo amena2325M | | be devel oped to the point where PUDUSANS/022305
fusion may find practical application as a power
source. Ceothermal resources, in the formof naturally
occurring hydrothermal fluid systens, are being
sol¥R! Qidhef heda willbePd¥ioped lt’&ﬁfe%mﬁtn@ﬁ&}é nasle®! R&lohiB&Y find
pomer or heat in many parts of the world. At present,
prag{iehl epplenatian asopewersopicévi de only a minute fraction of
the world' s energy needs, though the potentla
res
[ SSRUEREBASE AL APUR: 9, SXBAAHITLARI S, Blabtmal i
sysltgmkr ratdwleam@hxpiermhmdgstoqrrevm wkefol edengy ad ¢lectribad pomler or heat
. els with.re reenho S, em ssi ons,
in 5’@H>érp3{t? gt f Vo e S rot&egrﬂﬂkr%rré R5PVIfig Qulycs minute

frabtish SIMREborRPs €ASrRP MeblsOriotiEh @ﬁeoﬂé{@ﬁﬁjal R¥solie 88 adllable for
ener gy- equi val ent anmount of fossil fuel. However,

exm;wxﬂfrt@mhe ofithe sagoerdees§ mpagnityide a5 rfvasécfuglergg:ua@hr cHa)rdrothermal

tent, OCGUMLinN areas, of te
res§ifh B R oA o R s P RGERY ) kBBt Spspigions
ger¥rallyh gelauinlgdordy Qibb@lo ) )pei‘déﬁﬁbﬁ‘ desk aif thBeanupt Off teafbiodNdioxide
of hydrothermal sources. Hot Dry Rocks

pradyipsde 1Y \PUPHBE a#fbrSISFEYr eIk lent naepyte OFru@lfiSILffu?he However,
s B3PS B LRG0 S8, LR YA g e

of sethniceot mlyaﬂnrasadzlﬂyy dFlotsh eranmg [defisei yrathiabitesl p:ﬁ’tseoﬂ-ﬂDRworld are
res C entla u of vast magnitude

pobyfeRerEE ARt Pinic e oE SR RET Aol rrost Cuni | m t ed
source of energy for the planet. Hydrothermal plants

NOWHoR [HER aEMsOTHIDRNDIYHichBY Preécanibriafi noeks, trdaflict iich of the
heat of the earth can be used as a practical source of

globet hUnkles hedrothsema| iwequiresaHIdR dp gyidelyhdistibrted rahout shg earth,
gel?er 1@9 'uﬁ@ér Sﬁ{% ?rlf? |0 nRhta %faQéJ‘ ‘ﬁg&ﬁl%:ni; ?12?%% e§d° TP HDR

ar ger an uni ver sa
resemes gyteneaiosra essourtbef eas veighitedesdnd; Blae fusivg, HDR can provide an

extracti.ng energy_.from HDR invol ves c¢reat a :
aln&?S&ﬁé@ﬂ}lﬁ@ﬁﬁ%ﬁ% PE AnsEEYo s Pet RGO rrﬁr‘sfdg%t erafa?arﬂalrtrbpeow in

opér88&T ¥@hdnsAAe &H&ué&b@l‘ﬁhz& R Rcht @9 tH i tcan bB 'utsécﬁéé ¥ practical
an injection well is drilled into hot dry rock and

sourgelphiboth dhefrmab and clngmpelcﬁmmg}'u eHleaHERursredess ds  fefiead extension
of RS ATl irRYiadt o dub bfice S TL S8 APyl dstBbutea

endrgpedstiliicdg are W dely used in petrol eumrecovery. An
HDR reservoir is thus created, the size of which is

gover ned by essure rate and vol une_of the
hyd&ﬁﬁ FP‘&VGPP G&Fh‘&gﬂ GRUACS| SOErEy iR ﬁ@%@relvqsr?éeaﬂon of

a cﬂfgédéflgrggfﬁlrgﬁgté{%tggi n%dlfllg;%r%g? gf SHDR 3 Hir $hd BRSBSv@ground

equipment. Initially, an injection well is drilled into hot dry rock and hydraulic
fracturing techniques are used to induce permeability by stimulating existing natural
joints or creating new fractures. Hydraulic stimulation and fracturing are widely used
in petroleum recovery. An HDR reservoir is thus created, the size of which is governed
by the pressure, rate and volume of the hydraulic fracturing fluid applied to the rock,
the nature of the rock structure, and in situ stresses as have been clearly demonstrated
in modern HDR completions such as those cited in Geodynamics Limited Quarterly

3
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i n nodern HDR conpl etions such as those cited in
Ceodynami cs Limted Quarterl yReport period ending
wo/keko315 2004. Additional wells are subsequert1/ys2005/022305
drilled to provide the rest of the fluid circuitry
necessary for establishing the closed |oop circulation
system To produce heat production, liquid is punped
Reﬁl&’(\ﬁbeﬁ&? chdih Nt %aeﬂ Mebbea. Neatdatbiy welle akpguﬁs&@}ena{/ dHirRd to
DR reservoirT, recovered froma second [, a
prayidsd thst resh ofeth, ﬂldrll ¢1t®ldry miecessdry foe sestabbishingtthe arlesed loop

e FEatrar y iR sl if paes G e isstion

wellORdatdd yCtik abi Rak oY SeSMDRHES v X GRaRERW Sred tfronl & second well, a
surface are used to recover the heat fromthe water

prodyetiens welln dalled intp dhe) segervolyertesomy distagee figm ther mgection well.
t

ML BRSOty IS M e \5ed NI ind PSS Jor

circrdativar systesatHeah oxdhengaonbt the surddcy am used té reoovertthehemt ﬁem the

in cceSS|b eot hermal sources entially no
WalgL hoT; U35 1D F e@'ﬁ’gé’(?&@r genegation s fey @F‘H’% ﬁ’(‘:Bm't‘ IApPHcRRoNS N frhe pvater

is t‘%&% ﬁgecﬂ&'&to iHeeIbRFRIrAGESH HOeS AR WaL IrPﬁﬁpﬁﬁnner heat
di oxi dé or acid rain precursors, such as sulfu

carj lorx | @mtlnmmsly sminedt Heong aptheryias sinascesgblar gewhnmalorsources
ower. i n:bein benl n _sour
Esse%lxg%lgyeﬁ VentLPﬁ eof ’%a§er?g§ %aglgfa Iﬂélé(#r{e ﬁltle ?nv\fr ntocenrs, 1 s, the

- HDR pHEHRssr d6& WEt Emi dakbd@edﬁaeld@ecneﬁcﬁd gaifit Iﬁaﬂhﬁfrst Sich as sulfur

ggprlze anot her wor ki ng f|UId such as ammoni a or
dioxidsy .andnis, 1ty dhe (samej flags 88 OlaRg Yandc oF iydpopRver i $eing an

S
e R Tl Joff28.cf elere M e A licHon 18 (e epied i
an H3R Atsarvog \Ndiltbmagenbmteostm oy tq vap&bnlzgl andtB&9varkinghfluid, such
designated, L 1 514- M5 d en led "Hot Dry Rock
as %%@Pﬂ'é‘r%ﬁo §r ‘éseNE\RF 8‘|n§f v For the 21st

Century, descrlbes a nunmber of concepts for use of HDR

eneny. PataRNQudb& BIPE85sTERuel ThbRrp i20e3974) dedérdRs the HDR
Japan, the U. S. and commerci al HDR ventures in the

Prqsesse eé@%fw%@mrigsu@é\bé/l thpd@siAlamgp é‘{?éloaﬂdLﬁhQQ'Wré(I ingluly, 1989

R Rl F TS RO OOy RoPRtema Fnerey o

NewaEn@pyg Agthda fPEhd A pet erWry,Sd)eEBBbetsl 4 hedber oﬂckmhceﬁ}tg/ for use of

ock: A v satlle Al t erna Ener Techno) o
HER giehiand erea?rﬁ hexaﬁlam%t@f Fﬁﬁﬁeﬁa St Frapf, elép%y vhe lﬂg and
corf'{rﬁf@i’aﬁ I-mR'\féHﬁ@llresl—lﬁtlHé BERESS ofﬁfeﬁ%ﬁ&t\/ﬁ ¥ iPRRopd 0P Australia.

descri bes the current state of developnen
Thﬂ@eqﬁhﬂmab RepéuseésnGopnarks pem(hsalbf publestiehyn Gdlﬁﬂl}hné‘tﬂllog with

eobtisE oy GBALG00 et PopfoNor naRaln - Hol D Rock: A

verPitls PeRinisive Bated TMdBbg Dy DOV2DRtianedBStH el PRxsfonmental

nodern thou%kt process and
Sciences Div., Los Alamos National Laboratory, presented October 1995 describes the

current state of the HDR development.

The public offering prospectus offered by Geodynamics Limited of Australia,
entitled “Geodynamics Limited - ABN 55 095 006 090 - Power from the Earth -
Prospectus” dated August 13, 2002 provides the most modern thought process and

effort to develop and commercialize a HDR electrical generation system. The
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effort to develop and commercialize a HDR el ectrica
generation system TheGeodynam cs HDR nodel provides
wo ooociond3es pl e "1 ens” of opened natural rock j opP@it/US2005/022305
groups to be vertically interconnected through conmon
i njection and production well bores to provide the
basis fromwhich to mne heat froma "triplet" of
%sTﬁﬁﬂ‘ﬁﬁ)Hef o] a8 4 If IR l?e‘léh?s of _\Sgér{edr@a%‘ral fock joint
oug cont 1 huou C|rcu atio rom an ihjector well
grotups taibe ivpitieally oderconrgntedehiosgh hamnpmciujedéora amt peducteon well
to.i nduce |rect ci rcul at
boi iR AE e B Wi B hY Heats SEAH PP Rl o heat

is fline@ EonPihalrkronastik tlﬁo@h%%ﬁﬁ@o@'cﬂ%uﬁaM&?ﬁ@in%QHﬁE@ia Well to
circulation system Conpani es which provide electric

muliaie pProgystion awéls dhatforeyide@ prewure g@h an rden go dBHEE] ctlgf:ctlonal
t d
e o, P S SRR, oL AR ko oin
dlremlohhﬂday b;&tceﬁcqfrbsnmm( ofpe aldsed-lsipraienladay syskaner
production apparatus which is in reserve must be

capapl e of b t on line ver upckly, in :
o1 Prpatiss BPisPIoTE et omep o ohae BT o Brgerating
capuR{ db Nt foRlye hivet BadeUlohd NEnRAhd OO hRSSRIZBt PSRT @erhdhd, or
order to avoid catastrophic shut-down of the entire
mag iy rdensudhwwbaysmlbs0¢oyr&:mﬁh@ria§¢ aftermasg dfsfp hﬁtnwmgner day.
PobEE B Fetor BB A LT RGP el BRI By on
ling @867 yiicKIpVi@rordér torprévene hmwg&ﬁﬁs!’ ’3(511 lB@d Bﬁ@ldﬁi@l yL@ad sheddlng
ortion of the tine rather than 24 hours a day
refengdo giefting A mOWes ogRomsy UseTsyn Risles ta kit gat@%rwbwﬁbwcmof the
at I bi
o YRRy Shich 2PPaZS | RS Iled ARYFnd L3CHE" Wpinning
resbive grve, Qlipeai@@pmgc ns bmlyabamummefaqmpmm iusgdl fregénerate
.power demands w a HDR heat WInln%égé ”'%ﬂﬁ a.. h
Splﬁ‘&’\% rresgeéYFeP%‘i’ffrr}é ”b FRFPUC-§HTE eHES PSEION; Of 1B fimsprather
tha@ff4efdubad @8y, UAR0Ofhe 2GuipidnPR\WRherdBY &loRé ERIEnSIYS ke PurtRise and
el ectric | oad foiIOMAng The 5, 685, 362 i nventi on may
operhtgdhancbaserdond plestricRaveat drosiigkion pEHRNAR. Peaki ng power
froman HDR system woul d be cheaper to generate than
peakj § P RAMRurhte? 3 63580, ROWIGESveher G2 d@ﬁ &e‘a&ﬁne@ta method
the sanme price as peaking power generated by ofher
formpaeiing pedh pawera dgasndsumithnz . HIDR ehet rammg)l?ys{;gmtm a rpower

sl DAt pOh UF 1108 oRRCE P B Aot o a1 TIDR povier

geRPATGRHt 4>@fénpforaeneddﬁlRlo°an%ﬁmvm§h eThélsragse,et 3hven@dh nPdy also be
equi pnent to operate in peaking nod e is expected to be

temmd@sltdenmdsommslgngs kiogi ekt i frora reanud DRt a@tq@ap‘@uld be

cheépcg tt% JJ%%[SG h%a?( ng%)v@?ﬂogl%oﬁlg E%que%(}/n at orlzﬁ oéé A the same

pritoas Abakims pdiaér gumatated by other means, such as a gas turbine. Use of an

HDR system in a load-following mode rather than just to provide base-load power will
reduce the total cost of operation of an HDR system. The incremental cost of
equipment to operate in peaking mode is expected to be modest. This process is
described in an undated paper titled “The Geothermal Analog of Pumped Storage for
Electrical Demand Load Following” by Donald W. Brown, Los Alamos National

Laboratories, Earth and Science Division, Los Alamos, New Mexico 87545. The
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Laboratories, Earth and Science D vision, Los Al anos,
New Mexi co 87545. Thei nvention 5, 685,362 i nvention
wo emehes23 he practice of heat m ning by conti NPOLES2005/022305
fluid circulation through an injection and nultiple
production wells coupled with the nethod of periodic
reduction of the production wel | back pressure to
W
lnv@{lﬂé& dg/,%g % h}\{eg{}v | ten 8¥¥s Qlfl Brggweabﬁﬁea‘(gl tﬁﬁg bé/%%tlhllpo%s fluid
c1r¢1ﬂmwndhmgp an iigedtion’ anda:lmlngle ppm/\enon aple cdsqpléd)wph thd relethod
electri erati n Ioad ol | om ng chajacteristics
of R"H’é’%‘a‘?ﬁ?‘?t@ (al §he B W@aﬁw‘é lmﬁl(msavreaﬁa ligw 2 short term flow of
a éé@(ﬁ'r&)‘idlﬁé aah Netehdyardi AdWwRSIAR fo%@%d@é’ed'\fﬁgt%iﬂ/ pFJVldlng
in US Patent Nunter 4,1 13,446 issued Septenb 2,
per1®17<8 “pedking dpovgrs F4paciay itorprevide edectriéa gencration rioach éollowmg
dmnwm ;¥§o the use of a subterranean well bore for the
PE58&50f providing a gravity based reactor vesse
fron1mh|ch to perform continuous supercritical water
chefThe asifieatidn ofiergusict aagitial hyiddr Mm&ritll@alU%aBatoeﬁdltlons as
ssued June 10, 1986, tit]

nu er 94,
taughio b M eTlcr /AR B3tero NSaRE Aokt o Chrwkg. Sepiember 12, 1978,
t1t1§f5‘ a6 4si B oA ProURENE khbwh dh hORM] AIBNSRe usé Sf %Xs%ﬂpelrﬁﬁé/an well

of the state of the art that is al so known. hese
boneefar:tlmerpga)qsc oﬁpm@ng)a guagey baseda@mletr wiseal fm{m wnhgmto perform
erc

cof et SaperosneBlyles RHBGiER! reoefifho S HienCE Rifipban US Patent

nubhB&LS 1 64 @S RedIuae U0t 1936, t@@é@laeMeﬂlo'dsanﬂ ANpdtatus for Conducting
declining and it is therefore essential that the

@mgcah Reactiony ah Sperierdtiqah Copditionsatis exeraplarydof Hestade of the art
tha Lé bl&io@vch QE%Q Ct%\ér%\i}le %ts \6%%2?33{;1%110%?% g{i;gﬁ??vregﬁcﬁl( 8'# orgr“lg Hgltﬂerlal
by gxaasfsxffsumdmlmaq wnatks ankérbeic gagifioationg Cihandvgasiresesiraes ey a finite

resHTER BLAPe BIQONH ARy Py HHES T SaptreBFe cssertal tha

theQﬁEe?rﬁ@Eéngn aRRNR BRI thixeR ol asinRasgdenaMes & a WM wide basis
decades and has generally been relegated to a

beasore- uspfirtethoiugh the ahrdy dgycmjw roalt teeclgarohinirtg fuel gasses and

. high t of d t || to the.d
iaglf R hoBlng lentar P Bt BRRAATen Wl S BRTS R wseru
saléafdiﬁapds@msthéf@aiemyaieterrpts to comTer cialize the HDR

nethod of generating geothermal energy have to locate
%Eg nlque set of conditions in geologic areas that
exm

Rk ceapeersrefl BSPertigs grobtarmrharat draadiesatigiop for many
ded%[l@s%xﬁﬁha[%@x%ﬂ?'b%exﬁ’ rrabgﬁéd ) lnbh REmERFES t\éizlﬁlo?o | §e to the

relatively shallow dri| depths. Typically, these
prodién@‘i’ﬁi]l) h@ht@ststﬁeinlhng m:u@lrtldn arellh ao diegimeplydamied crystalline type

ove rd n_bef dr|II| into the
e R PP ai BERdP OO S Mt eme s [ el he HDR
metHodi Jfi géhﬁ@tnﬁ% bddihdtharC ek Sy Rveds ilddates) v@'yrﬂnimiéf%let of conditions
section of the well bore in the Precanbrian Ey
in geologic areas that exhibit exceptionally high geothermal gradients to provide
manageable project drilling costs vis-a-vis relatively shallow drilling depths. Typically,
these developments seek a site that has significant sedimentary overburden before
drilling into the Precambrian formations to access the HDR thus being minimizing
drilling costs by drilling a minimal section of the well bore in the Precambrian type

rock. Further, these modern attempts to commercialize the HDR geothermal production
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rock. Further, these nodern attenpts to conmercialize

t he HDR geot hermal producti onare econom cally
wo e®bnosted by the high cost of drilling injecedDOSBNF022305

mul tiple production wells. The high cost well bores

severely constrain the project design from being

desi gned as an opti mal production systemto mne the
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ande ise diif ngrothermhle hpatesengy iim ke tpragessied aif esrgaroc acartenhod other

of. mcally drilling deep well bores in
Ch%‘?‘é@ ﬁ‘ifl%o% and or Hadean Era crystalline rock, such

as granites basalts and the |ike, which is typical of

HDR f or mati ons.SUMMARM OW THEI INVENTYON bores into
HDR using the current practice of rotary-nmechanical

dr i The Regserttimsation sates fa ymethpdafidsilling eemplgling and producing
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I cation u5| ng a pre dom nant ase
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we blolrcla ¥ ine fIBRol\J/s%ié: %%ecuthjggt pr%%t%ey ofrﬁ%garr]}a r}ngc%amcal drilling methods

isa vant ages
has virtually eliminated the opportunity to tap the vast HDR potential. The novel

application of using a predominantly hydraulic based drilling method to overcome the
inherent disadvantages of the rotary-mechanical system such as slow rate of penetration
and crooked hole tendencies will provide an economical means of tapping into the vast
HDR potential. Specifically contemplated is the use of Particle Jet Drilling (PJD)
methods of hydraulic drilling to overcome the rotary-mechanical disadvantages. A

major advantage of certain embodiments of the present invention includes combining
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sufficiently reduce the cost of accessing the higher
tenperature HDR depths providing the highest energy
density production possible for econom c exploitation
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ER B8 D ProtF i e B frlp B° gt GGl Pafgpig products
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reservoirs. This aspect of the invention provides t
aptarialsandthsr sheraisakicadtionscant | y greater vol unes of

heat f e t;
R e o R
Mmﬂmovngem&atsecﬂnecegyc}fargmg aml dHBRar@sg of/thie rH]SRsesremouxf from one

fractures. iti.o t.his thod o u0|n
RERHEGEp RS ot SRR BY boridutalh stcah @R Tork SeigReroups or
FRSROUS] ITHN QEHd6t bV th%)in@éfﬁlﬁ)ntﬂr%dé’suﬂ]et eﬂblﬁtQQo éf?&ﬁfc& Qignificantly
enl arging effects of sinmultaneous thermal " an
mmmomesmfeh@u regergy clromcpach HIDR ressseqiy gysters yoft feaptures when

AR TR ] B SR SRR P o

E?@erﬁ) lo€ $iabturdsn VAdditierallyeihéd @sthod od praiubig eﬁthDR reservoir system
extracting thermal energy froma rock formation. The

REQVIdSS RdRpeRsSiiRghe RDK f@sgfogfpraiilﬂqtuvrtﬁ Ve B‘InGrdélPlt? yhegfeservoir
\éﬁlla} § QR & Hnpithidotl GREmiP k! ﬁl%kgl?ﬁ’c?i ?5 @fchﬁ% of the
|'east one reservoir conprising a clou ractur

eremosr sylstedr avhen cahipgreflrtactherdongendgionileasthod nd ppbducireg an HDR
lurality of wells, dilating at |east one fracture

F PRPYcl oud reservoir, forcing cooled fluid under high

pressus endRg aépdct, Ehe b dRhert X She ﬁ@?én@fnv‘eﬂ@o@fellﬁt@d fotaymethod
of wells, alternatelgoenlng and cl osi ng (glurallt
o

of ém@enaﬂgf@nélomergﬁ | a/sk aéwpl mhslmqtbo gomprising the steps
'oflhxﬁﬁltn' Q l& cﬁlwe\iﬁl %Sdeg rgeto l(g\b%levquérhe%l?? ﬁgfeast one

conti nto s w from
hesatveit cfolrmjrdlrfgrwalbtldh ef \ﬁﬁbtluﬁe Jom‘td, Igddt*zhﬁbaltgaﬁ*sétﬁgng Bteleast one of

ated flu
me plurality ofl weﬁs dﬁatmg at least one fracture joint cloud reservoir, forcing cooled

fluid under high pressure and volume into at least one of the plurality of wells,
alternately opening and closing a plurality of discharge control valves and a plurality of
injection control valves to provide either periodic or continuous flow from the plurality
of wells, removing heated fluid from the wells, and either passing the heated fluid to a
heat exchanger or using the produced fluid for direct use applications.

In another aspect, embodiments of the invention provide a method of reducing

the high cost of drilling deep well bores terminating in Precambrian and or Hadean Era
8
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heat exchanger or using the produced fluid for direct
use applications. In another aspect, enbodi nents of

wWa tee/nomseEnt i on provi de a net hod of reduci ng thECTHU$P005/022305
cost of drilling deep well bores terminating in
Precanbri an and or Hadean Eracrystalline rock that are
well known in the oil and gas and geot her nal

crystaiilum 1r0|cle$hat Hreeweldkhowh idthiel dil A gd3es@ psBihemdl thdustR8. The

n or Hadean rock is a major part of the cost

co§tﬁ>§t 5 wgll%]é]ﬁﬂ Hle PdF%i’l’?ﬂr@Fl or eatYy fﬁygrls gfm%gq past of the
coétheHat Qﬁﬂlt@%éi%%ﬂtht AiKHRQBO U hlihne* B g?éll s, Jat nven ¢ Jised to

geot hermal resources. Thé first part
ecoponHedllyf @fplcpjt deuBiDRy gwtu@ml eaa@ug:es;t Rbrenidst pm ofinte fnvented

n f t he dri costs
méélzosdg fgm? g?&gl@ gt\ﬁl% ?pr?a[%ld Wé‘i“frc?shlﬁttk ificant redyction of
thd%helhﬁgbbs;taassaﬁldtearwﬂdﬂdﬂﬂﬁhgfdééﬂi wWelll thhRrRaRAR Pr&fambrian and

g_fvel opi ng HDR engi neered reservoirs. The significant
or Jfadepn ﬁ@d% et theeﬂ%)??f‘oﬁf|d§V91@hm6vHERo3¢nglneerc¢ gessfvoirs. The
FHChhCAilihg teodl SuskQ
SIgHorce necelsgtacf)gt &%&égggéégﬁé‘é@g & '8 f&ragbclﬂ%bett%ﬁ’ﬂe%m)
methegle rto alrilk theTvell érope necessarylto wseess)f gdretdt@ dnd Prdduet @e HDR
res intended for drilling oil and gas wel I's has been wel |
Sgottrent ed by the oil and gas industry. There are
pri mag |ek1¥erirﬂ‘@1tzlefs€%f Htted Pattid1EYinRnQEE 3 S Rilling oil and gas wells
i ncorporating %y mass particles entrai ned 7R the
hanl?qequilgdqqumeated etheod anfl g glustep s Theretare bﬂmanly two forms
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Theumaf mgﬁmas;ssmumes%ﬁramlea %68riming e ﬂ&r&n{oﬁgf@aﬂ@d by &ulf Oil
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mo?esreHent [se Epltafg& dﬁm%% SIQ )P%?[Pclés e%%%%[ %aﬁ/ the dfn(g 2nogot%uld has

hese references partic ocu
beepawatqneddebsa@t inspigtaed). RoPateyt Nemibané,6 86,30y lslsdlddrMay 14, 2002.
PJA The..r renced nethods of_ drilling
Tt e DAL TBEH 8 IHho vt foDarisle dik ARpRie gRotary
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The, te t f full
el B e S 5 BB B it o gt 4 e ar Epmeens
in seﬁﬁieﬂtahﬁﬁorﬁhﬁ&lsb@‘ﬁ@tdsﬁﬁg endlffllyghvhirh @Rt Baticld P& Drilling (HPID)

method of jet drilling crystalline rocks has also been lab and field tested. The

application of PJARMD and HPID for reducing the cost of well bores terminating in
Precambrian or Hadean formations is fundamental to the widespread development of
the HDR potential. Specifically, PJD provides a means to economically drill large

diameter, very deep injection and production well bores for HDR production purposes.
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application of PJARVMD and HPJD for reducing the cost
of well bores termnating in Precanbrian or Hadean

wofoeamei2sns i s fundanental to the w despread PCT/US2005/022305

devel opment of the HDR potential. Specifically, PID
provi des a neans to economcally drill |arge dianeter,
very deep injection and production well bores for HDR
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basis,.that w | provi de the ans t || ntai n hi g
PP oo ey BERRSHE. RPN iR DR G Bh Sufatfgaen an
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oo sl Buh b ey SEAAR T TRt PER R forpation rggation
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elimnates the conventional directionally specific

pOi rﬁ:ml?qsini}s\glptﬁ»[of the present invention further relate to generating a reservoir
production method that eliminates the conventional directionally specific point to point
pressure sink type flow path of the commonly known conventional HDR production
system. The present invention utilizes the hydraulic pressurization of the reservoir on a
per cycle basis to inject fluid into all areas of the reservoir. This charging action stores
elastic strain energy in the HDR formation. The reservoir is then allowed to produce the

injected fluid to one of more production wells within the reservoir through the

contraction of the reservoir volume due to the relaxation of the elastic strain energy
10
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pressure sink type flow path of the commonly known
conventional HDR production system The present
woiaecan32en utilizes the hydraulic pressurizat ipam/uskooshe230s
reservoir on a per cycle basis to inject fluid into
all areas of the reservoir. This charging action
res elastic strain energy in the HDR formation. The
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DeW TESFEYr fork s Easey of his rtypg of é’é@c@ﬁdn oa ueraeedt $hear banding and
ged @R8] ¥ NetwbRCEs LAGRrdsQedC %ﬁth{k Ot e B4 aﬁzgl %gjg geP quacture

exp03|ng new reservolr roc surtace.
surfice dsingt $veapt iof itsehreae d Talsesheabbadi mccaﬁtdarg@dﬁefo%e&e&lated or

ri sscrossed fractures on t he surface of
Spapﬁa W?Iia‘rpé,ee"r‘fs Pk Efge a S frapovase iSRG dowpny laeeidependéng on many
varfdbles. seay tyRnef REBEE ibaddcRBiof a&)nilﬁﬁ&lsg’ ?)?&Jl@ésegewfél &fRosed

spal l ed rock pieces that range in siz rom ver
resgryon efifape ragea Heab ewidi nrpregte nana}texv heatabrhiester dind Sotm&%mental
exp%fsuxécbtf é?(éerc}%[(qﬁfski%% 18 Phe IR egg\gggqlsﬁ:%{tg @M: F}S‘%lggtt%e brecciation

expose reservolr surrtace
progfvse avillrprieidt danr aves fisdreaditgy §10fdcB %@nﬁ'ﬂﬁlaivhﬁ% ch S'éi\rce%p Yeat and

th Fﬂf r ock rras ive to the water sweeping its hea
e Fﬁ&rmcﬁef‘r‘& HPRRAIYalo RfRdpeokess oVl fimepr B d:@fclaml @vattiod of
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sul.ts in cont ous and i ncrenent al

forrﬁ:%tgor%e%?l brroﬁf;lh gowpéﬁ;{ tﬁese cyciwaLII stress reversals is expected to provide
the ability to continually sweep the heat from the rock formation in a manner that
allows an increased efficiency in removing a greater amount of the heat density
available per unit volume than with conventional HDR production methods.
Additionally, this method of reservoir production provides for little or no water loss as

normally characterized by directionally specific point to point pressure sink type flow
11
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thermal differential surface area exposed and an

increase in reservoir volunme. The rock formation being
whemkeonown by these cyclical stress reversal BCT/BS2005/022305

expected to provide the ability to continually sweep

the heat fromthe rock formation in a manner that
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epen cycled to pr cyc Fcal or perio
c) @Bmglwat:sawmr tHa) ha meltiptf walld thaptan sendethe pdgose of simultaneous

reservoirs, that. can be cl.ed and segyenced so
injogT o8 aUE PENEHE IRTETST DUt BT DR Hech B qgacally t a rate

thaP eR&dYs McApRAEtioh! e Htal AG1dOBasRUIMPHAES tc %CQ@}/ boRfhd the
following and/or c) a single reservoir that

respypiri pide stgee |enenghiain guen fayer vé alantic puirao yehilst a productlon well
| [ ction in a manner that
Co‘ﬁLmﬁb&F %ﬁ gor?k\gvjé%?ésy grﬂﬂlggl?augégggdl cally at a rate that
excemdtnli@ltmmla Pidsert inhedntion fuhdt relarcto ba@r\a)msrthar@ﬁ rbe a)
to cyclically expand the reservoir and store energ

vertigallyt Yaghed pubremain indspengent i iselated dras adiprem rwémmrs 'and b)
hoﬁm&al nrahied LU Q%Sﬁ%n@égeﬁde?ﬁ 8RE YsoPtted b ?Jcbmem&rs The

nmbodi ment s ent invention further relate to
arrar@mboﬁthe rdsatvouawilbbe ggnevaiy cﬂepahdleylt oh dktype bt magmtude of

AT DN T T KT T T

and BideRende ot tRNYstemolcat 86l tildead PEHdAEE A eiREE HRh ti%at a ByElical
arrangenent of the reservoirs will be generally

or gaisedidupe obAteadestatppethalead fellping geodyetiarneycascas e generated
whilb Sl BRRAE SifaM bR 8P netRida? ' JBiAL Bie rdfifs in the
trmng o e chargi ng

brecciation or spallation of the reservoir rock. Each of the production cycles will have
specific production characteristics that can be matched to the end use of the heat
energy.

One method of heat production from this type of engineered reservoir is
accomplished by the development and production of one or more independently and

separated joint system groups through the coordinated cycling of a set of the separated
12
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and di scharging of the systens can be tinmed to produce

a sequence such that a cyclical or a steady state or
wormedy23st ate with | oad foll ow ng producti on cBCI/ESR2008022305

be generated while still educing coincidental thernma

and nechani cal cycling that results in the brecciation

or spallation of the reservoir rock. Each of the

roghr jothi Glrowp’ driedtedSvertidally DR \HRrisHREIY td eIhOStHG! d éu@H that there is a
characteristics that can be matched to the end use of

CORtHRIONS produstipyyof thamnalpensesy donhdhe rfzﬁeodmcgrm farodirect use
apﬂlmaﬁoﬂsyaﬁgvé?f ! a%ﬁrfgﬂo&ll g%é%&'g& ﬂ)lssu%ﬁ :s‘elgsars]?h g%eratlon

he devel opne producti
Ofclnctep@ldent |y and separ at ed j oi nt system gr oups
of, a set _of the

separSihet Y Bf hat g SO g e e of Eagingpreh reservoir i
acdd@iplieRedt 5 fh¥ dePel§sHacht b4 ﬁfod%b’ﬁ&h $f‘£"£m%1|3 ?élﬁte'dsfe%rvou with two

conti nuous production of thernal ener
or mage Walsringwhigh therinigrtiere welléd iajspt peaddicaily arscowinuoasy at

f Ci.t uc end uses as, the
aifREGH BiB8n’ HesIW B, FEPRE S YoeklRh 347 B 00 1oun aagduction rate

pro;iucmﬂuﬁbmotlhe fpredactibn svellys) qu@lfl tie Ghe e@eRBdir BSAleMtdly 'e)?panded
t he devel opnent and production of

db
an‘@'i fige OW?S’fIq‘i%tCQB%?‘és@r%‘éﬁrﬁo EFerate gty embipndethermal end mechamcal
strdfdsGlectdigryl tBJg%ﬁérgt‘a rl? WL dsSdvol BrBCaRe! WAL Gl {e%er%/m{ isbeing

conti nuously "at erent 1 njection rates so a
produgad itsa gortatuons ritaneithee staady i state ws lpad dliwing stabd, €rom the

d | | h that th
o) b SRRSOt e I M«

maf@R it Glternhte] yosHdfdes R 1ENSiRRE LfdStef ARDINAR h eﬂ}s&fg?ilon rate in
and nmechanj cal stresses necessary to generate in sit

ordeitaapXpand thy Exservatriand, thewhredacingeorrtemeinatiig: thesnjeetlmgcycle to

rate. .either stea
ol B BB 8 AR e B, oo B e Ptubom By wServoirs
stor'EHe:npngynffhxsltype of piebstire ating Stillgovidey ﬂfe'&ﬁeﬁlfs o¥icBRitRiental
manner that alternately charges the

0i r
the?%@ ég}eph%{{lcaibbe,c@a@@} aﬁ'}%ﬂeéofoﬁ‘éﬁespﬂbe%r oduction rate
in order t%ﬂﬂﬁﬂﬁsﬁiﬁrﬁ‘iéﬂéﬁ‘f rlSi% t §dum ng or
e oW

terminating the injection cyc e reservoir
t 0o Aonereaemplete wdemtmdlrgr aldtheemtthed rand eappmiatusfdfOﬂﬁb tpr€sent

GRS HE) 5, RS0 1EE e, KL RS 5} iR Hion wen

takctrhmrcﬂﬁjun&ﬁlﬂl WRE HRNcEsth DR sr§gr et of ore
descri bed. BRI EF DES PTI OF E DRAW NGS A nore

conbiglrel deriets asumrlified gsherehsshpmetioviewrd agivare pomt of point
dlretcﬁgn ) fp%eltﬁc g&\égs{ilgl Fﬁgﬁ%sgﬁspcf rpnsﬁcuﬁélt{oﬁéy% n%emgned to
dra‘&cblnpttﬁmtlltlmromkfdnmtimsacconpanyl ng Draw ngs wherein:

Figure 2 depicts an improved version of a prior art fractured rock closed loop
circulation system that is being experimented with in modern developments such as the
commercial hot dry rock attempt being made by Geodynamics Limited of Australia;
and

Figure 3 depicts a general schematic of one embodiment of the HDR
production system of this invention and its initial operation cycle.

Figure 4 depicts a general schematic of a second embodiment of the HDR

production system of this invention to generate geothermal heat energy.
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Figure 1 depicts a sinplified general schematic view

of a prior art point to point directionally specific
wEemsseses si nk type closed | oop circul ati on SystEBUS$2005/022305

designed to draw heat fromthe rock formations; Figure

2 depicts an inproved version of a prior art fractured

rock closed | oop circulation systemthat is being

SXPel a”sf{%g%ﬂé‘ls y;_J,eHe qage?na%%vgﬂbgptﬁgrﬁtn%aﬁ‘&%ﬁeﬁsof & HDR

proﬁaadyramemoﬂ_thm iheghtioh uAilisibg bothernadd thedti epeirgg t3 petepsstdrganic
ral schemmptic.of one enbodi nent of the HDR
Cafg?fg PURFTLYLRESANIIONE s i nvention and its initial
OPeRRire B iSY En_granﬁh&w ﬁué‘tréilﬁﬁ'oﬂhce ﬁhr&gﬁg E@h &ﬁh@%&ésgary to

of a second e di nent of the HDR produ tlon system of
drill lalgsoﬁhmv@aiwedirbomutglmu Bil2 ngdwdnlogyal heat
ene ure DICtS a raI sche tlc
enb n o ?ha ErBRA Seftrar ‘8n°fs;9s,I”8 ?‘IIIT g“”“‘g fem
illdsﬁr&‘tﬂfgt the itilizdtioh 2if AGI1GSE tyRE BRUriNRgim@R&dolyey i@ eRpEEMSEot dry
or ani c. carbon under supercritical conditions; Figure

pisdeyelopiigrasathsrmel reservpdtsi @4 on of the princi pal
t I I
I“F@}?g 985155%?18§/s Og(){llgggﬂ}h Lord 691?(%; F&g&g‘fa& It‘ﬁ@ h%g;g{eg of the

prwﬂhmhhcn of a well head and dr| [1ing system

i e

devehoRirBdnd e NEbABYill B8R YOI deSerittad nfc:)kél Lfﬁﬁ’y aleke?nﬁter with

flow chart illustrating one enbodi nent of
referengsc iqlthss agcformm@yq@geér@mngsmle rvhioh prejerad Lembodlments of the
I PT THE DRAW NGS: . Th resent ent.ion
G s R L Pt RS R RS ciferent

foriefamid eshogldt it tHeeconsttwuigan ay lifgted rtéwhe Gﬁlbodlﬁleml geh forth herein;
preferred enbodi nents of the invention are shown, This

rathcs, G168 6 bagnenifoiewseYidesk se i dhis dlischosvemy 1ibertBoreHgh and
co&%f@? amﬂﬁﬁmg cgrf)%;th@ﬁc ?Q B8 iUty 'ﬁoﬁ‘%o L o8 48fed 8 thd'S.
ehbodi nents sét fort e

ei n; rat ese
enbdte rpeesest arventpomos biasdd som tlieadevtempmedt o€ |aogigcretensystem of

.. be t h d c Ie.e a i1l fully copvey.the
iy R PPl ER FRlce: FRGuE uer et bfoiHe Cheat from the
hotTHa€k BY @8RS of auﬁﬁhnp BYdlﬁlg hRS eid Nator? A ddA¥BAURRMRIT thelesd@voir

di screte system of atabl e fractures in _hot rock

by fRjeerng; @Iﬁisreawrmaeanswg@@fu dnid suchragcvaton Ghe jrdats in tlmrocks
opé;nlhn ftFIQ %tlasgﬁ/%h aé%ssﬂ%ilﬁ?re?les nlug‘?(i %Jtmé e‘g%‘?‘{,%&?thg Q&ell bore. The
joints in the rock close as the reservoir pressure is decreased due to production of the
injection water which has been heated by the reservoir rock. This water can be pumped
into the reservoir to be stored and can be withdrawn when water is needed or its
production timed to produce in conjunction with other dilatable fracture systems to
produce a net continuous flow of produced hot water.

FIG. 1 depicts an apparatus that has been experimented with by Los Almos
National Laboratories to produce hot water from hot rock formations in which the
injection fluid, water in this case, was circulated in a continuous closed loop manner. A
well bore 20 was drilled from the earth’s surface 1 through overlying sedimentary type
formations 2 and impermeable crystalline Pre-Cambrian rock formation 10. Cool water

75 was pumped into the cased well bore 20 to dilate the natural joints in the Pre-
14
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by injecting and recovering an injection fluid such as
water. The joints in the rocks open as the reservoir
wEemseeses i ncreases due to injecting water inteCT/tig2005/022305
wel |l bore. The joints in the rock close as the
reservoir pressure is decreased due to production of
the injection water which has been heated by the
a3 Yo o e Bl A B RS o foipe i
geatbernaé desdrvoir 15.s Pue thuddrination i streskes @f pheo due€ambrian rock, the

conjunction wt ther dilatahle fracture syste to
resE BT A STCRBRECI FRATEES HITBRIS LG th RTeRP 19 i 3 and may
be blihted ARR KdrFoAMIl p«i@ﬁ@u:«;@ of By db@se REBAWRYPE ANRBSRIwell

with by Los Al nbs National Laboratories to produce hot
borgafOde dfileshansotasedigko the gaethporad resarvigti IShintonder jtp prsateiagieint to
fluid,. er in thi , I 4f - '
poph gL el B S oS th Al e sy
that kol destotyide i palitey Beatotthe surfaceffacprodluding chegdeotheemhhlyheagd fluid
sedinentary_t&gf formations 2 and inp

er.meabl e .
80 fioyrsthg resery@itpiQneeghieserioir Bakbaes srpgrrtsa a&% theewel(shghillse! and

' castzﬁ, Wbl f%cid?ﬁrﬁeﬁthg Q86Eth Wrhle 4 Qfo%gd?@o Oc_:ifj(‘:ullatﬁfgﬁ system.

e natura nts in the PreCanbrian fornati on
Wéllhead(s) 3eanodkamringthlitaddondd therwelt borerresing dnd ndebtuexebanger 45

. joints in geothermal .resefvoir .15 Duge to formation

s dppled s RaflE i PR e r MHOPBER Tophine Bty Brrcgvatves 60

and Eﬁlﬁf)@ 95 aRChadIIdd. AEhdWER chib tHeR HERidclafld! HyPinjeethg @6oled water
obl ong in shape and may be oriented either

75 by mpcapne apungp 3§ Erevghav el bors20aewiting el dorarhiatabe geothgrmal
resé@%ﬁ'ng ‘ﬁ{eh{e 5%9&%03 .QISISiIgQ’E‘lIg)J G0 9L, CHRE Yy dillt Basgcgetthrc%ugh the

her mal reservoir I'n~order To create a poin
respoittindi peiat toopaiht girepieaally spapifesBonw gath dicateyt by the dsdrchulic
| oop circul ation subsurface systemthat uld proyide
Pregsyga Shika ETGdF‘H@nsYYPli Yo ?@@nére&&a% HfgPH véct@@o\gﬁﬂg:ﬁ%a 70 as
shcﬂgxgtag thef drtgvd icﬁgtifﬁ%éoﬁ?eﬁhﬁﬁﬁx{a;!éa' fluid ?@ lQal%d GO @efBRNRHT The

een generated and the well(s) drilled and Cased,
gegtherhat dhebtad effuid o) thesntetirss dodbe sudfacy daveghn willloberd 70 and

w3, g BT TR B0 e s o

to fXENANdeEquate BaBk ipR&batloadhé prodastion well Borento iesintaRathe dilated
Appropriate flow |ine piping, control valves 60 and

fra@tgpﬁ)g)ngg operesyffisienily &y mimpuzedpy Epsdancs pepcen the well bores.
. i i 0

THEREEL FEp pRch® BB GhihgthF bunért Y vRA1S sled by an

ex¢hnahge ofHeagwat seeombfluid dsmgftuiwed kbrouph tihes 41 todoteiSOn Ths cooled
shown by arrow 25. The water passes throu t he.

walGl b s BYo-T i i et bor s, R oV et of GHAP 35 s {siprepeement

prdviddy P& 16 TR RetePYhrbligh thedicBiHetRal V&S OSIF € 5 Shdhk in[iection
production well bore 70 and enters the production well

webldoee 2Qtodtbe prosuetian/welh borgr0amwhakistconsiflergd gensralbrased point to
roREEEl 1Ml S e B LB AR P o
arrividemeRD d6es bt afldw the use of the large amount of heated water stored in the
dilated joints that are not flowed through due to becoming pressure isolated between
the two well bores. As the geothermal reservoir 15 reacts to the long term dilation
pressure, the geothermal reservoir 15 tends to establish pressure equilibrium and
therefore grows by enlarging itself until pressure and thermal equilibrium is reached.

This process could require the continuous addition of large quantities of make up water
15



wel | head apparatus 65. The heated water flows through
control valve 60, which is used to maintain adequate
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the dilated fracture joints open sufficiently to
m nimze flow i npedance between the well| bores. The
heat ed wat er proceeds through heat exchanger 45 where

whechwabeld be injeatd dntbytharoekd hadtge flolv heatt poind ssemmbnnally
fluid being fl owed throul%g lines 40 to line 50. The
sobtedyirgry Be praduction gyde [ag o SiRISHE 1Folinneas %‘éﬁqﬂgﬂdb%bove This

hj
R, ShePBE 8 SRRl 06 e e o

fdren ofifilleBtcompletivh lant praelugtiort. o t he producti on wel | bore

70 in con ered ge s a point t oi nt.

oL e Bhowe g SO RS ot el P Dlpet GBS dlking the
theuldlgd oOwieSthrdy \l'%jhsgéoﬂ%nﬁlf re@érvein A8 MRREMPRAS iRGtase production
allow the use of the | arge anobunt of heated water

growghd inaieaserk 1@ﬂ|eFt¢’s€tI7eﬂr‘?SéﬁrﬁtI§0t1W§ greaten grespurgwiitmulation of the

QJtH g %rvtoﬂ P598 fultthE §é§51% Sé) il b?M? §Lpdlion with
AL EF s

ores erral ervoir
thE teh;&lt:hrﬂ Nips¢ exfmddiitiatal omatpr e sthe q:;restsh& dsoidtioar daskribed above.
fepds to establlsh gressure equi | i brium

servolr e
Jﬁafef%reépa?r@w ngam cahIeabgbh achied in thist systepy heQyghedrilling

ﬂﬂﬂtlﬁlgﬁfeﬂ? ﬁ%UidE'aB&ﬂtMg‘ﬂ'o%v inSRCBER-of ThY §eo%e?ﬁ§§x%sé‘r%’i¥ d5. The
require the continuous addition of |arge quantities of

ma¢¢salhpysmane¢omhomtcsmumtyb®nsmjvectpethel wta ¢dse afotheedell bores.
ter f ne at ont |soa fro

Aol poRC G B g 2l G P by gagth B mAGER: weis

dﬁ&ﬁqﬁltﬁﬂ@ﬁ@&@r‘é%louﬁ%&ﬁd{ﬁ% dfuswate@in FIes . provi des a

signi f| cant di sadvantage to the wi despread use of this

f or m FIGHDRIlestigisis dnjeetioragll ;bptmafé@ndmrodpﬁl@gmw 1 and 72 being

Y% 0 -

4RE SRR REHE T Lo AEMAAR doied BRERARA s 2 and Pre

Casriunirockl JornfttioanPd.s Welli bure &b és psemblas:tt]imxietdiomgh well to

reased injection pressure duces t essur

by AR P OB R BT B10UR G o 1 288 15 10F daptiod used to

é'rfetrzﬂ@ thds€ RN N fo ﬁlﬂucinLi' dRFrdeH ™ 'Z:Ssllﬁ’é Sicing ?@ﬁ'ﬁ%b&@"th\é"ﬂohom of the
he resultant | oss of additional water fo the pressure

sl laQrcon THedloweb emcaﬁb@mcmﬁh of ethorecll doomordudd fieohydraulically
rg?elts?eqsrl ng rZitu e btgcturei Jeln gllétﬂ)gflrhzhlgg \ em\/%e%ﬁpr& gwmﬁld then be
hp&aelﬁtdlﬂydﬁolath@ byepItihg rtnallovv@ss%et\m withSsand he semerpréldktermined
Sy stem econom¢cs IS very sensitive to the total cost

Flgb'h%r ey n hglearackatst.o flge avell wouldtthemhbe perdoratediabpye the sand
gﬁg{/&{vfﬂ Illdlf:]g c?@lsfsolahgﬁ h?lgHPAI{‘aRHP Qe yafil 1&11{}1 Iﬁeééﬁlleh% induce a

tip racture cloud reservoirs 1s 1l'l'ustrated
seroRdl Qiscte ﬁa@rezloddl aisbmatvesicahdistaté¢ecabowe ke loweefri@ure cloud.

TR RN e R
EesBbf DGO B. M tBHIR: non-linear increase in drilling cost in Pre-Cambrian rock
as a well is deepened, it is likely that only one or two lenses can be economically
developed with the economic limits of the depth that can be achieved with normal
drilling processes. Once the repetitive cycle of developing the intended number of
vertically spaced facture cloud systems has been completed, the sand pack intended to
hydraulically isolate lower well bore sections can be removed by direct circulation to

clean out the sand plugs and expose the lower fracture clouds to the injection well bore
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Canbrian rock formation 10. Well bore 70 is used as

t he devel opnent well to hydraulically generate
waepanarses fracture cloud | ens 16, 17 and 18. Tker/DEioh®a22305

used to generate these wells is to run and cenent a

casing string just above the bottom of the well bore.

The | ower uncased section of the well bore would be

pregela% @#f _ﬁlkﬁnf PRI é)telpaéfr?ﬂg Ui d&ﬁﬁw{o@/ inficBbn well bore 70

anch;ylddladmlon wadll horésstl atder deywefoplal poig to peink dinestionelty spenific flow

pat st Sl RBUle PrShis N Brcbe pep Ly i geamblgab o
systeiP a0 %b’i‘xdfﬁltéjﬁ’%n{iﬁ{ﬁe R3gI8le hAGA! braludtlotltherdfiflvolumes

raulically pressured to’ induce a second
of bnts’mt@m stqaabt Asimiddroedirak ansldieat seepvdry aystein 98 grag esed in FIG.
abpve the.lower fr ute cloud. Normally these
L egy B pggedn }16 mv%ﬁﬁg %e oriented vertically up to

ver FiGaB (ﬁ@ilcghto‘ﬁeldinlﬁid@lﬁ&ﬁ off 3, Edifplktion Beleenied ad@roduction
non-linear increase in drilling cost in Pre-Canbrian

mefhog T 1s angBHpn fk RS fropreduce leaf gnqrgy &ryuse Haydirge| apd gpdirect
use %pg 1108 dnS REF af %P?dﬁ%ﬁl Cl%ﬂf?ﬂ@h QL edRh aﬁ@ﬁ% Wi Aﬁ@e \ﬁ’ells

omc limts at can eaC|eve
320)0325abhnd 380 | dre giribled clesn etshe dartbs $urkace elp dtrpugh/ @ny \seflimentary

forglfaeg%\r/ %ggbﬂlggbvegpl nt ndedBE%:{oer of ﬁﬁeﬂ’%%qﬁlﬁalfa%drock

forRAGén 10t&RdesthtT shihidw kérﬁ;?érﬁtﬁre' &l t@taﬂo{VQ‘ﬁ@ deVadpmR 1o one
sections can be renoved by direct circulation to clean

or @mretms:rgtan@npawg frpatireipios elqude Wivgle rare regientpde vertically or
horazo%yacli% gsodé 1ne g}%‘ 'eoljale\{’\"f’érrnakﬁ?ﬁ %pédﬁ_%ﬁﬁ'e[n? sé@sq ffel@s n respect

pr o era
to oh¢ edbihen VYEHel d&nplea weua;m ﬁﬂdﬁﬂ@hsd)bf\/\ﬁfticab(mhemaﬁoﬁ of the

and 72 devel op_a point to poi directional ly specific
formpBop Fachre pleddedayyneeddo rw«‘o(}rﬂ 5@%% gFeategithan 9,000 feet

(deggﬁﬁllg%t)h o WRhha le@ntc(gfotﬁg %A&%n Ghl QHé I‘eqﬁ)ﬁ& Gﬁel?ﬁﬁre for

nerate a cunulative flow rate that nay uce
thecndweercif die geokhemps! lefat) o brdeateeready sué”ﬁ@amtiy mgh bmtd>ra1hole rock
contr ol covery stem as t hat.
tenpepiyeh i bt et P GUOL IS PP robet g0 I soliPln-hote
res@RBire Mo ifadie udt Jé@el@ﬁﬁpérﬁkdtlgrmﬁactb ehE1ca hriAc P isticsOPeing
nmet hod of this invention in order to produce heat

posstierregyinfthe vedisal wsenqreéhenawhufr?&rm@@toudsréseawr vl meeh o be

3D LB A O BB i s ot

neddhte bealrillad ands tastd aea derithoO2800@ fegt seltherdnitdawyll 330 would need
for ons 2 overlyi the Precanbri.an rock fornmat.li
to %drqﬁ?d 4 grsebioce SR 0570008 lfe%?lﬁlﬁ lpyermast pertign §k ﬁ?ﬂ* well
cmqa veWylitaalienty HEReH S PERIuBSd tRrAlil OMuh@%fQﬁ’M?eHQBW& the
oné or nore discrete formation fracture joint

formlaugm sbywburnmnarae roessenes aul exeessiafathe yoimt diletior prassure yand the
formagPla Fea ?Vg’s%‘é%t pe? V\Fhlc‘::hkls esE1ma¥ed {RE %‘rj fer ori}qr& pssl}focﬁsdsepth
The well bore Would then be useable for the pressurization cycle to charge the reservoir
followed by the depressurization of the reservoir to flush the heated water from the
dilated joints and produce the heat absorbed by the water during the pressurization and
depressurization cycle. The same well bore completion process, would be repeated in
each of the other two shallower wells in order to develop an aggregate of three discrete

reservoirs that would accept pressured water to charge the reservoir through dilating the
17
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to one another. The deepest well 320, in the case of
vertical orientation of the formation fracture cl ouds,

wonen/onesesl to be drilled to a depth greater thpor/®82008022305

feet (depending on the thermal gradient of the

formation and the required tenperature for the end

user lof t he geothernmal heat) in order to reach

jolngpf BWE‘&% Wit baveldntorbe eeseoiok, be hpeeditnd then terelled from

thRl e di PR hEEME VORIEN L ss 0 19 ﬂﬁ{e%tach g azs{eﬁ Z)rr%/ F%B%rgedo}\l/eat could

the bottom hol e reservoir.
@QQ@I@BBSIY @reduced Iby toniagtthe preesdreaséliny oM Rb&l E&rquﬁ)rowde

1tl.one the.vertical OS|t|0n t hen ea
o WAl IR RS i o dRiceniel vl ths wollge paraseelonsd. By
offfettimy thertirding ofOBE iR back BR IS 6E ‘ﬁﬂag? ‘3% ﬁtlg gg%sabl{ﬂ go ‘provide

in this case, would need to be dril

CRPEBYPIso ughs{leyp Fate qedustian tfhvem tthis ractangdnken8 30 ruwtlotksN&Cemilar
a to a dept 0,.000 feet. The
pl%@esp Svdtid bd fca0 Fo §&31 refstyol tBPthrB O)ag,qﬂtﬁm snaggd yith the

| ower nost port 10 eac
resqra@mn@ahmh@vmumrmermabnﬁl sristRdtiype of dil ated
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b% t he pr essufl zat l(on 21?1 Qﬁ}gg?egl %ﬁofg?ﬁmﬁ%%g)}%f%ed fo be
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ﬂu"sl@iﬂg FheFeakdy \%?t‘gp 3 otﬁernyvé) %I;Sﬁt r%?egxléélgﬁmg{prt\gfsletlngnﬂe? a three

order to develop an aggrega

wellegreduasionsschéra¢ comld| ovide @b WEIRSSBARSIBE BAIf R ﬁﬁ@ﬁg}? rate
thetrgbsr rOsvecflvm r thr ough dilatin the oints allown

PrEFIing sopfintons oflaheby eseahing e meeqmataui armﬂubﬂmn rate
bemeaﬁlthedm%é QvBlt B@re& €Sfie %R%sor gna(%;gg tﬁ:l%rae s%{:eemhgs and

lowered in the wel bore
cloging disshayge Fontys cv;eu@s; 410,18051 406 angl mjeempmslaureawes@%ngl 5. 420
d

e 0 ro one bei ng i nj ecte
o Bﬁot‘%&aﬁh t 088 ﬁ%éle?cglto %ac}éhg‘f hoys. ﬁh? high Vglxvmejs’@eated water is

brouglivedthe Byrfadef e tiel pressube eddrpy @Q)ré?lf inf {48 rEl:l?\ﬁ{ug@ khe charging

c @% % f these wells, it is possible to provi
e b, Wﬂngﬁ thffrbwnda@téd ﬂlTQ@Hh:‘a heat eﬁcrlmn‘gérMSSwhere the heat
rocess woul d be

is tRMERASE AR th@fwe'ile(ﬁ o fow @ ea{lsn%{ fl WiBE R flud |tlgrough

necessary to deve eservo
th eélsmhmgphhmdseclmessex Ve ool B i@ is@hted4Abk Qbwn the

nta rientation. FIG 3 shows the necessary
wel‘(i:t(l}ﬁ g]ﬂéru %’H P g%‘?’%&%é"d&ﬁﬁl%%@}) Bi8§h Altemathlyattedcooled

WCI%b&rﬂlflﬂ @uh be ABchit:Ef separ at ed
350 grt ically from eggh g?hlzgkq{srgteé%ﬁgé%e%gﬁl “géﬁe reservoir pit

HprGaeg chol&eeéng/vénérchbk@mabA@r 3 e evhichs esntmily thy bys&RR back-
Pre%grg' ggﬁ%sthggceoﬁgprvg g{) gwgélih? g) gungvtg?q??éoa{ngersesewe water
necessary to provide make-up water as the reservoirs mature.

FIG. 4 depicts another embodiment of the completion scheme and production
method of this invention in order to produce heat energy for use in direct and indirect
use applications such as producing bitumen and the generation of electricity. Well 70

would drilled and cased from the earth’s surface 1 through any sedimentary formations
18



into one of the three Hot Dry Rock (HDR) reservoirs.
I njection punp 385 is sized to be able to fully charge
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di scharge rate of flushing the heated water fromthe
other two HDR reservoirs. In this manner a three well
production schene could provide two wells produci ng at

r@qhe meeeameﬂ 1 ffcR fHRSHBAN Oan%’{h@'Iﬁ‘gC%%h'aH P Sformation

mat chi ng th e injection and production rate
ltﬁ)etb\mptlt dfeuffinied tempdratbrte slloWlthe melczprrmneOfmdagetb foymation

er nat el pening and cl.osi di schar ontr,
GaehE N GBS Bt tenfed AN of BRRF a1 fidergged by the
18d16 forfldfloh PrédotMh AR strbe REIANGH rePRECConcCofhedd THUFSDthermal
The hl?h vol une heated water is brought to the surface

neseryaie L piveykl ehudiatigplly fiapwred; ta prodiice gcdesided Tesgrvel éfolume of
AR BTl 2 S L S UBLE of e o
dilatios fpeessard afndonhetfbﬁpaminl brdals dbhen geredshmy whichmisaasingdfted in the
e 36 hoB s of et AP HEIFIB BPeC] U 01 oNg heedrilled and
éﬁ?&f‘mgpg%tﬁé?ﬁal’\@sérvgf? ne d4i R6M %Pedé%[&l dlytalllééefrngQhé Production

injection punp 385. Alternately, the cooled well bore
welLiy@ Ehﬁpnéermdsmimdgemtquxﬂd umtwm‘acllsemM@?erFlCo 4 ibgstrates

%rg&acvgrr V‘i@ éVOI %9 35%1% ?%chet%ﬂvge SyS %tgzﬁg ﬁemblhty of the

ddgBiendt @atuldef thel lpfe%étﬁ i eHEbN @ 6rdpt fo r%ewwsﬁlcqﬁessﬁ&dosses in
tO store an% reserve water necessar){ provi de
heakyeqiien\wellsy Fagher jpddifigadd nyeduyctionyyclis énawﬂ?@eszra'dé b9 &gdyice the

B ogﬂg{res%m%qgésg?g{ th?fprc#ﬁ@tl&tpml % 198 Wil %g%@%lgi 20 would act as

on netho I'S invention in order
1pjeomn:welhsemt orderep gyestwizeube geathehnmaé odsentt liSndiddgiohalusasturing

i ons such ucj n itunen and the )
ARt TR RAD rErRir TS Ry P drfebts b ethedt theinty duptixp golume of
gedfRndIredBidie1 £ahdeths irfedtfoacrelil 68NEPHEN2@A¥ve been drilled, cased
sedinentary formations2 overlying the Pre-Canbrian

andckydrwlmawrnmumatwrhth@s thgen pstab rvih prgdm@tlon well 70. The

?‘Fl%%{l %Il% W8uid bQQ{?lthg?cP Io %Hziuéeolbj%n#edttﬁ te co%n?nensurate

he devel opmen I'Scre orna |on rac

Wwith the enld aiselSThigpidueticn 1atd @uldbe ¥ed steabl prgdwition rate. b) a steady
hori zontal ly,. as determ ned by the rock formation

PSRN ntk ith gugiofliceiRfgcases ndopedecreasenrie agsommgdate load
fgh§w g%@&r 8fahe LRPEIVAWOr 19 gﬁﬁloglcl%?o&yg%fg &‘é}* h&RIht¥ tuned to the

fractudred to produce a desired reser vol unme o
aid| sk edqyivanemnss. iThet ingection vedls @8, I69 qondn3dl ag iatenderliital irgéct at a

ressure in exgess. af .t he in ation press and.
BE icthon SreraRvs disineg radbtl o G mRtiBoBeR i b it the
thikifnigh SbERI enefgylofGho gtdthOdial @éseHlRRpt 15 isAGsbhtd. OT® injection flow
wells 68, 69 and 20 would be drilled and cased into

widlothea rhearuty ask erolermitegt insgifer pHlewethersiorad claste el in the
%8{%‘[‘1 alT g&mygékg%lﬁ%éd ‘%}78%%23—[%2 t%[ 1%%&(/{3? Eﬁat%ggﬁﬁ Me heated
water contained in the geothermal reservoir 15. The pressure level in geothermal
reservoir 15 will be allowed to be reduced through the relaxation of the geothermal
reservoir 15 stored elastic strain to a predetermined level sufficient to maintain the
dilation of the joints in the geothermal reservoir 15. Once this predetermined level of
relaxed elastic strain has been relieved to the predetermined level, the injection of fluid

will begin or increase as the case may be. This method of repeated dilation and
19



the use of an additional well 69 as an injection well
toillustrate the flexibility of the engi neered nature
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pressure |l osses in the injection wells. Further

addi ti onal production wells may be desirable to reduce

the parasitic pressure | osses in the production

wefldtlos) of the %e&ﬁlnlrﬂ;al G&serddr 856kil Grodiek &) ddni Arectional flow of the
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sufficient to maintain the dilation of the joints in

Qgetthis innentip geerdey to preducerind utilize genthermabhent gagigy for use

L I
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eproductlon of the injection fluid from omi

aumb@t‘} dHal 9% ispird ﬂab'ﬁ)é 1 8% tigded:tRrecqsping Mathasls fowethe Oxidation of
g gﬂﬁ'&sep ger%hﬂwd Zﬁ nﬁﬂ%ﬁ e?sr fé&%ld%&nb\é the us of dtegp cased

er na er na irechani clin
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areas produci ng hew y expose i gh ther
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QWitht §he W AN $BFRNhs ‘f)fresglli‘r% béﬁtﬁﬁh‘eﬁp VAgE[sS ad P utn'ﬁ% ﬁythe natural

production wells I1s intended to provide a seconda
bpdrosteti¢ dwad gsadkapi wghiof theewtll dwre e § Imdads ¢o roouvetiodly inject

tfe%%&? a}l G %grt Breodml Tithius. e%clzrrlbes n pateyv‘te num%er 3,853,759 issued
December 14, 1974, titled: Dynamic Hydraulic Column Activation Method the method
of using deep well bores as reaction vessel for continuous processing of various
chemical reactions. Titmus further describes the use of deep well bores for the purpose

of reacting continuous chemical processes under supercritical water conditions in patent
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the primary conducti on sweeping of heat fromthe

surface of the dilated joints and d) the arrangenent
wobooslasesnj ection wells to the production wel | BCT/852005/022305

intended to mnimze thermal depletion near the

production well by renotely injecting the working

fluid forcing it through both conduction and
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cont ai nnent vessel s and ut|I|Z|n%Wthe nat ur a

thranely welihead 64 meedfief tecrceert spidithe AIbLIRE regstar Vesiek 7hdn grinciple,
the;%%%g%lﬁ r%&?b’cﬁf‘ i 5 bo¥atb et HORCRHnAGEn p@@%@% ﬂ{}eSaé)ility to

descri bes in patent nu
pradgsel @edsuPerceribar fldid, wiioh 4s p‘refeﬂabljr wmnaﬁhe:: ghiyttieransl Iproductlon

um Actj vati Met hod t he net. S|n dee
sy 48 Ve Duiaten e GEaPuY RoTBn o iss OB . and
will Hel RifedC RNt Abat’ @5Rednk GBS - a? Heatmgs tiel féabt%f \Q'@s%@ it B8mote a
the use of deep well bores for the ?urpose of reacting

corsinpis cleansicelrepdtioal wphnudb@ seastayrigege sh)m;pr:ldlrxgu lieat to generate

1
uset?ﬁ'it &f{)ri(oﬁntﬂg ggﬁgﬁe d %}é {ﬂ&gﬁ % ecﬁ‘lc?tg/%% al}f @f;gl?ci\(l)aémg the
gedthartiadl “Bearqjmﬁrce& (ﬂrom’L 9388 gea’ﬂhenﬁtﬂseger\mm Dhiso tHe dMblded bwhere it
and Tltn&s require a cheni el ectrjcal or fue

carbeisgd é)ag@h?aé thepreanie éﬁegﬁ@clé ReAeserbed bareinpiie.
el e\tﬁ% e&nﬂ)&ﬁﬁéﬁlabfttﬁgpiﬁ(/é{tfbhe§hd%ﬁ hhand‘%pfse?rﬁMﬁf?ed in the

vessel reactor sections at tenperatures necessary t
empo@mnEOEEKTeri:omlyun dhat Wt gerotlmmdl teseveir 15ns Hbv:hédapédsat such a

cerif e Pt eealim gL hEnrBaeby® Sxpanpl b GoaHbPEfigeble
abdve 44ckEMrfe produced geothermal heated fluids 85 and 86 is flowed around a
reactor vessel 73 placed concentrically within cased well bore 70 to the surface. The
produced geothermal heated fluids 85, 86, 80 and 81 conducts heat into reactor vessel
73 in order to heat heterogeneous organic carbon slurry 761, 760, 770 and 771 to a
temperature above 375°C. The produced geothermal heated fluids 80 and 81 are passed
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description; the requisite supercritical water
condition pressure is achieved by the assistance of
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present invention conbines certain understandi ngs and
aspects of the teachings of Mddell and Titnus and

further adds the aspect of providing an integrated
geqighereRheadeed, MEQAGUCEIMId] WP TEY,Othrehighl 8he 690dand into heat
sustain chem cal processes under supercritical fluid
ehaiger dasvhaie Sigggeotheamalsworkingaflwidds sxpandgéd gséthen condensed to
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clehatidebald ihroughelimeSAr whkieoi i fcombiBed4witl le€lenb Gdnireiet reactor
of FI 5 builds on the enpodinent of FIG 4 with the :
K e isratheseabingt BrdeiicHg 3ieE Qbropah b et sPEgtsdp provide
Heht | éhte%a/t e raRat he!let0iBed® LRIANIRAMBH! 18R] L4 herein after
nodi fied to accept said the tubular reactor veSsel 73.
descyibédnci pl e, the geothermal reservoir 15 is |ocated

in an,HDR formation t.hat .proyides the ability.to

or odud o EER s PR Bl e el Bhbinigify processor 530
WRatcembinihg et fohBlatd fdetbiroD0G pabiped i tsy $ainpUB0d Qo mixing
circul ate conti nuously according to the description of
oegssor. 530 dhspugh syaply by 28@randt 355G apd asganie garbpar material and

: ¢ _ . 0
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uch . as generating_electricjty by neans of. circul atin
RS dse Sr AR SRS Ve iR B CrostRcuS P g s Prelieaish by The final
ERBAPY AdnstbP dfOtht odibel A5RIMRARE hbdted AP BOUSEL Bétogeneous
3) preheat the organic feed stock as descri bed

prgpwic sarboa slurphidoenthoeligirdine @0 frome heatvaxahangar 6Pfosud intp reactor

Fl [ Lt ed. i inent of FIG 5.only i :
e sy B0 D 9o 370 ool gt B s
thettdpipimpsd town achnealag ssch etwrlen teldoticéRip@aBd of iRectbivessels
excess of 375C and EreferabLe above 45Q00C. The )

Pt el odaregl dt hertRd RO Pt paroritigeldyalgn teamreragiare; by thecgtign of the
%{o : al""héa?eglcﬂmlgfii X(Z’Sg&]’ehs él"fctl gg ?E&ﬁc@cpp‘gﬁlnéeroillﬁgrhglyre%prvoir 15. As

thin case ore 7 e surface: produced
he dieteevgratousamgaic farbomslugy,is femp8Ddewnl ti& rbactonkssdl annulus, it

heat.into reactor vesse| 73 in .arder to heat . )

Not his 0T SEESRE 21 dhpt Sme@rfiel Vet piosgtes ot ghighgoint the
He%érogéhe@ué BFEARIcAlaioR ARPY feadcdind OB A B81IE BHase fluid with some
geot hermal heated fluids 80 and 8 1 are passedt hrough

yl-pgarid reecipitatesoutie leagthrad] the apagtor7amsel tiivo path isispeh that the
inpta h .eX e 1t t her.nal .

GRS P By b RER It MRS RACARES Al ovices

gufficibmt! dircafatioh Sinfretat excddbthe arrdesagdegionindrfdr the dishsdociation

is.then flowed from heat exchanger 45 through |Line 590
9&2@? QTEgNq 12 i s eanPnéaﬁ CPpRHyents. Jr’hetﬂ%g isHeved or pumped

MBI the IR 6f tdaBtof %Egeﬂggo fihedi (s iﬁ’tEﬁoelci)f F4LRE §ssel 800 through

t hrough heat exchanger 5to provid

chamber 773 where the produced fluid 741 and 740 is returned to the surface and
through wellhead 720. The produced fluid 741 and 740 heat the descending
heterogeneous organic carbon slurry as they pass the common tubular wall of reactor
vessel 800. The produced fluid 740 passes through wellhead 720 and into particulate
separator 620, where the inorganic process product particulate is separated from the

liquid stream and where the solid particulate is passed through line 710 to solid
22



heat energy to preheat the heterogeneous organic
carbon slurry as herein after described. A
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m xi ng processor 530 by conbi ning water from water
reservoir 200 punped by punp 500 to m xi ng processor
530 through supply line 220 and 550 and organi ¢ carbon

patianie! sterige sHRhABY 760.© That QSIS pRdus&tt Ahidethen passes through
sourced from stockpile 570 through |ine 560. The

flew dinsg 66 dirough ganirel ¥alre @0 stougasysdparataredri(wigesd theyclarified

04, t:he 0 iL.pe 5 thr e r -
i R e R R
Eonminerné fthk plarificd peddiced fluid) G hergasies aee gaoher abugh line 670

heated fluid 80, .The heterqgeneous or.ganic carpon
4\, fyghar) gRparatet duigh theinaBes SPEfisshdiat gaéxeha%ggr 6§@sand are

%i%geciu@ﬁ@y FERAGTE AR fler Protebdise SPRE ‘f’leﬁtlh EQHGH a‘SO@illalblihe Fbdm the

). The' het er ogeneous organi c carbon slurry i
¢lrfiesh prqsungsk dludb wn recheeradrin| keat spelvogiret e rprodise useful heat

concent.r i lls of reacto essel s 73 .an ere. it is . .
FREHEGTIS, S tneh. Plowls R hegl ra Rarihef i e (TR Sog wtcte it is
e igledl with ehe Q0idnREuTRhg et 6@ HdatlethaBle pfotessST tBO@roduced
86 produced fron1geothernal reservoir 15. As the

grotharpgbiratdsTudydherd Ehrhsrosminglpd csllysnisdeem devrxenger 45
%r@%Sﬁ(ﬂfcte &3 38kt &%ﬂéﬁﬁgﬁ 1605 wheFe SHPIcGEhAhehOis iR ek fiinged as a

reater that supercritical water pressures a
pehedt ptdvesshiet @redgecreginsony gamic cabohaghurs] haingy flowead tisough heat

and for singl e phase fluid w.th s .nQn- oy gani ¢ .
et B S oBaSis So¥ts Pobe SATE 0855 A tne 0.
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\I)'Vﬁflférsgl%d e%’ﬁlﬁ?‘ﬁﬁ?ﬁ&%ﬁﬁg?%ﬂd t hrough wel | head 720. The

produce heat the descendi ng
het er PIgR réeidlustraésOihB ipeinCipldd@minetits e sdrit @y dfilisgebtiermal well

conmon tubul.ar [l of reactor vessel 800. The o
pee aﬂ[}@&gﬂ PJPdmgﬁedm"ts%Ens Hicotigh Tsiorearn kranyvledag that drilling
jafeOdiRRkler GebRWRISERBE & PrecBRBrialR&dieis! &%?ibﬂﬂfeg)a@kﬁensive with

process product particulate 1s separated trom t'he
¢dngoply giradtimad aotdrywinechanichkeartiien dopmaationodrilting prastices. The slow

BB SR a7 et g b e S o been he
Pawsss dais0uhné IHape IpoRmtiapb Of tthe IR EMidiRbl ‘éﬂérg? e&firce to

to gas separator 640 where the clarified produce
kngyigh. iThepse e 6BHR techniquey and metbodsapyexidepa preaneigapereesg the rate

I)fr Séﬂe{rgﬁoﬂ il ldildformations and particularly the crystalline rocks sufficiently to
reduce the time and cost to a level that will provide the potential for widespread use of
geothermal energy.

The experimental use of PJARMD intended for drilling oil and gas wells has
been well documented by the oil and gas industry. The experimental use of high mass

particles entrained in drilling fluids was demonstrated by Guif Oil Company in the
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conmponent of the clarified produced fluid. The gasses
are drawn off through |ine 670 and further separated

WO 2008t00232kei r various species in gas classifierCct®882m5d22305

10

15

20

25

30

are subsequently renoved for further processing. The

heat energy available fromthe clarified produced

fluid is recovered in heat exchanger 45 to produce

e Bf 1969 hamked; 0@ LY/ Patdiite3, 348,189, isbwsd 05|/2)1\MS968I’ A thembre recent use
exchanger 45 into |line 590 where jt comm ngl ed w

eihlarger diansiadiigh mags patriet pairieed ingfhe Iﬁiﬁlﬂﬁlg g has gee@f patented
b el Qﬁ%ﬂﬁe&g [E‘Sopﬁgﬁtrﬁaﬁml@ﬁea Wﬂ 8002 %heGdferehB& methods

commi ngl ed effluents from heat e anger 45 are
cfodrdliog suthtjettdiezrti decdmalgles tﬁ@ﬁromhs:-srozf eatrginimesdistmete high density

I?j?z’?é} Izgtz%{:?:r hﬁ}g‘ %ﬁmaﬁgﬁfog,%ﬁla gd L&?p%%b? ﬁﬂﬁﬁ%ﬁ(ﬁgg{? on 1n Grder to

febirapt %e fh@@iartﬁvl@le@éigﬁﬁrr?Q@amﬁrtﬁmfdi*ﬁaﬁolﬁﬁﬁf&pgﬁftm Qfe formation
the effluent fluid is flowed through | i ne 540, through

berghdhe yapylee spggypaptadoioghe rpeke by tie memgatum transmitted from

e RO A b R e S e VD PP BcBREs e boen

eice¢sgfullyodenainseated rin patp tiscetd greedabe tireadriflingi e dhpdnetration in
are above 375C to injtiate and or [

in a .
IS FABE Ermglenso gErtaln ﬁépmmw@n?elﬁés&ti Pgyp begngconducted in
§RARERAEry PSS %Maﬂ&?s" %t&‘fo}é"mmﬁ K8 YebE I'd@?aéloped and or tested
production wel FI G | ustrates the principle
@@rfb@netmn@rmdQBBB@eyoftchllljng Istdlmeg@m framatibnathlat hpldr @l and gas

utili zi a PJD et hpds of dril i S, .
it TRetr g R AR R s it ey duiEinove figggbrian rock
Remhbtife! Sedintnki¢ Fartidtiond afe0dnpriseRr sTMethtified €hile, sandstone and
expensive w th comonl practlced rotary mechani ca

léta %tﬁ%awdo@rnthﬁlr sretamophosed materéali Ladling pedimewiarny frmatigms with
@e%shq& %nge ﬁ\éetctf tljaﬁir HRh m%%ﬁﬁ%ﬁ?ht 1F~I assisted by
|ng Sy tens een the nC|p e cause of the
ﬂnﬁ glﬂsepof gmteda;bamélet heJ ARNRDY e‘edthES nedrefehdabyice @f abie cburry fluid
to | an h. The use of PJD techni ques and t hod
POBEHgB &nd, OReARE PRaMisre Jhe Hie A driatge IRy (BRD) of the
aﬁnhﬁg |sl ﬂﬁalceﬁﬁnﬁﬁgihi%ﬁrrhas@ lﬂaﬁ{dlés hb& Hérxﬁ&hﬁllﬂe'd%refully S0 as
rock ufficiently to reduce the tinme and cost to a
mévtelbr@atkadovw iy FﬁdQVﬁfd@f}’t feenpimesutlaps shnle, \mmrbsgcpmecadlmestone

ngieiln_ﬁ%fs tlg %?}el?‘j trgp ’ %D Trt] ged?rpgr‘i:t %%gt nllé Siée e)ﬂ)ected to have a

i Ng~ Ol
figgifica [limicdag lﬂd&tﬂtlﬁ Gk/lb@ﬁptda& ueé bf 2IMl ag aSnd:aihdlﬂ@ﬁdrMhngr B and gas
experinmental use of, hi mass particles, entrained in

whlq In; sgeinpanary Sorgpabionss ttbea?féantw cggnic and|preR)gpatig formation
brdal doSRAH oW ;%sqg& éch%ﬁSﬁi coritidrs. Saloaaty, ?he%%? flg.pARMD methods

I ssued 05/21/1968 and the nore recent “use of |arger

di beteet auithd gb thasslapizellyi sthater emelt dione dlidameteds eussr 111 bilngnd gas
flgiq.has been pat ent ed

production.

The use of HPJD techniques for drilling Precambrian rocks at great depth is
essential for economic development of deep HDR geothermal resources. HPJD can be
utilized in competent well bore formations where ECD is not a controlling factor.
Formations such as the crystalline Precambrian and Hadean formations lend themselves
well to minimized ECD effects thereby allowing full use of HPJD without the need to
rotary mechanical drilling assistance. FIG. 6 illustrates one method of drilling a deep

well bore terminating in crystalline rock for the purpose generating a HDR geothermal
24



by the inventor as U S. Patent 6,386, 300 i ssued My
14, 2002. The referenced nethods of drilling with
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di screte high density solid particles into the
drilling fluid circulated during the drilling
operation in order to jet inpinge the particle |aden

r8deVdiy Th@agenstal igbemétdy Mbistrames tiesedinterttbityt ook féﬂiiﬁltlons 870, 860
formati on through the mg@l se energy inparted to
&

ang 8RO B‘g}“‘ihwtém%]ﬂnéﬂ‘t’fﬁhytﬂil RATRPIEAN TOF mw0%$4%ﬁh%fedlmentary
fBHﬁatmnghS*iﬁs%GQ aLid Cd50S- aré?’séelﬁﬁtah9 ARG Q&%da_lpﬂp ofb different

processes Have been succes denonstrate
sedistentdry rockc matsiel sinh aiv sHald, rsgndsame ol raesoneatlhese fommations

ari ou n for t ons. rt nmental field
b e s BY B oSt S s ntitan o] ARFID FReHhS b Is' appfopriate
fspfh%&dlﬁ{éﬁtarmcﬁb@mk&u a&&m&ass The @éulﬂﬁﬂﬁlrp&%ﬁioﬁsﬂthe well
or tested for the connerC|aI pur pose of drill’ing

bose) Bk il by 1$®¢tﬂ%ﬁp@hﬁletd¢mer wedllobase 928y means mégeqawg tubular
R SR L b ST A2 BB ACRBAAH DRIAD i i

rﬁixﬁplﬂﬁxmb ibiyseedtiliihg sitgr (@bt $hiosah) ?phﬁlldhs tha ﬂdﬁuw%&ldanﬂular connection
mest one. an osed. mat eri al

7 PG el ar? R AU DRE ALl THMSabssionst o the

HigY Rla¥eSartifles 85¢aQblcPatE X ivRthit tHE 1%13 Bl inlt nQiztle Jéh@bw 820
IS assisted by the use of jetted particle.
qnecther ElsccmablezimrOObafoancteonsfmtdrdelstourap;dlY Idmlldsald forrnatlons The

erti.es. a era neters Effe
ph o Riiine DR 550 isblyRar Ay FrdTtesb Rgmed i S fo pxpose

&ﬂ)ﬁft}ﬁi wy@@uﬂﬂem‘remlaﬁafohhsﬂl&ﬁ foFUS11iRE byBinBARI SFEEPID methods

carefully so as not to break down any sedinmentary.
rreyides the abilisy thutdize oREmam HRHA sperating pondlmtt@ axinfize the rate
Paflebsh R g 3 Becdllisn Bt TS b avataple while
cfrﬁlimg)sedlmemaQefqimﬂﬂdns.ISEeoﬁsePlem \@scn’ﬁ@nﬂufdsrfor HPJD particle
drillin? oil and.gas.wells in sedinentary Iornatlon

°h

Airanmen ga’bs@f’gﬁft“?“al IRHREIR afRf JFUBI cfifetiation ofivesi afp thus

RaRANL TN aK IR ﬁSPIIeQa?ﬁbﬁdnr f’dﬂn@flbﬁ) s GRAFIi§ IdNSeed to mémﬁcantly
Secondly, the use of PJARMD nethods is better suit

os1d¢reE€Elmopam¢wd®nialth@ rntmfity ob threcP ¢ anntgiamr forraatéoni as opposed
t| on. e of HPJD techni s for

hs PR 57 BT ihisBhy ovel Brecp bR e Fh s e . The

serofeeen (hfg}ﬁPﬂBVHﬂl@ AN tated caleeRo HRu@aOkhi®d dBlling Precambrian
resources. HPJD can be utilized in_ conpetent well bore

fppRaHans ah thepmisme e to sigificantly eensidsr AriHiperfiuid dprmation erosion
aggf Rkt @ H ifid trfcﬁftfl@%eg% ﬁ,:#ohﬂsucP secanbrian and
ons lend t

ean format ves we to mnimzed
ECD éfteast of Phie madtlyodsl fbowidngng thd cossef dfllihpPdBllwiotdsaerminating

TR NI O M-
the HDR potential. Specifically, PJID provides a means to economically drill large
diameter, very deep injection and production well bores for HDR production purposes.
The specific well bore geometry, used in conjunction with PJD techniques, is unique to
producing the environment to operate the PJD techniques at optimal levels for rate of
penetration performance purposes.

Referring now to FIG. 7, there is shown a diagrammatic schematic illustration

of the drilling of a well bore within a plurality of earthen formations. At the wellhead
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wel|l bore termnating in crystalline rock for the
pur pose generating a HDR geot hermal reservoir. The
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formati ons 870, 860 and 850 which typically overlay
the Precanbrian rock formations 840. The sedi nentary
fornations 870, 860 and 850 are generally stratified

tek&iied BY tid dih@hmfiati SisRARLY a Heglck MR TRt iedthénU®Rmation
as shal e, sandstone and |i nestone. These formati ons

4dnistiengirated dol Wil dorend42. ndeebpe of drijl-hibatlizadcia thisr particular
t . i 1

BUARE MRS $3mdchaRr 800 12 Col A, RERRABY B8k g e

RﬂfAilllMB n&ﬁrgncbd) hereﬂ‘B ODLMgfdmrbﬁldaHyJ ké}ir&égfeld Omlds\g@ edmﬁmﬁfonnation

we a casin u [ C

44 wpcfréﬁmt ?‘96 YTIE g’&ylbﬁ the sume syg ﬁreﬁfn?@h éh%%ﬁ dg@oblt 412 but

A%y lvary%%c&agmwﬁh tHeSpr[Hé!)Bn%uJ)taﬁlg régxmamdéddohl deridi¥e on the

(not Shown) provides the c urt and tubul ar

typh neearihon strecture oD edrthér seotion 80®) LikeWwise, ehrtheh sdzitibpn 408 is
810 .provi des,.t he 0 ] i nge the hi

Samiar Ene MRar 20h dnl ot ARo  erpfiate Ay BT pit which
mhy bBQFZd @iffeddnt fmah\bcﬁ)?&yoiﬁt chbhRnf¥ SGANMRAE i pRihciplskof the present
formations in order to rapidly drill said formations.

mientiony depspdise ani the i e tqﬁ r BGHIre reagaged) By earghonnhrmation 408.
Iﬁlﬁgl P{Tﬁ'éry fo%ﬂﬁt%ﬂ hﬁf‘ls' Jl?%lérqﬁ{lcl:ag% 1’?@1?9%‘1?? {ag y P}%gmbnan and/or

crystalline ecanbri1 an
Hedeas cofstdiddrovkt Whasinpthe \crabs settiomah prdfild yhetr@)fut lvlanada and the

opt i mum HPJD, oper ati ng condi tions t Xim.ze t te
lb‘g bgﬁéﬁ?t&%‘ﬁ \ﬁﬁﬁ?@n gFﬁ’qt’iafeﬁgbys% ayﬁ?@'@a%ﬁl%ﬁwt todofogy found
hahgaLilgRsSobhais FhRhNRLy B¥8ioRi Batidiel Rt Qﬁlhlnk'lﬁl @ccordance with
sedimentary formations.” The use of | ow viscoSity

the uirthsipiesr Of—lﬂmmeamtu ipventiont foai premetnatingt ﬂlangqggamlatamnr Hadean
crnB genent andt urn ci ey on duties are
1Y allrl1 %lrockf form%1 jony or accesamg, r!é Q1 fll _qnerey. It‘enb ﬁnd;gstabhshmg a

difeewRhinSthe thore @dlet mrss@mqmbmamydryulﬁﬂﬁaudﬁﬁg & the charging and
(i)ropertl es due to the integrity of the Precanbrian

igihaegindiesaEbestboye in acsotdarcy Witk therpringipdesaf the rrpsent invention.
nt e f
R 4 Ry PR SR TP By LIPS o
the eprindiplee qf!r ithel |pm@eﬁr emaenbon. an Iﬁotlnmtpammllaas floiwedéagran, the
BeASt Pk SesPuBitbipcifa Hbubess ithedd Mot Fogrebrstem o1 includes

the eqamishirdnt $10f oL h@lé&inllﬂ‘gesysltéﬁq B acBdidafiet i@ thefpPinciples of the
reducing the cost of drilling well bores termnatin

prasent gwvantoen. aﬁte@r5q3laléléstrﬁt¢50ﬁhm§hll@rgs0f 8 firsirhbaerbnleagection with a
e
épem ?I catﬁ)lf)&ﬂgad ¥E1r8 %%TQE olo§y &‘%E A_ABR Hcémﬁlgﬁg%aﬂop the particular

t§fpeé bf the amgl&ncfbmmtoaras 11\1wtmtedeﬁmd}n] ection and
product on. wel | bores for roducti on purposes.

speci Yt refemingpier BlG ebribe rS§PP EEDTEReRS e ors Bﬂlevﬁeﬁﬂlmg the
ﬂpréanﬁt?r%mrq%t%an éxgstﬂﬂ'ng WS BrRARAUGh Y tlfen?%ée@f’&ﬁl BWBE]Bg used

to operate t he tech ni ques at Optl vel s
may evagf in accordance with the principles of the present invention. Step 507

illustrates drilling a second, lower bore hole section through the Precambrian or Hadean
crystalline rock formation with hydraulic drilling methodology. One form of the HPID
methodology set forth and described in the present invention is particle jet drilling.
Step 509 illustrates the hydraulically fracturing of the hot dry rock (HDR) to produce a

fracture cloud of dilated joints. Step 511 illustrates the step of charging and
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penetration performance purposes. Referring nowto
FIG 7, there is shown a diagrammtic schenmatic

WO Jobé/emsasat i on of the drilling of a well bore PaTIlN2005222305

10

15

20

25

30

plurality of earthen formations. At the well head400
represented by the diagrammatic illustration of a

derrick, a first earthen formation 404 is penetrated
diy¢hieldg e FRctfclodd e hatBRlaAte Withlone Rirfbottinhdnt 3€ thel Iﬁmmples of
this particular formati on may be a nechanical dril

thy pregayysientiomh aStepoyl 3gHastrages rreducingatharmag! emn@ylzfmm fracture

I35 SR e PRSP ATTP L BALL RLS SO pove
may lie mhﬂnag,nmeaaboaadéferensémidbsmptxm thae ddsdribled banid hb®/n the
but may vary in accordance with the principles of the
fﬂlhl%“élé‘ﬁtmveﬁgéﬁ‘ﬁpﬁﬂs ng‘érﬁ’&‘?sﬁ@t IBYCINRB’ t ype of eart hen
strugyure foppdydeno©APINGBr %ﬁmdgoﬁeﬂ%resLﬂtheWrﬁﬁ)ate in a) non-
earthén section 408 is a continuation of the well bore

402 and il Lssdlrrrwtn@sy fdimagronsmant bk Ar¢opmbaianirfotrhatisins or Hadean
which may b rent ne accor dance

with the pr Ffﬂ %}oé'é, f%’f %%‘“B?Sees%fg?e“eg‘%}ﬁ B%‘hgry rock”geothermal
dependi ng orregdmecetsype of structure engaged in earthen
formati on 408. Finall earthen formation 410 is

di agrldmat i calheymetapd el drilliag and isplabng SaMBIcRIERY faTaYagenS, with or
radean crystaideplI9Ch il i) e pEEARE- SPUAIAAR! underlying

profile thereof 1s varied and t ol e sec
430 i s showrcrptaibhg, ancadsdagymamtaﬂyyd?rawmlmamr ol | Hadgan formations

nmet hodol ogy n the drilling tool 418 which may
i ncor porat e Vﬁﬁ??ﬂ% hrigesyr i | | ing i n accordance with

the pyinci plaR 8de bhooRrEGANMebKUMEA! indinf Q6 drill well bores that
penetrating the Precanbrian or Hadean crystalline rock
formation fdemzoatesyi dg noresadipentarly écvrmagyns hesr &) nPragagnbrian
establishin i he hore

Cubeoquont - RAPRISHS ot et FotaBaiGir TS eiBbas i deyslgpine o

di schar gi ng diywdklg@emeﬁhﬂ\tesdufbeaccor dance with the
principles of the present jinventiogn. Referring now

FIG 8 t her elhesussnefwporsmerkanical dgflabit sreaps o éﬁﬂo\u?lh@ﬁtfes that
of the prin of, il I

particul ar 1& Igﬁvbﬁgtf argnr azq %%ﬁﬁeﬁ%ﬁhﬂoﬁ%@aﬁ Iésé,cdr}l it))edﬁ ecambrian
above is cl efanhgnometor’rHﬂdetn forthati busnfor whee petipnses bEgevslping hot

i ncl udes the, establishnent of a bore hole drilling
systemin aé’t%r“l?i‘nﬁ%a\fﬂ‘ﬂ TB¥&75Pi nci pl es of the
present i nverdel @R of IbRPViRLSity bf MRt S dfi g il lih B8njunction

of a first bore hole section with a PIJARVD
met hodol ogy. Wfﬂhlpémrhéﬂﬁlnﬁg%mmyelb I’?Qfﬂgeth@teﬁ@ﬁdnﬁg in a) non-

upon the par q,g} r.t t he a
illustrated Stea %ry #Hﬁ‘?t (ﬂ ):??‘%Clg%% gﬁ@gétg)%s (i Hadean
step 505 r eribﬁﬁamns fbhdlebpllrﬁod’wbiédé\e&qimgﬂgoﬁ e rock geothermal
Precanbri an or Hadean crystalline rock formati on where

the type of 8Y4®bit being used may vary in

accorG?ance VTﬂehusfeQﬁ D it Flo%e rdtds a8l F &S Bter than 500 gallons

I nvention. Step 5
per mmute to drill well bores that terminate in a) non-sedimentary

formations or b) Precambrian formations or Hadean formations for
the purpose of developing hot dry rock geothermal resources.
7 The use of non-standard drill pipe to drill well bores that terminate in

a) non-sedimentary formations or b) Precambrian formations or
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illustrates drilling a second, |ower bore hole section
t hrough the Precanbrian or Hadean crystalline rock
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formof the HPJD net hodol ogy set forth and descri bed

in the present invention is particle jet drilling.

Step 509 illustrates the hydraulically fracturing of

the hot dry Maddsn (fdakutidre forothdCpurpode a€ tdevelopingUhbtofiry rock
dilated joints. Step 511 illustrates the step of

char gi ng and#fodeHBRlgEIRY¢%Se fracture cloud in

accorgance L ACEDlog R .
The Rosent Chugar Ponorgl KPSyt BEep LIk OB pcater in
t her mal ener@yméueonhathemlraost un ea)chmusledimemanyorfoimauens or b)

with the pr eso t he pres ent

descri bed a l?rha sfﬂﬂ?ﬁpvp E'PQB \é lg?seﬁ%re@e purpose of
description Jb@vélogﬁﬁgq{dt hgﬂkoalagecﬁhéwm td3surksd. | ow ng

i nventive aspects of the present invention: 1) The use

of HAJINg BID anethedsng duel ol oess thpiare el feek ep rpregyeater that
tgl%ﬂﬁégean%ngﬁ)ée 18{6% 51%} 10n£J brg %96%2?1‘)1&%1 f{r?l{a%ﬁg gg?ladean

I ons e purp evel opi ng
fdtryations forghopiposed f deeslopmng &ot dr&)roam@dnlﬁidmaﬂre@éurces
drilljng and. isolating sedinentary fornatl

W ¢ nollie Telipving:aeepts ﬂf“l*?e“iﬁﬁ%%@ 3¢ basyifhy H@ Spirt and scope

feYdnPthvehtst al | i ne, non-sedi mentary, Precanbrian
dean formations with PJD techniques. 3) The use
of nol)- r otlar genesatingnibea HDR areservoirgr the| canyehtidmat ethought is to

t te non- sedi nment Iy .
i iR s pReeBR S BEE B kel o B ipahd induced
erlf ﬂ'ﬁ%ﬁlr&f ol @vgle Ot deéurelhy rbele Koi@ROINMHeMADR reservoir. This
resources. 4) The use of non-nechanical drill bit

‘Mediayli 1@ shart-piFquitRg’| orRoiRiso Rt fiasy i biedlk dmitingain its capacity to 1)
e{ﬁ%}b ﬁ%f?&m{{g 'hj h&{)ﬁ ?Edzﬁl: Pd'nﬂf_ﬂrm;dfa%ﬂcallg 1s?late the bulk

or na or mat rons
afatie Ifmpisrrg)ntmxﬁeddmythe daktuge olond raservaie s Eihe cn&shocﬁbf fhieinvention
use .of | ow vi cosg%‘gﬁ Newt oni, a dr|II|n fluid |
RIS R IS £ YRS Ot feing pq fisghasging of aerseryad w. ich provides
fullake beHy r@%r@olf Bradtlrd \REAI BRSPS Mni @FTRbAR %“an Bk charging

Precanbri an formati ons or Hadean formations for the
poegseerd emniddwestiopalritpvhirverse lomodringeibe mesermeir relaxation process.

Fuf (e)y "SR aters ability to absorb heat is a function of its dwell time when in contact

with the surface area of the reservoir. This method provides relatively longer dwell
times as the water has to first be swept into the rock joints and then swept out of the
rock joint sequentially during the formation charging and relaxation cycle. Further, the
omni-directional flow provides a vastly increased surface area for the water to be
heated from during each cycle when compared to conventional HDR completion
systems. This double pass flow regime will provide significantly improved heat
transfer to the produced water.

2) The use of cyclical stress reversals, both mechanical and thermal will
provide for significant rock surface breakdown over time due to these combined
cyclical stress reversals. By breaking down the reservoir rock into relatively small
blocks or rock chunks or pieces of rock through shear banding brecciation or spallation,

the reservoir surface area and reservoir volume are increased, providing an increasing
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6) The use of PIJD fluid flow rates equal to or greater
than 500 gallons per mnute to drill well bores that
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Precanbrian formations or Hadean formations for the

pur pose of devel opi ng hot dry rock geot her nal

resources. 7) The use of non-standard drill pipe to

gheh ilomMvhichRedesy hbatas iR SinRRdifedtiona) i@ Pathe AiveE R “Yiydraulic
formations or b) Precanbrian formations orHadean
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or es I“anBt
togidis At feseragir mbBresie dmrlnbetparvyanﬁar mEEIrltm[ESthﬁfugh)the action of the
Precanb i an, for.mati ons or %an formations for the

PSFHBa! BYCliae AL B TREVRB ot y Thefe frs e igHRal mechanisms to draw

h&® %&p&&nfgt&ha@cﬂ% RS Q&Qﬁ e Ao feldg1d faPREReh @nduction,
are 5,000 f'eet deep or greater that termnate in a)

ﬁbfn-r@eldifwkhtlmty i manat}errgh@}orcomqucnpec?mrqtaqckly due to the high
BB AT S0 el TR A S BT B g i nar it

heé&dt Eodtang ©NHARE Shrastd1d, MURh&Oae Rhabiedon & B8 emiddynthe rock
the spirit and scope of t he present invention: 1)

hi
gedwmadiffng vithealmer Brdertheigraatest hrat supsping pldorsy are gained by the
EJ}RMQS‘JS é 196 8 fl‘lte' gﬁ%@t Hmﬁ't& Eﬁsél r?etx?“ ?aL@ tc ﬂle} z\%rface due

or nore rou ow pat In the in uce ro
for a;aﬂiuale&lamfd shelaaﬁ)enchag bredciationurlt iingxpaedd jhat titesstiear banding

leﬁect‘ﬁ Htl%?)t vrvﬁgceogl\éghzgllyf Ig-rglw?qe§ %‘Aﬂ{ %(l)JI{t“:iCi%sﬁli o ttp ﬁllltlrmi%gtl \EVI'[{I] ghe injection
AaRasd ¥ tﬁ@hl%h RRSRYVBs Redte ned} U f'e%'ionf R Heks iﬂedculcé’d'\’to a level
i npedance, and 3) hydraulically isolrate the bul

thlaétrfgggtSder ekt kgah ddfusivitytfe 4ct apenths rebasveir mélethus)rqducmg the
lg h Odalle? f ;J{Ehl S%clrl % n%;'tléonp%é/? eI der?elag g@rﬁb@%}ls &ﬁe&ﬁlgg of the
]ihrgﬁ\/céldpératfub& Hlfﬂ:ﬁ@m@fs dvadatsle Iof Medrrfidld a@ﬁdﬁcﬁvélﬁ&IthlWCeping over
through omi-directional flow in the charglng roces

g dhiis appased fothgicoryeiona PR eYtEms, thati musgrethen far field heat
fﬁgﬁlﬁfv‘ﬁ IJF the FAH d k%Qs%ffstﬁ’lFe Ry L&E rﬁe d ﬁ@at‘@%g %F:Tﬁm conductlvely
apl IS a

to absor uncti on O Its
swept wincle dias dlse effictthof hign'ﬁﬁmalfltdi)c dowegre tfe toked heat output and the

AR Gttt FEerRte  ThRielofo e STty ot €y gurface area
inhgh & x@ﬁﬂfdlh%’ kdab®oR 8 tHeN@D t& YRRdiniaY thheat Ii‘i%ldr@ﬁé‘cd>rﬁ’1'uettion values.

sequenti al during the formation chargin
Aéltmwkdﬁa%g/tq the thermahepd meshawiesl stighses |r@m:atedfqyghng during

?Joﬁ%&tg)%sné%v \éﬁﬂce%réaqg gr?égtgd %Hhe%&( gon?racts tﬁehe%fe\é\%to%rthermal

change as well coincidental mechanical displacement act upon the interior rock surface
of the reservoirs “hydraulic container.”

3) The reservoir can be enlarged through additional fraccing above the
fracture dilation pressures in order to extend or generate a larger base reservoir. This
would serve the purpose of increasing the base reservoir size, growing the base
reservoir more rapidly than it would with just the cyclical action of the charging and
discharging cycles, to compensate for maintaining temperature in the reservoir if

necessary.
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heated from during each cycle when conpared to
conventional HDR conpl etion systens. This doubl e pass

WO 20demoe2egi ne Wi | | provide significantly inpregedsh®sn223os
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transfer to the produced water. 2) The use of cyclica
stress reversals, both nechanical and thermal wl|
provide for significant rock surface breakdown over

tinme gue tOhikhesodCoMdotiRensl)rbditibn ptddasss 4 RY @Fdaddr production
By breaking down the reservoir rock into relatively

gifatnd Wiigelesreenvernptentinl than aw qthargaether cwmlytbwmugﬂlzed due
%ﬂﬁ?[ncpe’%‘éﬁ RIPL BEE LA il 8 rfef&?édrﬁ% hoshi2§ o(r%stﬁﬁél.o' '
surface area and reser une are I'ncrease

provi sl ng ahe uma@mdm@ar@@tﬁmm hipetatires dtscaw ImsaC taprovide
the omi -directional fluid paths sweep the "hydraulic
beshteapigyr i sypppEcel ghesmicalTrractionscidi atrerrterorgsselsimmersed in the
P Bk PEPRIIRSNE: phoic o RERE KPS gRimen i organic
d;ambduh esu¢lnmerroairma;lt shaleg bm)m?asmﬁnd tveste és eseablerandhearkethble products.
ﬁ% ul v over tine 5£§ V h the action of th

THE) P?: ge@ Bt SR PRVISS &) Fachsek i fopinffate or Fsustain

fheOsubBRFiTBd1 \‘Jﬁt@f" REMI¥E] pRcEisaWitARAhel FaBof %és@g b) provides the
conduction in this setting, the near field and

residial eabancemrigusondunt dirgpiand dadirebt esecdf Iﬁmmd@ced geothemlal fluid

SR 0 BTl S S
amagmrmdlhg firrther Gaate/idldd » pretadat thie @kghnhmibdnsfeéﬂs&wk TRe system

wer threshold, further_ heat transni ssion
gwé? A8 FeBgPRN e AlYsRY %?ﬁr%ﬁmgdﬂﬁ%gl.eww RoN G msgdycing clean

biRingrsal R ﬁmﬁl@tse he | F}l{u‘?i‘ﬁ Sdng'h il 19 i {i’i%flctsf f?leforms that

ontlnuous exposure of | ec e next
Camylolr futhiec prooessed, rispossdiof effesticely Qranmyeﬂedc"ﬁlhe uml aft thel cyclical

shear b ndin recci ati ed that

SRR BFEEE pRlduBionniinof b PR i ept St prugtion from
DEMAO r}&@ﬁtous dhd 3f6vilihgl tHeeh@elitsMoF Rhd Rgclidal Qﬁfebt%h process to
fluid before the hlgh heat | evel s of thé near fie

magian el dhemeah preduction tensratereel fiowarates jagd elfeserfvalr growth

{ lansr g‘n 3’%:)?1%8 {)lﬁgé #ela%/ %é)otﬁéi#ner B%gtu&?o%ﬁﬁ%gg %arl%mgllltmuous as

aupfosah tpbatvh gescessine af -oeganid carbors stuel aesbulngil @halehBiomass and

hi gh t emmer at.ure dlffe entlal |IabI f or near
%? P PQ nﬁH%QIF%Wﬂtggﬁn ge Brpdpcts Is L aspi; methane or Fischer-

'gﬁ)%?!cg]eﬁ?ﬁles t h@usc %Y%W&Wbe 'ﬂ@gfuﬁ Y E&nﬁrokg@fn[gr%{séoai &l ¥xisting

ield heat” diffusivity of the far fielld rock
pavegiplandhane supplyigathem withl cleembuining fiebgasseitd umhanceleyonomlcs
the effect ficantly J.owe

sl
%igﬁ t%‘%°§| S %ugfrla(gupbo ctiof ?tﬁ ?I%lah%et [ BasseS %tr Eltree currently

appesxitnattly 700eE&dl Ofiredt BRc@fehl ipoWet plgroIahat ESaaldgy that would
surface area_in an_expanding reservair is the key to
%&@ﬁﬁmﬁkywnﬁﬁbfrﬁ@aﬂn# napRfiqny Farthern e invsatiom pravides gy enabling

%gkf rgf 5Qud @%césfaﬁa WmidddiBELAR cal stresses
repeat e I ng
It is thus beheved that the operation and construction of the present invention

will be apparent from the foregoing description of the preferred embodiments. While
the configurations and designs as shown are described as being preferred, it will be
obvious to a person of ordinary skill in the art that various changes and modifications

may be made therein without departing from the spirit and scope of the invention, as
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production, new surface area is generated as the rock
contracts as the effects of thermal change as well
weoiosoixent al nechani cal di spl acenent act uponp¢®S2005/022305
interior rock surface of the reservoirs "hydraulic
container." 3) The reservoir can be enlarged through
addi tional fraccing above the fracture dilation
defliedSAUhE Sfoil&ﬁgd(ﬁﬁlnko eHdrente, 0t'he SRIHR' ﬁ{deth% dcBPIBE thRAERims
reservolr woul d serve the purpose of 1ncreasing
shouhiends &s dimrited do thei desaiption of theprefgrred embadimentsontapied herein.
nmore rapidly than it would with just the cyclica
action of the charging and di scharging cycles, to
conpensate for maintaining tenperature in the
reservoir if necessary.4) This nethod of geothernal
production produces a far greater production rate and
ultimate recovery potential than any ot her nethod
currently being utilized due to the increased surface
area sweepi ng and new surface exposures over tine. 5)
The use of produced geot hermal tenperatures above
3750C to provide heat energy in support of chenica
reactions in a reactor vessel imersed in the
geot hermal production well provides the basis of
converting | arge vol unes of organic carbon, such as
coal, oil shale, biomss and waste to useabl e and
mar ket abl e products. The produced geot hermal heat
energy provides a) the heat energy to initiate or
sustain the supercritical water chem cal process
within the reactor vessel, b) provides the residua
heat energy to conduct direct and indirect use of the
produced geothermal fluid for such end uses as
generating electricity through binary type power
generation plants, and c) providing further heat
yields to preheat the organic carbon feedstock. The
system derives its econom c val ue by generating cl ean
el ectrical power and produci ng clean burning hydrogen
whi |l e separating and capturing any harnful byproducts
in fornms that can be further processed, disposed of
effectively or marketed. The use of the cyclica
geot hermal reservoir flexing production nethod to
provi de steady state production froma single
reservoir and providing the benefits of the cyclica
i njection process to maintain high thermal production
tenperatures, flow rates and reservoir growth supports
the ability to use utilize geothermal production for
| ar ge scal e continuous as opposed to batch processing
of organic carbon such as coal, oil shale, biomss and
waste to produce clean water and mar ket abl e products
such as H2 nmethane or Fischer- Tropsch liquids. This
system woul d be useful in the processing of coal at
exi sting
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power plants and supplying themw th clean burning
fuel gasses to enhance econom cs and reduce industri al

wopomiazs on of greenhouse gasses. There are cRCTASRI0F/022305

approxi mately 700 coal fired electrical power plants
the US alone that would significantly benefit from
this invention Further, this invention provides an

enab{mp qlkﬁgy .or the large scal e processi ng of
m neabl e 0|I §f is thus believed that the
oper ht i onAamdthodntn% extciciing thérntaheenprgys fom aeektfoomation, the

L1 be aren m t he foregoi ng description of the
mV\%h8f1§PIPBH£JIE ? Whi l e the configurations and

deSI &iin2s pahsmp ARRIIESE défe dufiRidde td@low @év%[dbﬁfént bt at least
will be obvious to a person of ordinary skill in the

ongriractaioialousligserieiiges and nodi fi cati ons rmy be made

ther r d scope of
tho. ibatichip HhcIRRALA0oNE PR PRARY oL e mo
Ther éitating the 1deasportel fracand Jdlhteclsmbmeeroéut he cl ai ns

shou not be limted t he description of the
pr ef %."‘rué% celpd datR ntnder g\gﬁ‘d?fﬁ%“h Ylupgatto) a legshopgof the

plhl%llt}lofveelﬁe&)%ﬁﬂ‘ OtheS¥ier@nit;i Ng thernmal energy froma
rock formation, the met hod conprising the steps of:

dri ¢lte|mgately pllpumaglanyi CdtbsmglalIdultabt}aoﬂdptlhargmfc«bmtmlemives and a

1aI i eveto E ff at east one ract oin 1 u?lt £
PIHESEr Vol Pee wﬁ Aup X%h’ffsy o PTR¥{AG A OREYRUS| aY‘é OBhgiegruratity
weieand péfaltidisehte Wohi the rélehald Nng the at | east one

fracture joint cloud reservoir; forcing cooled water

undefemevits hsaied siates fromatheovellseandht o at | east one of
t he e]?iﬁ%i%lgltﬂet%a%ﬁ vy\ﬁj:r t3 gth%fttcé}gﬁ:gl%elt he reservoir;

al t I'y opening an osing-a plurality of
di schar geTlxomethol of zlanas] evherein thlewtepl oft drilbihg imjeles ittenstep of
contro 4 val ves to provide continuous flow fromthe

hydraplic 4rilings wel I's and permit discharge from the

resesVvoi I'thd RGN D8R £AvN&EERMthE SR M aVRl l:%nuﬂ{gdmcludes
passi ng the heated water to a heat exchanger. 2.

paratlaged doflingt ai m 1 wherein the step of drilling

iOPCL giefn he Sgﬁg %‘f(ilﬂénd %er&nd%;ya g&ﬁgP%%& a;mFa[s ane ol cture

joirlt @ldﬂld@éseﬁ&ﬁﬁ ik glcpedséd thelsuighlsifgltandousTiechaRicBioghdahertlaftyBling.
1, wherein a volunme of the at |east one fracture joint

cl oudt resERs/BEthod Of ichimeln Seherein hgeigralugs iy thepdsess one fracture
Joffﬁ@&m kB il 'ﬁ?zﬁﬁ'@ine&%ﬁllohgﬂ 'mechanical and thermal cycling of the

reservoir rock.

6. The method of claim 5, wherein the volume of heat that may be swept in
the at least one fracture joint cloud reservoir is increased through thermal and
mechanically cycling reservoir rock.

7. The method of claim 1 wherein the step of charging and discharging of
the system is further includes the step of timing the charging and discharging to
produce a sequence of cycles with steady state load following production cycles
generated while still inducing coincidental thermal mechanical cycling that results in
brecciation and spallation of the reservoir rock.

8. The method of claim 7 wherein the method of heat production is further

facilitated by utilizing at least two wells wherein an injection well injects periodically
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5. The method of claim1, wherein heat values in the
at least one fracture joint cloud reservoir are
worméantoas2sed t hr ough mechani cal and thermal cyekcirngg2es/022305
the reservoir rock. 6. The nethod of claimb5, wherein
the vol une of heat that may be swept in the at | east
one fracture joint cloud reservoir is increased
at dififyefHinieptéomuates an dhattlchats s @réayeralial iheGohBRRILY Pidduction rate
/. The nmethod of.claiml wherein the step of
pr_é acr%‘éifﬁ’d“ l‘hedpg’ﬁg% A ‘dF‘_A ﬁ_“g? %ﬁéh%vé?rém §1t$raatsf§e¢xpanded and
themellomled td bentfce i Ofdek it61gRAerbROhE NI BBnal and mechanical
di schargi ng to produce a sequence of cycles w th
SUEESES AGCesaaY &0 BeRsErte i igwrasgrvpirduensidtion velyitd ths reservoir is being
pr&ﬁﬁ@&%fgqn‘ﬁ{ﬂu) 3t Il inducing coincidental thernal
mechani cal cycling that results in brecciation and

spald.at i diheofethhé ofedleiny 0i wheRfK theBmetHod RERRAG Bfilitated by
t he net hod of heat production is

claim rein
utl?‘ﬁ‘ﬂgﬁéﬁ:’avg CF%efed by utilizing at | east two wells
wheriei n g0 h&th&S lof Wdnidlng Pl Vel AL i udi
di fferent injection P}gt?esngsgéot?ﬁat afﬁéécﬁlgtlégi%&ﬁr@ﬁ{ugpg the
stephgh t he continuous production rate produced fromthe

pr oguet | O L. sych that t reservoirs alternately |
ex pglﬁgﬁeﬂ& EXt gﬁ%ﬂﬁt@ nOLfg‘f’?lif\/\Eﬁmt %el%gﬁ PPS\&’Yel{hﬁado fraeh; @ plurality of
caemefoah&idnee conbi ned thermal and nechani cal stresses

necesFary tg@gener ate in situ reservoir brecciation
whi MEIERE 2 RisbExpsiaf drdl bisithigugh Sidst owperntarthen dotrations for the

geficthifon SF-thd WEN BBfhod of claim 7 wherein the method is
further faciﬂitafed by utilizing at |east three wells.

10. lumoilz_ciag han;]armﬂe g‘pcﬂrmil?ﬁg'd biy | flgl_ebbﬂaa{dlélihreﬁfi@ﬂ w«;ﬂl%rpa hlﬁfhllysrock

i.nck.udi ng, the steps of drilling a plurality of wells
re ?no%s%qsm?ggée@thoth% R ertRendesiAfough a plurality of

ear td@imatiap Wik Oprality b b if) e L

bit thr ou_g% firs Lap%%r earetq%g% 1?0{%”)}(;&%2111%@ E%né]atlon toa
denfb i wtffigiantotempieratuve| to dlbove thasdevadlapment aofpetiet be Infork efiscreet

Bl L it.far bore hole creation within a hot dry

fo%ghﬁ rlg%ltlgjﬁ Jc?llﬂs)[pcc)fs%(lelgis b@ﬂ‘é}ét%et%enﬁdr ertieally nan hpdgandally as
detemminmedby thegoek formatioryl ural ity of bore holes in a first

Precanbri.an formation to a depth of sufficient
t enfSEPHRHRS & $pcand of the @luraliy| ofpherst haés ane atoweprregion for

:j%f%% ﬁer{/@ﬁﬁ?‘% gﬁ?&; ngﬂﬁt‘%?%%g 'thgfi]zo;rjltglgydais%sleg I'ﬂ)egéa%h the first

hydraulically fracturing each cloud to produce a reservoir volume of dilated
joints in the formation by pumping at pressures in excess of the joint dilation pressure
and the formation break down pressure.

11.  The method as set forth in claim 10 and further including terminating a
third bore hold beneath the regions of termination of the first and second bore holes.

12. The method as set forth in claim 10 wherein the step of fracturing
includes imparting a pressurization cycle to charge the reservoir followed by the
depressurization of the reservoir to flush the heated water from the dilated joints that

produce the heat absorbed by the water during the pressurization and depressurization

cycle.
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determ ned by the rock formation; term nating a second

of the plurality of bore holes into a | ower region for
waEemenezags a | ower fracture joint cloud general PgI/US2005/022305

hori zontal |y di sposed beneath the first cloud; and

hydraulically fracturing each cloud to produce a

reservoir volunme of dilated joints in the formation by

punmBng dhe pReSELALSt FIEHCERIM 0F ahd Surkifr mﬁclmihgwf@yting the

ressyre and the formation break down pressure. 11.

PIOPRRS H‘gtcﬁé"@l%s agdidepspyuizing eachi ploud tandevelapt eraggregate of a
] ' 1 Dat.| i hi -hol eneath the .
PIUE SEURG L EIRV ) P Pl bl G e BERG R Preservor
duting éidating2he jbigs akdoning thswatet td toaviehiritd tHel raéefvoiPtoeeedicd and

t he p.of fracturing ingluyudes inparting a ,
theﬁr"é‘@ﬁﬁ%i o thpressrepis "?f&néﬁ%ﬁsaéeq WateF gesssiie iy lopgraddndlae well
boRVrdrhe wiepesssuri zati on of the reservoir to flush the

heated water fromthe dilated joints that produce the
heat4absdhpaeethsd ofelainatldrindudingghe steppefesmitinuaaty producing

suri aat i cycle. 13...The t hod as.set for .
neftBF AP IHEL B BORE St fd Sameg o Ched® i idicone el eing
injartatiessataficehiar grahe ardl idaperss Aowzdng each cloud to
dev %op ?E agg}regate of a plurality of discreet
reservoi i8¢ PiFEiod ¢ qlaigy b4 prd Birthes including vaatiag coeled well bore

flufhRcR Both ehe \ﬁ@lﬂ)éﬁ%itﬁmqgﬁ h E&rtfgl \afve @% at [P§edkiBh ré{n%p
allowing the water to travel 1nto the reservoir "to be
heal@d aibtie ntegrodectpalhiire di4 fand futte inesding clischavaiy ddoted well

. s | dinth 1 b f
bor T fpthehd -SGRuER b A oo Eren i A8 1 el uding the

st ep7.0f ThOietHodWTlclaiml IORHEEMAhE §@b BF fUBuEhg BY E}i@srﬂﬂe step
the pressure cycling of the well bore to pr%w%ll one

of ditating g @ilyralityof sratesipl jaints imthetfoimeationne rate the wel |l s
reveg sed . 1.:1h hod of clai,m.4 .and iy
fur ? 2%1'er F&%: ﬁi\gg}%ﬁl g&?%%ﬁ E&Jﬁgé‘%ﬁl g}? Nz Peg%lnhé‘gfli"ﬂ?%esﬂjéﬂlﬁng an

upmowellipoeionelith b esterytrhecbagibalalriiosit.r ol val ve to an
i nj fﬁti 0 gunglﬂ 18. The et hod of claim 14 and further
i ncHdi ngh methed g claym d owbere kg Totasymeechpnipal drillgyi qomeprises
pjmalq)ﬁ)ég@a@lggy to a surface reservoir pit. 17. The
met hod of claim 1l wherein the step of fracturing
conprises the step of dilating a plurality of materi al
joints in the formation. 18. The nethod of claim1l

wherein the step of drilling includes drilling an
upper well portion wth a rotary nechanical drill bit.

34



19. The nmethod of claim 18, where the
rotary-nechanical drill bit conprises PJARVD
wombérodetsogy. 20. A nethod of drilling deep welRCTNS2065/022305
froma well head into Precanbrian and Hadean Era
crystalline rock formations for accessing thernal
energy therein conprising the steps of: establishing a
bor @0hal methiot lolf idfifingydees Mefl barastthn weldiiReaDinY Placatibrian and
least_a first and a second type of drilling
H%’ﬁ%fho%r& 6@9%1111% rpek Stormationsd deto ppcespi@eudhangal energy therein
hgﬁg qal drilling and a second net hodol ogy
|nclu i ng hyé}aullc drilling; drilling a first bore
hoI estgeleshingna bonhdld dnillﬂigl dystach ﬁmﬂx thatveelkhedd W$th at least a first
format | first odol ogy of th

> and g LR g Utﬁl)ﬁl 8‘3 lin rIPP pJosyrthg | }rﬁtgmﬁ%é’g%ﬁlﬂ I%V‘@ng rotary-
mdebhific8 @aillinghinaeneadda hitoddis st m@%ﬁlgf}%g?auﬁ@% O}ﬁ& into

the crystalline rock formation with secon _
dri [riilig anbirstidwet belp ssetion Gemuthecwelthiend iang;intaredfirst formation

e ' ne Wi t.hin crystalline
un%lg Jﬂs{lﬂgthg@(g{é& gﬁtﬁeré’e m C_’Pamfﬁtsé]rﬁgflﬁod of claim
20, dvitirged secbheé bbredhialel Isetiofirbiehbath ghéd Fiedt RShdI8skdtonEnto the
22. The nethod of claim2l, wherein the

drillin
10 erfsElieciogk [Qiagon it e eeanocuTIing makadabias aiiisdpmibe deiling
an®f entraining discreet high density solid particles in
adrilling fluid for cutting the formation. 23. The
met BerPsoig the therma@Znexgyeridhin tlteheys‘ta:ihrmtock rfoxcthé twda:gs theso.

i np se er o.the for t,.um
trazsm t? g "%’Otdr%ai dqut Wé’&reﬂéh }byi B)?lr fl?ﬁwlgamde
jetfliling. i n order to abrade and crack the fornmati on 24,

The et hod of claim 23, and further including renoving
15 t he2&br adBe neshadael Jaim2 1 awhergindthe atagticlé jes uigllhlmgwmeﬂiodcmgy

incliet 10, Ao AN, RIS, FEMI AL aflt i Be
fortchémgahe fon@ntgon. r eservoir in the formati ?n thtr gugh t he
f ts t ormthe
Fesbivoi The gietihal PR clta IciaR del FSERR G ¥sge impulse
enc@fP Hﬂpé?fed] t@'tﬁg foriMalibn %%/frhé&héinthﬂ t?efngﬁﬁttetdotoqhé @ﬁt’?&ah%ﬁgamcles

reservoi r and causi ng [urd to pass I nt
20 by Highettigg dnid ip ordenp @lmad@and ¢rack the écvmmtmn 26. The net hod

d fu t.her ,i,nc 0
nattone e R o PR 250 5ol Sk iaFluGHE eRavipgthe abraded
forsiuti@sst ah@pﬁﬂﬁ&t@hﬁroﬁgh theglowesenvitieréRGkndausi ng the

25.  The method of claim 21 and further including completing the well bore

to access a thermal energy reservoir in the formation through the steps of dilating a
25  group of joints to form the reservoir; alternating charging and discharging the group of
joints with a fluid in order to dilate the reservoir and causing the fluid to pass into and
then subsequently flow out of the reservoir.
26.  The method of claim 25 and further including the cyclic inducement of
simultaneous mechanical and thermal stress reversals on the reservoir rock causing the
30 rock to continuously brecciate and therein exposing new reservoir rock surface (shear
banding).
27.  The method of claim 26 and further including the step of imparting

multiple stress reversals to create continuous and incremental increase in high thermal
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rock to continuously brecciate and therein exposing

new reservoir rock surface (shear banding). 27. The
wombéron3zsf cl ai m 26 and further including the BEITRES2065/022305

inmparting multiple stress reversals to create

continuous and increnental increase in high

thermal differential surface are and reservoir vol une

difftrentd putfie @biahd trysetoiceslining wiletsbysheapilith & EsdinubllyPsheep
n in a. manner that allows nmuch great

th k f [ .
the, ptc BRI o Bivby oG HO bk BRenBRFo (N Bpwhemectd et wfficiency
rer@yeih; 8l aedp@moni df el dERBit) SvarfadieiyPthnic SSumEEp Rl

of claim 27 wherein the reservoir system conprises a

si ngBe dildemesthod efsdaivn2? wherain the résedepresystent doynprited £6ingle

: r yclical ar periadic production. 29. The
dideep GBS Pf Vsl Ene) dolhRaie ) Bxcdfa! of periodic
productioifes a set of nultiple independent reservoirs that

may he cycled in sequence so as to produce a
co%??nuo& © presritof glﬁmﬁ Réwhenein thearesprvoistsystay igtlates a set of

f; | evel oping a high
m?@gébg@&re lthgfgsea‘fbsr srtoﬁ%tgﬁlég%t%h rc#%l le EIEGi 1° ?50?0 produce a
cortitiess progugtnt fey that caietat stexdgrsgye riefheimtiapd e st

rodyctign _therefrom  the t hod conprising the steps

gf : q’g-st a Wﬁoﬁg"f;&a’&}@l%ﬁ igh fempegiurey ketedrywioek ggethermal

beast foR abdessihg FOGhEREA M at ¥REeyP et lahd i G, th
1rest he fior sz,l.t, mat%%gol ogy i ngl udign}g reotlaray- %&:@gn&gg& o the
megfqd qoppgisimgdhestepscethd et hodol ogy i ncl udi ng hydraul i c

y incl uding hydraul
e AT R ok BT il pr e eCatdamombbge of

drimigenatbeddlegy, Benfiat Methddoloky $hclRBAL rdiayEn&RGhicANIAIhS and a
k. wth hydraulic drilling methodol ogy;

tall, g . ar aul.
Secgl %%&ngxﬁ%iwﬁ&hy@ﬁ@rwlm;hi n the crﬁst alline
i t @ 1l e P
ot 08,8889 OGP % e i
sondribingt & eedond chare d®ld nedtioovbenearinihe cfirki Borevhdld seftéon into

i.on; ing bore hole fluid down
ors BRI o i BB 16 ensSioBBIo8S: hyar aul | cal Iy expand
t heefposicigWheGernad) @né&lﬁpeﬁﬂﬁﬁ RGr B A/ LR ri the SRANALRMRD,;

and contraction of the fracture cloud to generate
coi fiastuarg the ematplhap raekd inte ehfirdterg] clowd withgat deash sdmerof the

: j : . iQdic brecciating within
ﬁa{tﬁgg H{)@S‘g?%/ r ocl&‘%1 grrl né?iitge%ec\%ﬁgﬁ%r&bo &% ecci at i on
ser pesping dopuhgoshid dowAahe Mest taali | sgcmapss e @yl lilically
thg{rme di ffer(?nti al services on
expand the fractures; an

alternating the hydraulic expansion and contraction of the fracture cloud to

generate coincidental thermal and mechanical cycling of hot dry rock formations and
the periodic brecciating within the hot dry rock formation, whereby the brecciation
serves the purpose of incrementally exposing new high thermal differential services on
an incremental basis that will serve the purpose of maintain high temperature
production in the hot dry rock formation.

31. The method as described in claim 30 wherein the hydraulic expansion is
effected in an omni-directional manner both during the injection cycle and the
production cycle for substantially increasing the surface area swept by the working

fluid.
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an increnental basis that will serve the purpose of

mai ntai n high tenperature production in the hot dry
warmekosasmat i on. 31. The nethod as descri bed iPCTOUIS2008/022305

30 wherein the hydraulic expansion is effected in an

omi -di recti onal manner both during the injection

cycle and the production cycle for substantially

i ncr¥asi righetthethedinf elein 80 eahavivhe hydratiee &Mikj Atludes particle
b{§ﬁhg'32' The nmet hod of claim 30, wherein the
. y ralic drilling includes particle jet drilling. 33.

The 3et hotheOhethb@ioMcRdm IS HRldin ttllil;-epﬁﬁf‘:l"eg&lo&ljhgg methodology

. drilling methodol ogy includes the proces
inglhdsshe pregesgiof eptsainingidigerese hightdensity sclidpmrtidles ins dritlisg fluid

jidi ] . for cutting the formation. 34. The
oAl

I'm 33, wherein the formation cutting uses

i n(pBdse dhermgythbdrpdrdlaith 53) Whﬁeﬁ%g%f@ﬁi&ycﬁﬂ!@ﬂgéémmpulse
transnltﬂgd 0 the entrained particles by the jetting
enpielf RPRHE 1o LP (PERaPRICmaMEn IR ERnSECd &y thetdnminedBarticles

by thejefRizAd & ordbit MoRtie 2R drabl I'Eﬁ(fhfrﬁgr{x}étﬂ)t%lh udi ng renoving

the abraded formation at a rap rough the fl ow
of BPui d ThRenehedofidlaiB634, End fiethérothchifling Rinfovay the abraded

ui d dlaiGis _ o
folBioF ks PR BROBroiehing Py & nieBrasing Cycred to

prodéce Theywdthatiedf PAimPRT WREHef thE AABSHirsterd & :
net hod of _clai m 30 wherein the reservofrgggsfgﬁgyﬁmsamngk

discieet gereevor et isfindenentently icyeleddndemtiuceesecycticalsot Ipatiodic

prd¥tife cycled in sequence so as to produce a
conti nuous production flow that can be one of steady

st aB@ andhé methadasf elgim 38 whErsn fes Reeveis s§RbmTiREILdes! dset of
j ncluding a single reservoir

n“ﬁésin1 0 qfd further L )

¥ A RERGnp resereits dhatemgy bg eysledginrssauancefso as to produce a

cortiniiuhd FO8RYDniflivedbi QR Molal aner t hat
the i nljﬁgcti oﬁ well's | nj%gﬁe%g?tggﬁi;%%?lawgﬁaa &t e t hat
excédds The mytieeilies iseh fortt én @lrimha0 ayid| farthasimeliding a single

r cycligal l v expand the reservoir and store

resEOF e KNS llstSBTRE b Subosh P timuBaggous njection and

prognaitincihiaonamiet that titihjeb@dd Weld REULE Bt

h fl u%uati ng rate. 39.ﬁ'l'_he_ rrgt hglgééagsetca?gﬁ E"i‘?tﬁ t%{taef“rsﬁeds

the goqleHpRraie Rethe cyele\hapis inraaderdp tayelidally exparckte refervair and

M b T T —
at agiteadp on8nethbtyng rate,

39.  The method as set forth in claim 38 wherein the reservoir are vertically
stacked while remaining independent one from the other.

40.  The method as set forth in claim 38 wherein the reservoir are generally

horizontally arranged while remaining independently isolated one from the other.

41. A method of developing geothermal reservoirs in hot dry rock

formations, the method including the steps of:
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hori zontal |y arranged whil e remai ni ng i ndependent|y
i solated one fromthe other. 41. A nethod of

walsweb@piang geot hermal reservoirs in hot dry rEckUS2005/022305

formati ons, the nmethod including the steps

of :establishing a bore hole drilling systemwth at

l east a first and second type of drilling methodol ogy,

t he ebfabkshimgeé horkohade virillingl sysiemgwitbtag ladstne G RLE 8écond type of

1] nd a, second net hodal ogy. i ncl udi ng hydraulic
d“glﬁﬂ‘% wsﬁ%?aawﬁb? ﬁlf? Q“Q‘??&??O%PQU%% éofé@tmegrﬁnmai filinggnd a
set¢dnd m@h&doYodVEANAMNG HydMhlit Hﬁﬁ&'g- drilling a second bore

hol e section beneath the first bore hole section into
crystﬂlline rock with hydraulic drilling nethodol ogy;
expd&illng & fst borehale seatitay wilizing the rotetyemeshasical driltisg;

rock for the access to joints therein; dilating a

gr ouBigfe b A b&rel Servoir. apd. alternatel .
char gi ng and di scﬂrgrgcflﬁqgg%t[@ g%né’g%‘ the ﬁroslt ﬁ’f)ge &P@hseﬁxon mnto

crystaliing rogk with duydtagliciltifing rétkododsgs voi r and cause the
fluid to pass into and then subsequently flow out of

t he voair, 42 The nmethod as described in claim4

1Rl B neria) et SEhE By o o P ncbifeihe gecess 1o joints
thes¢inul t aneous nechani cal and thermal stress reversals

on the reservoir rock causing the rock to continuously

breﬁ i.,ate and therein exposing new reservoir rock
sur Q@E%fwgpm%ﬂ okRls IoieTa S reseEvainBRd in claim 4 1

including the step of inparting nmultiple stress

r evgh&atslytdhafl i9tal bP&S: 1
.increase iy_n tfr‘}grele%a]%uglh&tg %Hgélrgg H%i ?rp ﬁeil? gﬂﬁ %F@g@% g‘élg lgroéder to
dilafp the wesevQipiand wansgribe Wik ohyass hréo abd Ithenysubsequently flow out of
theGOdival I'y sweep the heat fromthe rock formation in

a manner that allows nuch great efficiency renoving a

greater anmount of heat density avail able per unit

vol édre i Shpneviadess deébdribdkhin Rinhad 29 MRS ifeRAide the cyclic
.dcla|n14 1.mqere|n the reservoir system conprises a
indgyemgns ofysunylizneoysgmeshapical pnhihermali siksy eaveesalsl gn theaksmivoir
rock @aui 6 * i odi i.on. 45. The

o o Rel9 r e R e e ook
surfiget em i ncl udes a set of nultiple i ndependent

reservoirs that could be cycled in sequence so as to

pr oghice c j nuou roduction flow that can be i
st eady s?%et gl_%gir? / %r éefsgrdl(g:) duu'é]t flﬁ‘ér_.’ 78, mﬁl_HE‘ '?‘Fl StPPaef weparting
multiplet btrésa revaials 4o krauhed chutiriudes ahd GhatdinBaaP i Q9L §n the fhigh
herSS §F 0|r@EaV|ng multiple wells serving the purpose o

t elgl?eﬁnﬁr ererd gurifarﬁeélgq aghresgiyoir volume whereby the ability to continually
sweep the heat from the rock formation in a manner that allows much great efficiency

removing a greater amount of heat density available per unit volume is provided.

44.  The method as described in claim 41 wherein the reservoir system
comprises a single discreet reservoir that is independently cycled to produce a cyclical

or periodic production.

45. The method as set forth in claim 41 wherein the reservoir system
includes a set of multiple independent reservoirs that could be cycled in sequence so as

to produce a continuous production flow that can be steady state and/or fluctuating.
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30

production in a manner that the injection wells inject
periodically at a rate that exceeds the production

wa abeonsest he cycl e basis in order to cycli cal InCTexgaesd22305
the reservoir and store energy in the formof elastic
string while a production well continually produces at
a steady or fluctuating rate. 47. The nethod as set

f or t46. i n THeainehd6 ashedt efbrthtineclaigs e VAId figier \{ﬁdlﬁdﬁ?u ¥ingle
st ac ﬁd whi | e remai ni ng i ndependent one fromthe o
TeSFEY Ol RRViR@ (TP gs ek SFWf%thenp%npawpﬁ@nmﬂanmw ijestion and

préRRALY f & nﬁﬁﬁergﬁﬁQﬁ@Hijé/ctLlaﬁ VAR n{l}@ét rﬁém?{hg%ﬁ]}?%ga %!Ek!hgt exceeds

remai ni ng | ndependent |y 'sol
thmgrodqrﬁg)meh@td thescyedst bisoy trhondar o eyoticdllyl expaed ehd rdsb@oir and

f. ddlschar of, the systemis
Sto? ¢ g{&ﬁg}( | Al u%g f Fﬁlﬁtl(‘sft@ﬁgé‘f i[el HPregustioa "&‘%ig?%“ﬁﬁalb}hﬂr(’duces
at dlstsadiasrfluetnatiag piteduce a sequence of cycles with
steady state |load follow ng production cycles

gen at eg, while still inducing coincidental thermal
n| cdie lll(?dngs Y &t Wsepis 46 fherrin Hiegresdrenit ane entically

staemi WRild I‘thaﬁfm% RcB SR o o). The nmethod as

set forth in er |nclud|ng drilling
at | east two wel I s wherein an injection well injects
per #8di cdhe yne&lnmijan fee fagtlt ini ¢lpiec#6 orherei de msrrtrchahretgemrally

ol el R it e ERenBheR Gy Refaiedne et e St

reservoirs aI ter natel y expanded and then allowed to
con#pact Tha nogtittel ad set enkiaichithhe *asRinNed sidpesMBlar@Ag and

ani cal stresses necessary to generate in situ
dlsrfrlg@%‘?’g o‘?tal the, BSteMLis SHhER| IP%lugﬁetheg%ﬁ wéitiming thej ahgrging and
dls@HanlMg eslpRbuét &%ﬁérﬁ%%"f*é%ﬂ@g \%uh §t:le \AE){A.ft%tl(%?l oggwmgtphoductlon

| 8ti ng geothermal pr
cychse penepdted yHilei stil an¢ﬂcu1gab®1h§/1delital\/\ﬂiehﬁalt hfe@lt@h:aﬂ cycling that

of..earthen. for tlons utilizing a first
res?‘té’lme%h E%F?l?tllonoﬂd SPR’#%&?&W fhe reperypihECkear t hen
forrmtl ons for the generation of the well bore;

ut i Bd) zi nGhametiotias k& hah iflélaink 4 DandFlrthPincRAl r% (ﬂfﬁilﬁg at least
cregtion within a hot dry rock region di sposed beneath

twq welly whgrein 3 dpestioneyelb i egte Pﬁlilwht?al]r}'gatailf frest injrtien rates so
thah fﬂeeraienls %rédt&sthaﬂj b ROMIRIduR 21 { rgtg Drag uceé:l %p{n Sg)r(ghlgtlon

ficient tenperature to oprre
we]é lsucrf‘bthet e sesepmirs fahemattel}om‘piaadﬁdmﬁ then #ilowddao @onttdbt ¢k order
hori zontal |y as determ ned

ent e rtica
fo %??e’iage F88‘%g’f“8§ Lal}/dt BFFHARICE] HEpssesdessiuy o senrsate in situ
res¢tvoili Btdctmtion whE theltede@Foit R JrodRed LEJEMUnhOs rate. -

51. A method of completing geothermal production wells including the
steps of

drilling a plurality of wells through a plurality of earthen formations;

utilizing a first type of drill bit through first upper earthen formations for the
generation of the well bore;

utilizing a particle jet drilling bit for bore hole creation within a hot dry rock
region disposed beneath the first earthen region;

terminating a first bore hole in a first Precambrian formation to a depth of

sufficient temperature to allow the development of one or more discreet formation
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creating a |lower fracture joint cloud generally

hori zontal |y di sposed beneath the first cloud; and
wohyads/@asiscal |y fracturing each cloud to produ®ETais2005/022305

reservoir volunme of dilated joints in the formation by

punpi ng at pressures in excess of the joint dilation

pressure and the formati on break down pressure. 52. A
fraststris aintoflowdst which iaregoridnesdTedrti NG @hokizEMta Ry E@&é’termmed by the
rOfo natlon the nethod conprising the steps of

@”one or nore wells to a depth suff|C|ent to

al | Qb&‘ﬁxﬂﬁé’tﬁigoﬁ)@@wndoéf V\i)lﬁﬂfh{ty Q %o?@%éfe%o.h{o § nﬁ/sr?rl ?eeglon for

of fractures or joints e roc or na
CrWGE a*ulpW@arﬁlaytufer mmtmiw(ggmeradlyl ]axtrlzngtailhehs’p@tsw Béneath the first
cwdgl 6 in the formation through at |east one of the
S; dilating the at | east one fracture or joint

VVI t mynranhealryOﬁkctﬁmgraidhoaow e %@Ndlfce rd} e f\%‘]‘lﬁ%éf O "dilated
g cool ed wat er , under high pressure ané VO

JOIPﬁtIB | for@glien By, gumpingyas Ppissiwras it gxcess afetht joioditdtian geessure
an&th%fﬁﬁﬁﬁfo%%réaﬂgy%{;é@@s{l? elastic strain within the

surroundi ng roc ternately opening and cl osing at
| east one set of discharge control valves and at | east

one sset 'Anjn?ﬁ?ﬁdcp Bf %995&?1% ﬁl%hn g5 Fltée?%ﬁ gpo\é!é ?aﬁ]r{clko%ntngtion, the

and froma east one 0
e in nd dlscharglng to and fromthe
meﬂggeio\%gglngq@%%v?%@aheat ed water fromthe wells;
renDV|ng at.least a portion of the heat fromthe
pr oduced dE180N5 98 mese Meslls e a Hepth spffisient éelallovo detdiepment of
heated water for thermal purposes.53. A nethod of
at lgash @pFasery ol sompdsadedf frachulesdrijoimtsaeithia thenokk ragtibhe
steps of drilling a plurality of wells fromthe

surface hydrewighllg frdcturingi éry diddtingatht hRurIofoiRS iR rﬂﬁe formatlon
utilizing a first type of drilling systemand neth

throuphdit idabt ditro?dghwélig: St upper sedimentary type earthen
formations for the generation of the wel | bore;

utilizin e e of St. n thod .
por CSIAPREENM, MR il oY SR B

for
uwﬂ%§98%ﬁﬂg99%% oﬂ the first sedinmentary earthen region;

forcing cooled water under high pressure and volume into at least one of
the plurality of wells to charge the reservoir and create elastic strain within the
surrounding rock;

alternately opening and closing at least one set of discharge control
valves and at least one set injection control valves to provide flow to and from at least
one of the wells and permit alternate charging and discharging to and from the
reservoir;

removing heated water from the wells;

removing at least a portion of the heat from the produced water and

using the heat produced from the heated water for thermal purposes.
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termnating a first plurality of bore holes in a first
Precanbrian formation to a depth of sufficient
woteopweasure to all ow the devel opnent of one @®@CTMIR@5/022305
di screet formation fracture joint clouds which are
oriented as determned by the rock formation in situ
stress fields; termnating a second of the plurality
of bore holes into a lower region for creating a | ower
fracture joint cloud generally horizontally disposed
benegth the first_ cloud; and hydraulically fracturing
eac h%cl ou‘g meghad of gisnerating gethernial praductingn wellsdintlading the steps
offoints in the formation by punping at pressures in
excess of the joint dilation pressure and the
formation break down pressure. 54. A nethod of
dri 19rilligg @erlpraliet bf beallesfrémotire suvfetd threagh anjlarality of earthen
fofhffkAbbri an and Hadean crystalline rock formations for
accessing thermal energy therein conprising the steps
of : establishing a bore hole drilling systemto dril

f r omtilinmgsufifsacypevdft drilihg kpdah add frhdthdd &NEHR tBBGEN Arst upper
the first methodol ogy

ype of drillijng. nethodal ogy, ,

Se‘i!hﬁﬁef‘ffm hge FBrlﬂ%ﬁnsf-o AIPRH if?,rége generationgpidhe wolhbwEs and a
second net hodol ogy i ncluding hydraulic drilling or
HPJ Rititizink | 4 B&boAd ftigeSbf Hﬂflﬁtghs‘%t%ms hfbhold ﬁgb%)Pere}sl?le creation

r

surface into a first formation utilizingt

within p gaRseriyentryt IesionJlidRivErd himedthitifimt sdierary@aghdiokegion;
section beneath the first bore hole section into the

cry A kon W th the_.second drilling..

et RO AR o Bl o P bt B RGPSk mering forigtion (o &
deptheofraifficient ¢gmpardtinientot hidove rejs t(ﬁlfélb?&ﬁeﬁtoﬁk oh®bor thigte discreet
foACCess. i ereto.155. The method of claim54, wherein _

TP § PAtEluds gichsare angpigr ee detsemipgd bple toell formation
in §ifiestfeqd ARBE,ON by nomentumtransnmitted to the entrained

particles by the jetting fluid in order to abrade or

crack or generally cutting the formation. 56. A nethod

EFREPENaGBE rig seconil g the menakityup £ bhret haley imtock lower region for

of
ryolr.far accessi ng geot hermal. heat
cre i DO TRARER R oy e Mol eftRl s et the firt
clogdmgmdi si ng the steps of: establishing a bore hole
drilling systemwith at least a first and second type

hydraulically fracturing each cloud to produce a reservoir volume of dilated
Joints in the formation by pumping at pressures in excess of the Joint dilation pressure

and the formation break down pressure.

54. A method of drilling deep well bores from a well head into Precambrian
and Hadean crystalline rock formations for accessing thermal energy therein
comprising the steps of:

establishing a bore hole drilling system to drill from the surface with at
least a first and a second type of drilling methodology, the first methodology including
rotary-mechanical drilling or PJARMD and a second methodology including hydraulic

drilling or HPJD;
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drilling nethodol ogy, the first nmethodol ogy including
rotary-nmechanical drilling or PJARVMD and a second

wambéiedsdsogy i ncl udi ng hydraulic drilling; driHdT/ws0@s/022305

first bore hole section utilizing the

rotary-nmechanical drilling or PJAItMD; drilling a

second bore hol e section beneath the first bore hole

secti on idnllinga Yisdtdokd helerseetonirbin thy Gndatel atdls 'f'rit'fHSnatlon
nmet hodol ogy; exposing the thermal energy within the

utitieingttied fitstethoablobPbf hePJARGESS thereto; fracturing
the crystalline rock to forma fracture cloud with at

| east so n
t he seco%llg{& Igﬁuo%{elaog)tééé? :S%ngeg%%lln%%eﬁ&o%eﬁﬁgf’ Pl?‘ﬁﬂ‘? gection
I rst econ orehol e sections to
i A" cbyRll s REEOE Rt ePeimeCariihg metandelagy e horesuli
Drdtagilc expansion and contraction of the fracture
0 generate coincidental thermal and nechanica
cycling of hot dry rock formations and the periodic
br ecci at ieMepsiig tiertherhal leoergy withindhe trystatitrieanck irethe hiecess
therdtg brecciation serves the purpose of increnentally
exposi ng new high thermal differential surfaces on an
|ncrenental basis that will serve the purpose of

ain tepperature production in the hot dry
r oc f or Pfg? %%?ﬁh(’ds‘?f clee e tWhstein dhel deroratibn duttingcisgs impulse

end? t I [ effe ted
0B R APVALRAS) BRRLS Ay COpL e B
by egriéing fltid inrgerdd alotaidoor c:ryd«t @ demeratly bﬁﬂtﬁigtﬂhe’ﬂfol‘rﬁatlon

i ncreasing the surface area swept by the working

fluid. 58. A nethod of processing chenical reactions

utilizing a reactor vessel imersed in a geothernal

progéict i Anmegtoll dfMdeREMPIngt # hidh RMdeRRuBaRk fh?g Bk BEhermal
eners gy to initiate, sustain and/or support
reSEIY A IPT ereSsig eenthormat heas rpnergyt thersint hed prsottom thessiem, the

nwﬂﬁdQ5g§ﬁmhgﬂ&ggag%k chem cal reactions.

establishing a bore hole drilling system with at least a first and second type of
drilling methodology, the first methodology including rotary-mechanical drilling or

PJARMD and a second methodology including hydraulic drilling;

drilling a first bore hole section utilizing the rotary-mechanical drilling or
PJARMD;

drilling a second bore hole section beneath the first bore hole section into

crystalline rock with hydraulic drilling methodology;
exposing the thermal energy within the crystalline rock for the access thereto;

fracturing the crystalline rock to form a fracture cloud with at least some of the

fractures in flow communication with the second bore hole section;

pumping bore hole fluid down the first and second borehole sections to
hydraulically expand the fractures; and
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alternating the hydraulic expansion and contraction of the fracture cloud to
generate coincidental thermal and mechanical cycling of hot dry rock formations and
the periodic brecciating within the hot dry rock formation, whereby the brecciation
serves the purpose of incrementally exposing new high thermal differential surfaces on
an incremental basis that will serve the purpose of maintain high temperature

production in the hot dry rock formation.

57. The method as described in claim 56 wherein the hydraulic expansion is
effected in an omni-directional manner both during the injection cycle and the
production cycle for substantially increasing the surface area swept by the working
fluid.

58. A method of processing chemical reactions utilizing a reactor vessel
immersed in a geothermal production well in order to allow the geothermal heat energy
to initiate, sustain and/or support the conditions and or reactions within the reactor

vessel in order to conduct chemical reactions.
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