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CO* _PCT/ US2009/ 054588 USI NG H D FLUDS OF O L AND GAS
OPERATI ONS TO PRODUCE ENERGY FI , L NVENTI ON [ 0001] Provi ded herein
are proces Al Apparatuses for gener g useful energyss § heat
cont ai ned ﬁﬁéé s@%ean1of produced f1UiI¥s—from for exanp?e?kaﬁghgn [ or gas
oper ati ons. BACKGROUND AND SUMVARY OF THE | NVENTI ON [ 0002] I n |ight of

ener gy pri ceVSENG RBATRROENPRODILIER Fhd/IDSIQE OIRANB GAD OPFFASTIYNS t he
production of energy such as el EOPRODUCERRENERGY t her nal equi val ent are
needed. In that vein many processes have been used to convert waste heat to
electricity. A process limte gﬁaﬁ. hd; sources is described in,
for exanple, U S. Patent No. g?%@ngﬁ ﬁ?ﬁE§§EP§§s usi ng the waste heat
froma naturally occurring hot water source to nake electricity. Another
process is @88Hri bed Rrevidgddiergm prgproakgses &dsippamsygesi far gemicrahng vseful jcgergy
extracted f hﬁ / . I Unit t i . or that
gener at es e{r(grg}tél Cl %O%aﬁegdg%ﬁ?agfg(?lf(f’:rﬁéeﬁwp]gglggwg& %[r)(rg%%:n\{ses’%\}\%gaéégézsri bed in
Wrld G| Maeratd@8 No. 9 (Sept. 2007) where an attenpt was nade to generate
electricity fromthe waste water of an oil field using a unit that was
"field-proven in other kﬁﬂ?ﬁ. : qaﬂi r i il field."
It was believed that tﬁﬁs moupgﬁa%r '%gggﬁégﬂﬁgﬁﬁjﬁﬁ$$Kgggﬁ&£fer streamns
[were] of high quality” with "the only contam nant [approaching] the
surface disi®fe2ige |i miightofehirey pnes'and breihocsal doncamas akamnativs@docesses t he
wat er " should 0ot BEESEN endiel Ol AGIALORL A [ Nbiey SRGLASH TR, LRIt 18 heat
exchangers as e wdat er tenﬁ@ra UPe GecH ea%es® Mg 1 art e enpts to use
geot her nmal thewteiramenydprscass:s davalcePR(GREDDINES, wakteihicityte Slecteindy. e pkahap on
GEothernaIlRese voi r En iﬂegrin ,.S%anfg%g qﬁiversht S t anf ord,

Cal i f orni a, "534 tﬁr%?(’t??‘-"g‘ FUEO0T “EePITRI B3 Al P and> feny firnal, MKenna
et al., Seps e6;Re4220K6h erﬂﬂo¥§3&|sir€g0the WAHE hedd BroH ¥ hdturbiMPodRuARRNot Wiéention
probl ens such as fouling of process equipnent prevented using heat from oi
ancUor gas Wpesrde mgke ¢leeiricibef Mothaneragyss iy @m%'}eﬁhmy,-s-\ﬂqiepw?rﬁfﬁ1|s§r4§é'ésses
have been '\Qﬁf%ﬁ‘hsﬂ id &rEBEFraMGhELAGL bEL gaYs bR (OB RY éﬂ@@t}or%‘?t her mal
source |like hot water or steam no proceSs exists to extract heat directly
from a prodgmexessiengicay.or nul ti phase hydrocarbon, fluid and convert
1111111111711111111 1111111111111 11 *@00001* it to a useful energy
source such el ect y Cli -di o . egg@g ich can
ef fectivel yloggfﬁ ef fi c#egﬁ{l(%{?/er g%\a{elgtp g%tw%?gfeg{bggglsﬁﬁﬁ%%%@é fl(l)j;y(;s to a
useful ener@gpis 207 evhkickan agbrapt wasahdde.to pERE#H diba@ricitysfranthel waseenvaterofpr ovi des

Conver i mg. ol TEGHERE ot T produEtrerLRaL et BOgyE deirardihe
m xtures tharéipfieldo Rwasbéfeved tht tHSvoalRokS BRERAGSIR of BEROdtéGedmor ot her
useful energy such as heati gg‘anot her streamor fluid. [0006]|n one

t

embodi ment , WY of Righgmelity nweth( ths enlyeoriemdnanblappigadened shoryrfagieditchaib ng a

heat ed wor kjifAg id dhrfhe N herOBe, RGeS JRARLR 10 tQMME ShAH A Prdd¥nt a-lfﬂﬁir%r 0cess
conprises gathering a heat containing fluid conprising oné or nore
hydr ocar bongrobleonm ghe gspthemnal gag’s bpaseachiangersvisethe vates tempetaene decarsesi ni ng

fluid conpré: [ - r bst jally

[ qui d phassripy At bRl Kl ARRLs BRETREEINGE. PG aRbi
preferably Wepahei etdGestbernmaR eheswoirngitekrtd, Btantoyd UaivetsitgStafoxt, , a vapor
heat exchanger. and_a |iquid heat exchanger nay then be enpl gyed to exchange
at |east a %%Jrfﬂn&a?’%wa&y “He AP0 - Rk and myﬁlﬁﬁg@?%ha

wor ki ng f1 ugght tsheo®Pyp Baofkcinig v JABRHE Predt kivaskidd prbblemd BRNRS fhulidg woT Ki Ng
fluid may be capabl e of converting energy. [0007]1n another enbodi nent the
i nvention rR¥PedseequiRpment prayerted using hogh fiem£ilisnd/onghreneationdr ubatel ApRyd t hat
may be capabl e of converting energy. The process conprises first gathering
a heat contgippdng {1 uitels GRHIRIhadly HocROEs Rive BRELin DAL FERIAS efebitian oi | or
gas operation. Next, the heat containing fluid is passed to one or nore
heat exchaniemg convesiiond gepthermal soame liéseg@trwatmvr@feamh@o preegss eosis & ned i n
said heat c Il fhyukd t | |_ui I I C

wor ki ng f|d$§5?kﬁkﬂﬁg§h%§g%gﬁg ?ﬁQ%Fh%%ﬁ%gﬁPﬁ%3£25eP%@&%EH§§%?% %@&S?he
heat containing fluid is a m xture conprising oil, water, and one or nore
gases. The working fluid- may.. r which includes, for exanple,
untreated or treated materhmM@@@Eﬁ&EMMMter, as well as, deoxygenated
process water and may be e T 't'or exanple, a closed |oop

i nternedi ate system [0008]In aw®ther enbodi nent, the instant invention
relates to an apparatus for _generating a heated working fluid that may be
capabl e of converting energy. The apparatus conprises a well head that is
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heat exchangers for power generation. [0011]]FIG 3 is a schematic of one
enbodi nent of the invention enploying two wel ded pl ate heat exchangers for
power generation and use of process heat fromthe cooler. [0012]FIG 4 is a
schemat i ¢ 0 200828 0odi nent of the invention enpl oyi ngpwsymbiadsspl at e
heat exchangers for power generation and optional further heat exchange.

- [0013]FIG 5 is a schematic of one enbodi nent_ of the invention enploying
two wel deditjpd apsefil saeree seineayel as slestrighweccordahaney Rrosprey e nesdedr ocess

heat from | Q223 BECThSROPY POABEB Q04N ELG 6 is a
schemati c %ﬁgﬁgﬁgﬁ}g%l%ﬁ@gggﬁe&%ﬁ%n%%iggén err%oiof?nél t wo 1\A£ﬁ%de(§ pl ate
heat exchaagegssohoe lipowkectriggner ati on and use of process heat fromthe

cool er. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] The i nstant process

i nvol ves g ting h kK . ' L& ipf an oil
and gas opgdrbﬁ%fon. ee‘ﬁsﬁ%“gﬁ‘évéﬁ‘%ﬁ?ﬂ%“’%?’é{éﬁﬁﬂ eggrr@{)%%g%gg%{ﬁr{é%s}t one
hydr ocar bogffestidlelyrayd bficensy agivertinh asa contained ini préducphisidslikdoil, gag, hatdneat ed
working fluid is often capabl e of converting,.i.e. .transferring, storing,
and/ or pr oﬂ%fgﬂ@" Frﬁﬁto?ﬁ@né’ﬁéﬁlﬁv Wﬁg’/ast%ﬂ%%lcéﬂ%ﬁ%cgh‘i}té’rﬁr8 Y5 dependi ng
upon the spRehf dueh RS RGERS aIilr Y&eh offiid.exanpl e, energy of the heated
working fluid may be converted into electricity or another form of power

such as thermal power. Al tg{){gati vg{l y, the 'energé of the heated working
fluid my B9%ked i nnoRE cRANHEMER BRHSHEF MEFYOBLLAEYH0 FPPCEXipl e, heat a
fluid stregelfinpatdated 8\%%' fiG@tHa0SaPbe SHUBIE oPEorvORME bh& gy t PhSHBRsOL her
usef ul for%\éﬂocf lggerg?/t: \[N001 The_Sr oégses%isypi ((:)al?y begi nsg)éy foiSI?st °

gat heri ng, cemprises gathetingiarhgat entanang Gwd rempilsieg gricir nore bydrecagnh &Ping devi ce
such as a wellhead, e g an oil_ . or - : her hydrocarbon
wel | head. ‘i“ﬁgll 8?%2151?8%3%?? ‘é{ﬁe Qlagflﬁggétncgon%& H‘g@‘llgg@ﬁ%@%g@ Earsg% gas,

associ at ed syiBtaatialrvapomnihiaseednidarssbdtdreiaBp fiquidiphdse. Homdtiphabs ledsubsiardially

conveni ent manner. .This could inclu nat ural reservoi.r flow i mary
recovery) &fPOERPISEYS ‘H‘@“ ?)rﬁg’ra(??y ?’?B?réteggmfrhsém{ Sé‘#’f%'ﬁ)aﬁﬁ\:{lqg@@&?‘?&a&% &covery,
tertiary rQgRfaEMexdHaBEd¥Bhd & HGAN BB ekéhaBger Blagalidnl RREHpRGkd & exchengbudr ocar bon
reservoir, and conbinations thereof. Additional recovery can be perforned

by utilizi IystarRoriqncatae hoar qontaineddp gachof gpid phaseniani werkingifitd thergbepi ng uni t,
plunger i llodu%ﬂ% ;1/ hidtld w@&q{ge}wlid.c'rﬂe' Hehted S\{orléhé‘ﬁhi@rma?%tc%%)e ofSuch terns are

wel | under st oo one of sKi i and gas art and are descri bed

in the oi
in, for exaoplegingSoerigunberger QI field dossary, which is incorporated
herein by reference. It is understood that in geothernal processes the
primary fUi‘(ﬁfﬂHP” IS pedbthk SRYRAN MRRN BT A B RliatdsSo S ptdcaG! Bt A he earth
for conversion to energy e 0|T and gas field operations prinary purpose
i s the prodeatd workafg fhiid thanmiapbe ¢ppsblanficonmertivg exergy. Hiedyrersay ¢oarpsises

[ 0017] Addi tJ gnal | the. af oreneRtio .0l At ti-ficial
i1 1 echnigned s 48 ANE D EH e o0 RS PRGEAA Rl il
processes. oAgastopsiatiomeNexit/tht heat ¢dmdiaing éldidGe ptdat tomine YomksHept gxghdigers San
Franci sco, 200 % th[e entirety _qf which is_di. nCOJtFO{at d .he ejg by

ref er ence) 'A% ab|cagt apprtiog of fiedigaiconteipgd fhgd eg} copfaning HuidQaye) s i s
of ten not kegkihg Adidl ThEgRsdRESEhcafRBRIrkiag FiGidShat Ty HeicspdboE s Ly kg

geot hermal wel|l nmay be expected tao self-flow at sorre,ratfz, but subnersible

punps of eicn¢iay. Pusterably dhediear eonpimpgtiyid inpisrtwg compRtingel (aer A7) onG

el ectrical SURRRL SO RIMRE RSy B WadterRphidiSRELEQ, &% SkSiiplé, WaweaaroPr ovi de
control. Agdltl ohally, in contrast 'to heat recovery in geothermal processes
wher ei n anyrested antearsdftencd prataneasirelliag, degxyasaaedreress Water yndomaybs marily as a
heat carrier to t act t vert to energy, in the

i nstant i nvel qug%ﬁla%of}‘ e\’/(v%{F@fg‘fal %%Sgﬂ(fogﬁxgguneggrté %rsggllr']ti onal secondary recovery
or steanflood fluid or chemcal flood fluid under traditional tertiary or

t hermal red®¥08ty haslnmnpthcnembodimepobeinstaniinyentiah rdlates toranaprargnsiong ol |
and/ or gas producti.on _and .ecovary of ocar i sane from
The reser varrlE 4iBHoFAEnEERYS e By BY ELRBRIGT RN RBER) The ST

wel | head i sippdratenctenprises €oalilichd ehadineamblardipeoduaing @ hamtdboringwsluig assenbl i es
or systens at the surface Bf a V\ﬁ?” or . are erval ro. i rﬁ]e\?égect i.ve of whether
wel | or reSBMPHTIRS P 9raRare Byracarvons ghgrempaydieat-qenedning ANGSPMRESE 2hay
include a single wellhead or a group and is usually enconpassed within the
meani ng of the broader term "gathering-3ysteni. In other words, the heat
containing fluid is intrinsically primarily derived fromoil and gas field
operations wherein oil and gas field operations neans primary field
operations associated with the exploration, devel opnment, or production of,
for exanple, hydrocarbons |ike crude oil and/or natural gas, inert gases,
as well as, associated byproduct fluids Iike water. This, of course,
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[0026] I n sone oil wells, casinghead gas is produced along with oil and may
accunul ate in any annul ar space present, e.g., between any tubing and
casing. In such situations, it may be efficient to desi gn the apparat us
such that sushgessfry be taken off at the top of the Webkwsibobdisss
separator, or both. [0027] Heat exchangers are comonly enployed to exchange
at least a portion of the heat contained in the produced fluid to a working
fluid For lessaapubstantiallyaysper phase andhecibsigdialintigid phasel Theirparpestalsoxchanger
may be enpl t e ained in
each of sai% gésea s%?%gfgpgt\gt ‘Eo#r%@?%o@m@% ttc{ tﬁlg wl lhéag Tﬁg @épﬁ c{}té S wor ki ng

fl ui d capabdapatdé ofCsepareting sagl ﬁhﬁarg;ally eralgxr Jpha&sk dohr satri sujostamtmllsrmqeld physei cal | y,
from about 50 to,about, 80 perce tal heat contarnrn fluhd may be

1
Fea apoUt 1R en gER AR s A ey Srret RSP i e B8 Shfkndl et ont

fluid such a ogﬂﬁﬁe frora s Rparbloklhll exehdhge atli@xsah Eartmr Bfthztneartrszﬁt@lh‘erdnn( a Cl14-30
al kyl aromati ¢ ivatives), oil, refrigerant, hydrocarbon, water, or any

m xture thepiou StF’BIa“éé[%Ie’th%feaQ/aWPél%?&I flyig thereby Paqdugingahssted wogingen
preferred whji @ap%glfeto? @@rq'egfng@ﬁ@r?y gﬁﬂﬁfuﬁﬂw@f &%ﬁaﬁ%m"‘@%?&alﬁl? cEnrfek @@ &fkhk 00D
internedi ate systemis nore preferred. &w028]The heat exchangers may be
made of anySeBHAPEIP asppt rt@tsabstmllxahgrulea e frogrthe &I@gtatm aBdefchargeas leafiey do
not facrlrt nd t hat

el ded pl at DOSTEHEREne:P ok IR AR SRR R pkhe RIS GRER AT L0

st ai nl ess sheeby Bbbycimg a:k@tedatzdrbnyrg flugloqapae of @kedrtiag I:ro:y@j Eteuppamm car bon
st eel , trtanrd%% qkhvar ous ot her carrosion-resistant a gﬁy

enpl oyed. 145% HPIEAYRGRRIPFISCY NG Of TIOK PIREAT-8- A& 195 AIgET CORg Y %rs’t Sra bstantial |y
vapor phaseonhdtt&iadeheaipoicicabiXchargBe theajaald HeesdxcrangBasgeith Gaednsfet the
substantial |y vapor phase such that upon exiting the vapor heat exchanger

the stream hfasd povang flgidtedergxample 6pa\trertﬁlart§tp %F@F@@rﬁlecdfc“tytf@“h%‘t it had
upon ent er i gt RRriMAP ALidRB 8l theXEIRAGEY to, RIrTkdrRpib Yheat ABthkl fithsh iRBAL of
exchanger cool s the substantially i gui d phase. 1n some embodi ments the
l'i quid heatheatithanger cools the substantially |iquid phase such that upon
exiting the liquid heat exchanger the stream may have from about 10 to

about 90 percent of the MFDES&ﬁPm_(ﬁn@ﬁrﬂﬂﬁg NG§aui d heat

exchanger. Advantageously, In sone e iments t vapor heat exchanger and
| i qui d heat|ggygihangers;@ay;she ek lbeond HHSIRISRAR BE Ih¥ iRlenORtEerifiGiitwo Thi s
facrlrtates operation so that one or other exchanger may be cl’eaned or
servi ced whi¢lded Hate bedtexchaogars fonpewergsnereiiory. [ 0029] Wii l e the invention is
capabl e of being inplenented in a variety of ways and specific apparatuses,
Fi gures 1- emat i I WEIRG ;

ingention 6[[Og‘gQO]In d%gs &- fﬁQBSE e@¥%89 ebf%ﬁlsuc g{a%m$ﬁngﬁﬁead i's
typically Iltw@atxedalatm(forpmrgqne(abuoh and gas field operations). A heat
containing fluid conprising one or nore hydrocarbons is produced, i.e
extracted, t he I ere the
heat - cont ai [rfit)pn flui é|}sﬂs%ga(1zcal\er§rt?a<tal OH) éo&a%?urﬁgﬁ %I‘&ﬁt? "gglg%ﬁ%ggo and
subst ant i alwslddd pjub(ﬂecphadmngem&r@ewar@hemnﬁ argl usé bﬁpsroeesye&sﬁbm\mer ein the
liquidis segfrated by gravity and therefore falls to the bottom of the
vessel wher®%Y is wthdrawn. The vapor travels upward at a velocity
typically designed to mnimze entrainnent of any liquid droplets in the
vapor. The [0afR)r exi F3Gt4HR atsofenmiticofienv@sisrimentof te dehti@l emmpldyisg sapar at or
2 may be a vessel capable of renoving inmscible fluids havrng di fferent
speci fi c grdfied R hpat sxehengsrator RewetRenrriionRepHend! Sutheyhqaneehigecul ar
path and using the radial accel eration conponent to isolate these

cont am nant[som g. CENG/3 fsugahensdip dF aiicddmbddieht bAht édvestgradnailoying twdie vapor
phase 8 may fransferred to condenser 3 while the |iquid phase 9 may be
transf erred"él gedcr&err«‘ dpatgxcheppriefos ppwe aegeratlwraf}r@rmrne%rroweh%gem théid i s
typically aghgaloexchange device or unit used to condense a vapor into

| i quid by absorbing the vapors' latent heat (and potentially a portion of
any sensible heat particularly for, for exanple, heavier conponents) into
cooling fluid (i.e. water, refrigerant, or other cooling fluid). Cooler 4
is a liquid heat exchanger and is typically heat exchange device or unit
used to transfer sensible heat froma fluid (plus any |atent heat from any
carryover vapors) flow ng on one side ofy_a barrier to another cooler fluid
flowing on the other side of the barrier. In this manner at |east a portion
of the heat contained in one or both phases (dependi ng upon the specific
enbodi ment) is exchanged to a working fluid shown as internedi ate heat
exchange fluid 7. In one enbodi ment, the heat exchangers may be configured
to be controIIed and/or operated separately If desrred this allows one to

o 1. . o . 1. .



BOPD 4,599 4,163 |1QG 1 Water Cut BWPD vol % 12,435 7,732 73 65 G| Cut
vol % 27 35 Vapor Flow Rates' Total MSCFD 19,818 17,940 Gas MSCFD 1, 150

1,041 SteanBSPD 2,530 2,290 Inlet Qutlet Operating Conditions Max M n
Li qui dVapowoheimmeiature | T PCT/US2009/054588
[0014] FIG. 6 is a schematic of one embodiment of the invention employing two

welded plate heat exchangers for power generation and use of process heat from the

cooler.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The instant process involves generating a heated working fluid from a
produced fluid of an oil and gas operation. The produced fluid typically comprises at
least one hydrocarbon and may be a single phase or multiple phases while the heated
working fluid is often capable of converting, i.e., transferring, storing, and/or producing
energy. The energy may take any convenient form depending upon the specific process
employed. For example, energy of the heated working fluid may be converted into
electricity or another form of power such as thermal power. Alternatively, the energy of
the heated working fluid may be used in the same or another process to, for example, heat
a fluid stream in need of such heating or saved or converted to some other useful form of

energy.

[0016] The process typically begins by first gathering, e.g., producing, a heat
containing fluid from a gathering device such as a wellhead, ¢.g. an oil and/or natural gas
and/or other hydrocarbon wellhead. The production and gathering of oil and/or natural
gas, associated water or combinations thereof may be accomplished in any convenient
manner. This could include natural reservoir flow (primary recovery) or employing one
or more of the following: secondary recovery, tertiary recovery, thermal recovery (e.g.
steamflooding) of the hydrocarbon reservoir, and combinations thereof. Additional
recovery can be performed by utilizing artificial lift methods (e.g., mechanical lift,
pumping unit, plunger lift, gas lift, hydraulic lift, or similar systems). Such terms are well
understood by one of skill in the oil and gas art and are described in, for example,
Schlumberger Oilfield Glossary, which is incorporated herein by reference. It is
understood that in geothermal processes the primary function is heat recovery wherein
heat is extracted from the earth for conversion to energy while oil and gas field operations

primary purpose is the production of oil and/or gas and recovery of hydrocarbons.

[0017] Additionally, the aforementioned oil and gas operations artificial lift
techniques are used in a different manner than in geothermal processes. As mentioned in
the “Enhanced Geothermal Workshop pg 9” (San Francisco, 2007) (the entirety of which

is incorporated herein by reference) artificial lift techniques like that for oil and gas wells
-4-



deg F 350 270 20019C Pr essurel P psiq 110 ‘75 858t Water Properties
Viscosity cp 0.15 0.21 0.31 Density j Ib/ ft3 54.81 57.43 59.67 Ml ecul ar
Weight MW I b/ Ibrole 18.02 18.02 18.02 Heat Capacity Cpl BTU / (1b*F)

1.13 1.07 iw@®%1dkesl Conductivity kBTU / (hr*ft*F) 0. 381Rs4Robs43 O |
Properties (Typical 12 deq APl Pseudo- Viscositycp 9.46 22.64

is often not required in geothermal applications. This is because the geothermal well may
be expected to self-flow at some rate, but submersible pumps of either the line-shaft
variety (powered from the surface) or electrical submersible pumps (ESPs) will be used to
assist flow and provide control. Additionally, in contrast to heat recovery in geothermal
processes wherein any steam and/or brine fluid is used exclusively or primarily as a heat
carrier to extract heat from the earth to convert to energy, in the instant invention any
waterflood fluid under traditional secondary recovery or steamflood fluid or chemical
flood fluid under traditional tertiary or thermal recovery has a primary purpose of
maintaining or increasing oil and/or gas production and recovery of hydrocarbons by

sweeping same from the reservoir, as well as, serving as a heat carrier.

[0018] The term wellhead is intended to comprise one or more valve and/or
casing assemblies or systems at the surface of a well or a reservoir, irrespective of
whether well or reservoir is located on land or water. The term wellhead may include a
single wellhead or a group and is usually encompassed within the meaning of the broader
term “‘gathering system”. In other words, the heat containing fluid is intrinsically
primarily derived from oil and gas field operations wherein oil and gas field operations
means primary field operations associated with the exploration, development, or
production of, for example, hydrocarbons like crude oil and/or natural gas, inert gases, as
well as, associated byproduct fluids like water. This, of course, includes the case in
which an aquifer is discovered while exploring for hydrocarbons in which case a heat
containing fluid may be extracted and exchanged to produce energy. As further
explanation the heat containing fluid is typically not derived from an operation which is
primarily a transportation operation or a manufacturing operation such as a steam turbine

system.

[0019] The design of the gathering system, ¢.g., wellhead, from which the heat
containing fluid may be obtained is not particularly critical so long as it is capable of
removing and delivering a sufficiently heated fluid. The heated fluid may comprise any
fluid capable of carrying and transferring heat. The heat may be naturally occurring or
unnatural such as the heat resulting from, for example, injecting steam into a well. In one
embodiment the heated fluid is not separated or is incapable of being separated and
energy is produced or obtained directly from the heated fluid. In one embodiment the

heated fluid is preferably capable of generating at least a substantially vapor phase and a
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81.99 Density Ib / ft3 53.44 55.59 57.56 Ml ecular Weight: MWIb / |bnole
250. 00 250. 00 250.00 Heat CapacityCp BTU / (1b*F) 0.51 0.48 0.44 Ther nal
Conductivityk BTU/ (hr*ft*F) 0.08 0.09 0.09 Gas Properties Viscosity cp

0.02 0.02 WoQoiokeenssty |b / ft3 0.51 0.18 0.31 Ml eculpar/ideioghisssdN | b /
| brol e 33. 11 33.11 33.11 Heat Capacity Cp

substantially liquid phase after separation wherein either one or both phases are capable
of carrying and transferring heat. As used herein, a “substantially vapor phase” means a
component or mixture of components that is at least about 80, preferably at least 90, more
preferably at least about 95% by volume vapor. On the other hand, “substantially liquid
phase” means a component or mixture of components that is at least about 80, preferably

at least 90, more preferably at least 95% by volume in a liquid.

[0020] The heat containing fluid typically comprise onc or more hydrocarbons.
Such hydrocarbons include, but are not limited to, those selected from the group
consisting of lower molecular weight hydrocarbons like alkanes having from about one to
about six carbon atoms, as well as, higher molecular weight hydrocarbons such as oil and
mixtures thereof. A substantially vapor phase, if present, of the heat containing fluid
preferably comprises gas, e.g. methane, steam, or a mixture thereof. The substantially
liquid phase, if present, of the heat containing fluid preferably comprises oil, water, or a
mixture comprising oil and water. The rclative amounts of substantially vapor phase and
substantially liquid phase present in the heat containing fluid may vary widely depending
upon the nature of the produced fluids from the wellhead. However preferably the heat
containing fluid may comprise at least about 5, more preferably at least about 10 weight
percent of a substantially vapor phase. On the other hand, the heat containing fluid may
comprise up to about 70, more preferably up to about 30 weight percent of a substantially
vapor phase. The heat containing fluid may further comprise solids. Such solids may
include, for example, small amounts, e.g., less than about 3% by weight of sand, clays,

other materials and mixtures that are produced.

[0021] When a substantially vapor phase of the heat containing fluid comprises a
gas, steam, or both, the gas and/or steam may be present in any amount and have any
characteristic so long as the process is not significantly hindered and the apparatus is
capable of handling it. In some embodiments, the amount of gas in the substantially
vapor phase may be from at least about 5, preferably at least about 10, up to about 30 or
more, preferably up to about 15 mole percent gas based on total volume of substantially
vapor phase. Often, the substantially vapor phase comprises at least about 10, preferably
at least about 30 mole percent non-condensable gases such as methane and may also
comprise other non-condensable gases such as hydrogen, oxygen, nitrogen, argon,

helium, ethane, ammonia, benzene, carbon dioxide, or mixtures or compounds thereof. In
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BTU / (1b*F) 0.32 0.31 O. 3(' Therrral"CondUCt:ivi‘ty k BTU/ (hr*ft*F) 0.02
0.02 0.0; Steam Properties It hal py of Vaporization HvaplBTU/ |b 871 931
88?7 Viscosity | cp 0.01 0.01 0.014! Density Ib / ft3 0.29 0.10 0.227E

(e o oSt 2 Ol Gonduct 1 vity kBTG | (nr PETRRTRAISEEC,
various embodiments, the gas of the substantially vapor phase of the heat containing fluid
may be characterized by one or more of the following characteristics: (1) an average heat
capacity of from about 0.12 to about 0.59 Btu/lbm-°F; or (2) a thermal conductivity of
from about 0.0069 to about 0.098 Btu/hr-ft-°F; or (3) an average quantity of magnesium
of greater than about 10 ppm; or (4) an average quantity of non-condensable gases of
greater than about 1% by weight; or (5) greater than about 90%, preferably greater than
about 95%, of the total weight of quantity of non-condensable gas comprises carbon

dioxide.

[0022] When the substantially liquid phase of the heat containing fluid comprises
oil, or a mixture of oil and water the oil and water may be present in any amount and have
any characteristic so long as the process is not significantly hindered and the apparatus is
capable of handling it. Useful amounts of oil in the substantially liquid phase may
comprise at least about 1, preferably at least about 20 weight percent or more, up to about
100 weight percent of oil. In various embodiments, the oil may be characterized by, for
example, (typical 12 degree API pseudo composition) one or more of the following
characteristics: (1) a viscosity of from about 1 to about 1,000 cp; (2) an average gravity of
at least about 5 APT up to about 70 API, preferably up to about 20 API; or (3) an average
heat capacity of from about 0.43 to about 1.61 Btu/lbm-°F; or (4) a thermal conductivity
of from about 0.06 to about 0.36 Btu/hr-ft-°F.

[0023] The heat containing fluid may be any temperature so long as there is
enough heat present to be transferred to a working fluid and not so much heat that the
apparatus is incapable of handling the heat containing fluid. Typically, the temperature of
the heat containing fluid varies widely depending upon the particular well and the
constituents of the heat containing produced fluid. Typical heat containing fluids that
may be useful in the instant invention may have a temperature at or near the outlet of the
wellhead of at least about 150°F, preferably at least about 200°F, more preferably at least
about 280°F. On the other hand, typical heat containing fluids that may be useful in the
instant invention may have a temperature at or near the outlet of the wellhead up to about
800°F, preferably up to about S00°F, more preferably up to about 600°F. If the heat
containing fluid exceeds the temperature that the apparatus is capable of handling, then

the heat containing fluid may be quenched to the desired temperature.



0.017; [0039] Table 2 - Water Analysis CATIONS BY | CP PPm (mg/1) 1
Sodi um Na+ 2250 2 Potassium K+ 138 3 Magnesi umvg+2 1.42 4 Cal ciuntCa+2 18.9
5 1ronl Fe+2 0.57 6 CopperCu +2 0 7 Zinc Zn+2 0.01 8 Al um num A1+3 0.09 9

Bar i um Ba+goQofbfa?s PCT/US2009/054588

[0024] If a substantially vapor phase is to be separated from a substantially liquid
phase, then the separation may be accomplished in any convenient manner using any
apparatus known in the art or hereinafter available. For example, separation may be
accomplished using gravity so the vapor exits above and the liquid exits below.
Specifically, a gas-liquid cylindrical vessel or gas-liquid centrifugal separator may be
employed. Useful cylindrical vessels are commonly called knock-out pots, vapor-liquid
separators, or flash drums and often employ a sloped tangential inlet nozzle, sized to
deliver a preconditioned flow stream into the body of the separator. The momentum of
the heat containing fluid combined with the tangential inlet generates a liquid vortex with
sufficient G-forces for bulk vapor and liquid separation to rapidly occur. The gas
typically exits through the top of the vessel while the liquid typically exits though the

bottom of the vessel.

[0025] The separation is preferably conducted in an efficient manner. That is, the
separation is such that any vapor carryunder into the liquid and/or any liquid carryover
into the vapor is minimized. In various embodiments, the vapor carryunder into the liquid
may be less than 5% by weight. Correspondingly, in various liquid carryover into the
vapor may be less than 5% by weight. It may also be preferable that heat is not lost to the
environment or otherwise during the separation process in order to maximize the
efficiency of the overall process. Thus, in various embodiments the heat contained in the
substantially vapor phase after separation is from about 70 to about 100 percent of the
heat contained in the heat containing fluid before separation while the heat contained in
the substantially liquid phase after separation is at least about 30, preferably at least about
70 up to about 90, more preferably up to about 100 percent of the heat contained in the

heat containing fluid before separation.

[0026] In some oil wells, casinghead gas is produced along with oil and may
accumulate in any annular space present, e.g., between any tubing and casing. In such
situations, it may be efficient to design the apparatus such that such gas may be taken off

at the top of the well, at the separator, or both.

[0027] Heat exchangers are commonly employed to exchange at least a portion of
the heat contained in the produced fluid to a working fluid. For example, a vapor heat
exchanger and/or a liquid heat exchanger may be employed to exchange at least a portion

of the heat contained in each of said phases to a working fluid. In this manner, a heated
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working fluid capable of converting energy, e.g., electricity, is made. Typically, from
about 50 to about 80 percent of the total heat containing fluid may be fed into the vapor
heat exchanger. The working fluid may be any convenient fluid such as heat transfer
fluid, e.g., Texatherm™, Therminol™ (a C14-30 alkylaromatic derivatives), oil,
refrigerant, hydrocarbon, water, or any mixture thereof. For ease and availability
untreated water is often preferred while softened or deoxygenated process water in a

closed loop intermediate system is more preferred.

[0028] The heat exchangers may be made of any convenient metal and any
convenient design so long as they do not facilitate excess fouling and exchange heat. It
has been found that welded plates made of, for example, ceramic, stainless steels such as
stainless steel 316, nickel alloys, copper-nickel alloys, aluminum, carbon steel, titanium,
or various other corrosion-resistant alloys may be employed. In this manner, the vapor
heat exchanger cools the substantially vapor phase. In some embodiments the vapor heat
cxchanger cools the substantially vapor phase such that upon exiting the vapor heat
exchanger the stream may have from about 10 to about 90 percent of the heat it had upon
entering the vapor heat exchanger. Similarly, the liquid heat exchanger cools the
substantially liquid phase. In some embodiments the liquid heat exchanger cools the
substantially liquid phase such that upon exiting the liquid heat exchanger the stream may -
have from about 10 to about 90 percent of the heat it had upon entering the liquid heat
exchanger. Advantageously, in some embodiments the vapor heat exchanger and liquid
heat exchanger may be operated independently of one another. This facilitates operation
so that one or other exchanger may be cleaned or serviced while the other continues

operating.

[0029] While the invention is capable of being implemented in a variety of ways
and specific apparatuses, Figures 1-6 schematically illustrate a few specific embodiments

of the invention.

[0030] In Figures 1-6, a gathering device such as a wellhead is typically located at
or near 1 (oil and gas ficld operations). A heat containing fluid comprising one or more
hydrocarbons is produced, i.e., extracted, from the wellhead where it is passed to 2
(separator) where the heat-containing fluid is separated into a substantially vapor phase
and substantially liquid phase. The separator 2 is often a vessel wherein the liquid is

separated by gravity and therefore falls to the bottom of the vessel where it is
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withdrawn. The vapor travels upward at a velocity typically designed to minimize
entrainment of any liquid droplets in the vapor. The vapor exits the top of the vessel.
Alternatively, the separator 2 may be a vessel capable of removing immiscible fluids
having different specific gravities by accelerating the fluid mechanically in a circular path
and using the radial acceleration component to isolate these contaminants, e.g. centrifugal

separator.

[0031] After separation, the vapor phase 8 may be transferred to condenser 3
while the liquid phase 9 may be transferred to Cooler 4. Condensor 3 is a vapor heat
exchanger and is typically a heat exchange device or unit used to condense a vapor into
liquid by absorbing the vapors’ latent heat (and potentially a portion of any sensible heat
particularly for, for example, heavier components) into cooling fluid (i.e. water,
refrigerant, or other cooling fluid). Cooler 4 is a liquid heat exchanger and is typically
heat exchange device or unit used to transfer sensible heat from a fluid (plus any latent
heat from any carryover vapors) flowing on onc side of a barrier to another cooler fluid
flowing on the other side of the barrier. In this manner at least a portion of the heat
contained in one or both phases (depending upon.the specific embodiment) is exchanged
to a working fluid shown as intermediate heat exchange fluid 7. In one embodiment, the
heat exchangers may be configured to be controlled and/or operated separately. If
desired, this allows one to bypass cither heat exchanger while still extracting heat to
produce power or thermal energy. This facilitates, for example, cleaning one heat

exchanger while the other is operating.

[0032] The working fluid may be transferred to the power generation system 6 in
order to produce energy. The power generation 6 may be any Organic Rankine cycle,
Kalina cycle, Carnot cycle or other power generation system. Alternatively or in addition
to power generation, depending upon the specific embodiment, heat may be removed at
various points in the process as process heat 10 for use in heating another stream if
desired. The pump 5 is simply used to move the fluids from lower pressure to higher

pressure by adding energy (compression force) to the system.

[0033] Although only exemplary embodiments are specifically illustrated and
described herein, it will be appreciated that many modifications and variations of the

process and apparatus described herein are possible in light of the above teachings and
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o 11 Chloride cr 3000 12 Bromide BC 27 13 Nitrite NO2 0 14 Nitrate NO3 0 15
Phosphate PO4-3 o0 16 Sulfate SO4- 77 - 13- WO
2010/ 022315PCT/ US2009/ 054588 [ 0040] Tabl e 3 - Gas conposition

Const i tue”y’(g‘&)&of?z%genl- 520 Nitrogen6. 153 Carbon Di Oxkgﬁ%"z;’%“%”é
9 ut . 096

Met hanel®6. t hanel. 163 Propanel. 013 | so- But ane0. 291 ane
I so- Pent ane0. 424 N- Pent ane0. 364 Hexanes Pl usl. 654 Hydrogen Sul fidel. 981
within the purview of the appended claims without departing from the spirit and intended

scope of the claimed subject matter.

EXAMPLES

[0034] A heat containing fluid comprising one or more hydrocarbons is produced
from a wellhead in oil and gas operations. The fluid is separated into a vapor phase and a
liquid phase using a separator. The liquid contains oil, hydrocarbons, water while the
vapor phase contains gas, other noncondensables, and steam. Representative fluid

properties are described in Tables 1-4 below.

[0035] The process begins with the production of a heat-containing fluid
originating from an oil and/or gas field (shown as 1 in Figure 1). The heat-containing
fluid is comprised in part of liquid and in part of vapor. The heat supply stream
production rate is approximately from about 12,000 to about 15,000 barrels per day of
fluid and from about 18 to about 22 million standard cubic feet per day of vapor. Thus,
the vapor content of the heat containing fluid equates to a range from about 10 to about
30 weight percent. The temperature range of the heat containing fluid is from about

280°F to about 350°F with a pressure range from about 80 psig to about 100 psig.

{0036] The fluid passes through a gas/liquid separator (shown as 2 in Figure 1) to
split the gas and liquid streams. This increases the efficiency of capturing any retained
heat energy in both the liquid and the gas stream. The liquid contains oil, water, and
other hydrocarbons while the vapor contains gas, steam, and other noncondensables.
After separation, the vapor is transferred to a welded plate heat exchanger (shown as 3 in
Figure 1) where it is condensed. The liquid is transferred to a separate welded plate heat
exchanger (shown as 4 in Figure 1) where it is cooled. The temperature change of the
vapor and liquid phases are approximately from about 80°F to about 150°F. In this step,
a portion of the heat in the liquid and/or vapor is exchanged to a working fluid, in this

case, deoxygenated water.

[0037] The heat of the deoxygenated water is converted to power in a power
generation system mechanism (shown as 6 in Figure 1), namely a turbine that employs an
Organic Rankine cycle, to produce energy. This results in a net power output of
approximately from about 1.8 to about 2.5 MW. The temperature and pressure ranges of
the entire system are approximately from about 170°F to ab\out 340°F and from about 70
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Tot al 100. 000 [0041] Table 4 - O Properties 12 Deg API G| F Tenp Rankine
sg ratio density Ib/ft3 viscosity (kinematic) ¢ (cSt) viscosity (kin) SSU
viscosity (dynamc. ¢ (cP) 80 540 0.979 61.061 11000 50883 10759 90

550 0. 976 §.87l027290 32380 6826 100 560 0.973 60. 69 364/ kSMBAsEE0 110
570 0.909

psig to about 130 psig, respectively. The deoxygenated water is then recirculated through
a pump (shown as 7 in Figure 7) which is capable of increasing the water pressure by

from about 15 psig to about 25 psig.

[0038] Table 1 — Fluid Properties
High Low
Liquid Flow Rates| Total __BPD 17,034 11,895
Oil BOPD 4,599 4,163
Water BWPD 12,435 7,732
Water Cut vol % 73 65
Oil Cut vol % 27 35
Vapor Flow Ratesj Total |MSCFD 19,818 17,940
Gas MSCFD 1,150 1,041
Steam BSPD 2,530 2,290
Inlet Outlet
Operating Conditions Max Min Liquid Vapor
Temperature T deg F 350 270 200 19C
Pressure P psig 110 75 85 8¢t
Water Properties
Viscosity| ° cp 0.15 0.21 0.31
Density ° b/t 54.81 57.43 59.67
Molecular Weightl MW Ib / tbmole 18.02 18.02 18.02
Heat Capacity Cp BTU / (Ib*F) 1.13 1.07 1.05
Thermal Conductivity k BTU / (hr*ft*F) 0.39 0.40 0.39
Qil Properties (Typical 12 deg AP| Pseudo-
Viscosity ° ‘cp 9.46 22.64 81.99
Density,  ° b / i 53.44 55.59 57.56
Molecular Weight MW b / Ibmole 250.00 250.00 250.00
Heat Capacity Cp BTU / (Ib*F) 0.51 0.48 0.44
Thermal Conductivityi k BTU / (hr*ft*F) 0.08 0.09 0.09
Gas Properties
Viscosity ° cp 0.02 0.02 0.02
Density ° b/t 0.51 0.18 0.31
Molecular Weightf MW __ |Ib/Ibmole 33.11 33.11 33.11
Heat Capacity Cp BTU / (ib*F) 0.32 0.31 0.3¢
Thermal Conductivity k BTU / (hr*ft*F) 002 0.02 0.0z
Steam Properties
Epthalpy of VaporizationHy,, (BTU/Ib 871 931 887
Viscosity ° lcp 0.01 0.01 0.014¢
Density ° b/ft 0.29 0.10 0.227¢
Molecular Weight MW Ib / Ibmole 18.02 18.02 18.015:2
Heat Capacity Cp BTU / (Ib*F) 0.49 0.46 0.478¢
Thermal Conductivity k BTU / (hr*ft*F) 0.02 0.02 0.017:
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[0039] Table 2 — Water Analysis
CATIONS BY ICP ppm
(mgll)
1]Sodium Na’ 250
2|Potassium K' 138
3|Magnesium Mg* 1.42
4|calcium Ca” 189
5|iron [Fe™ 0.57
6|Copper Cu* 0
7|zinc Zn*? 0.01
8|Aluminum A 0.09
9[Barium Ba*? 0.46
10{Cadmium Cd* 0
11|Chromium cr 0
12]Lead Pb** 0.01
13|Manganese Mn*2 0
14|Nickel Ni*2 0
15|Strontium S 0.45
16/Silicon Si* 373
17]Tin Sn* 0
ORGANIC ACIDS, ALKALINITY AND ANIONS ppm
| (mg)
ORGANIC ACIDS
1}Formate HCOO" 5
2|Acetate CH;COO0" 370
3|Propionate CH,CH,CO, 130
4|Butyrate "CH3(CH,),CO, 13
5|Vvalerate CHg(CH3)sCO2 10
BY
6|Bicarbonate 'HCOs 981.6
7|Carbonate CO; 200.3
8|Hydroxide OH" 0
ANIONS
9|Borate, from IC/B(OH ), 833
10|Fluoride F 0
11|Chloride cr 3000
12|Bromide Br 27
13|Nitrite NO2 0
14|Nitrate NOs’ 0
15|Phosphate  |PO,* 0
16|Sulfate SO, 77
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| 1064 218 180 640 0.947 59.06 170 786 161 190 650 0.944 58.88 120 555 113
200 660 0.941 58.69 90 416 85 210 670 0.938 58.50 175 347 70 220 680 0.934
58.25 166 305 62 230 690 0.931 58. 0750 231 47
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[0040] Table 3 — Gas composition

Constituent Wt %

Oxygen 1.520

Nitrogen 6.153

Carbon Dioxide 68.751

Methane 16.090

Ethane 1.163

Propane 1.013

Iso-Butane 0.291

N-Butane 0.596

Iso-Pentane 0424

N-Pentane 0.364

Hexanes Plus 1.654

Hydrogen Sulfide 1.981

Total 100.000
[0041] Table 4 — Oil Properties 12 Deg AP1
Oil
Oil: 12.0 deg API
. viscosity viscosity . . .
Temp sg density (Kinematic) | (Kin) viscosity (dynamic.

°F Rankine ratio b3 < (cSt) Ssu ° (cP)
80 540 0.979 61.06 11000 50883 10759
90 550 0.976 60.87 7000 32380 6826
100 560 0.973 60.69 3600 16653 3500
110 570 0.969 60.44 2100 9714 2033
120 580 0.966 60.25 1300 6013 1255
130 590 0.963 60.06 900 4163 866
140 600 0.960 59.88 600 2775 575
150 610 0.957 59.69 400 1850 382
160 620 0.954 59.50 310 1434 2%
170 630 0.950 59.25 230 1064 218
180 640 0.947 59.06 170 786 161
190 650 0.944 58.88 120 555 113
200 660 0.941 58.69 90 416 85
210 670 0.938 58.50 75 347 70
220 680 0.934 58.25 66 305 62
230 690 0.931 58.07 50 231 47
240 700 0.928 57.88 40 185 37
250 710 0.925 57.69 35 162 32
260 720 0.922 57.51 29 134 27
270 730 0.919 57.32 25 116 23
280 740 0.915 57.07 20 93 18
290 750 0.912 56.88 18 83 16
300 760 0.909 56.69 16 74 15
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240 700 0.928 57.88 |40 185 37 250 710 0.925 57.69 35 1162 32 260 720 0.922
57.51 29 1134 27 270 730 0.919 57.32 25 116 23 280 740 0.915 57.07 2093 18
290 750 0.912 56.88 18183 16 300 760 0.909
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What is claimed is:

1. A process for generating a heated working fluid that is capable of

converting energy comprising:

a) gathering a heat containing fluid comprising at least one or more hydrocarbons
from an oil or gas operation wherein said heat-containing fluid comprises at least a

substantially vapor phase and a substantially liquid phase;
b) separating said substantially vapor phase from said substantially liquid phase;

¢) employing a vapor heat exchanger and a liquid heat exchanger to exchange at
least a portion of the heat contained in each of said phases to a working fluid thereby

producing a heated working fluid.

2. The process of Claim 1 wherein the gathering of the heat containing fluid

is from a wellhead.

3. The process of Claim 1 wherein the gathering of the heat containing fluid
comprises employing artificial recovery, primary recovery, secondary recovery, tertiary

recovery, or a combination thereof.

4, The process of Claim 1 wherein the gathering of the heat containing fluid

comprises employing artificial lift.

5. The process of any one of Claims 1-4 which further comprises employing

the heated working fluid to heat another fluid stream or to produce energy.

6. The process of any one of Claims 1-4 which further comprises employing

the heated working fluid to produce electricity.

7. The process of any one of Claims 1-4 wherein the substantially liquid
phase comprises (1) a hydrocarbon or (2) a mixture comprising a hydrocarbon and water

or (3) at least about 1 weight percent of oil.

8. The process of any onc of Claims 1-4 wherein the substantially vapor
phase comprises a gas characterized by one or more of the following characteristics: (1)

an average heat capacity of from about 0.12 to about 0.59 Btu/lbm-°F; or (2) a thermal
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