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*159159* PCT/ US2009/ 054588 USI PRODUCED FLUI DS OF O L AND GAS
OPERATI ONS TO PRODUCE ENERGY Wmmm | NVENTI ON [ 0001] Provi ded herein
are process&s.Abf3pparatuses for ,generati ng useful e”e'bﬁi‘/ugfogfrb heat
contained in a stream of produced fluids from for exa andl or gas
operations. BACKGROUND AND SUVMARY OF THE | NVENTI ON 100021In i ght of

ener gy pri cebSENG AT FROMERODESHI2 FREIDSIQE OIBIANR GADORERATHANS t he
production of energy such as el EOtRRQDULCEaBNERGY t her mal equi val ent are
needed. In that vein many processes have been used to convert waste heat to
electricity. A process |imteg ghﬁ sources is described in,
for exanple, U S. Patent No. E,loogqgﬁ ﬂ@k enp §ys usi ng the waste heat
froma naturally occurring hot water source to rrake electricity. Another
process is [@88Uri bed Previdgdderghaars procreses Srdsippargimses;for ggnpi@Hngesgiul iesergy
extracted f t Qor that
gener at es (’e[gtt%rh%flfgsggﬁgd@% ¢ anoDtr ﬁJeJr% @% rt"é‘r %;r)%dc ses%\b\llggagFg%:rl bed in
wrld G| \Aqierat@ﬁB No. 9 (Sept. 2007) where an attenpt was nmade to generate
electricity fromthe waste water of an oil field using a unit that was
"field-proven in other il field.

It was believed that t%??%?@%%%@g@aég@gigf @Wﬁ@ﬁ%ter streamns
[were] of high quality” with "the only contam nant [approaching] the
surface di siohe2ige | i rinlightofehdrgy priees andtreiefiunesl doncanas akanativs ibcessas t he
wat er "shoul d .not prese faoulin th I 4t heat
exchanger s 26 R RaiRr afisy PO B BT by PRELIGH R nckls oF 00
geot her mal  theateirbmenydprecdses ddveicel RIFEEDD NG, waleihedtyte Slecmmﬂy V)blpi@:lassp on

Geot her mal Res oir_ En eeri n St anf. Uni versi t nf

California, Hﬁ’a?t{farg)?mﬁ?'“%ha“‘g@@‘? Spd eﬁ-eeng%g ﬁae’tﬁntplea%lds %gen\]]gﬁr nal , McKenna
et al., Seps 66d0422006h elploysekithdhe WasS head Protht Itdturmtgeomﬂﬁ@mbt ivavent i on
probl ens such as foul i ng ¥ process equi prent prevent ed usi heat fromoil
and/ or gas WyEEde Meke tlé?trlﬁls)efftﬂo'f'@ﬁﬂ%?ss i§ dryeaetin .S RricneNor/ lp¥8dsses
have been | OERHEH id &tdEBERBREECLEGEE bFA b dbHE A GOBRN | A0AloraRet her el
source lik wat er or steam no proceSs exists to extract heat directly
froma pr odgﬂnedtesslemyiceyor mul ti phase hydrocarbon, fluid and convert 11 11
LT 1 1 nnl it to a useful energy source such as electricity.

Accor di ngl vy, omgw Pr 0G5 88 AEAUck W £l GBI Gk R Voropsh b g clent Ty
convert hea nt ai ned I n pr uce to a use energy source like

el ectri ci t y(SeptORQE) Whereiansittempt waweeutelt@gexprm/eld@scmeﬁmrpt@mtaesatamf

t f ff d eff heat
Contarned 1 1 O Gtaesne s ok B e POvELe e Pltaf e T et R R Bt 10 a

beneficial assl selgh I@-Svapbél{iued 1hgt thisedduld woilkyBecausd bt ofithefeulatenegiys such as
heat i ng anot her stream or fluid. [0006] 1 n one enbadi nent, the, instant

i nvention rleyeatles hieh qyaliy dwishsthe oplygon@maANhgPRroRIUIE SRS SRR ¢ hat
may be cap 1?;}1& iO0hIGRRYEThirDBrE NEVd YurmiBR (R AEFACURYd S8HrEeihabutg @ heat
cont ai ni ng d conprising one or nore hydrocarbons froman oil or gas
oper at i on wprebleinrin st gfothermal voit's Aeatienehahgars ab thowpter tbawerpturp depsgases.”

The subst art PP SRguRyR s Bl RS AT0d 3 PROCLEPIRGR: Thiy Bekbirase

subst ant i al WerkshopolGpétasrenal Rleeet*vonaEngateemng)SamfceakUnmmy, Stactonl, | | qui d heat

exchanger t hen_be enpl o h st a or n of the heat
cont ai ned rﬁgléfaw 5"?““%%’% %)%gg(jsg@%%; % M?ﬁﬁ Miéing a
heat ed wor ks § boosd Tﬁmmeﬂﬁ@d]p\tﬁ»ttlkthegréswuaemwl hevieap althes efuliggorer ti ng
energy. [0007]1n anoFﬁer enmbodi ment the'invention relates to a process for
gener at i ng BOFRsae@UPmBNt Rravgnted wsing heshiromuwyl a9e/or gpaaprrtion fe amsfekeiy. ener gy.
The process conprises first gathering a heat containing fluid conprising
one or nor e;ohmr ocar bapg ViR pPddesRE h8RDAPRL &l LB-gchNEXE elcbRitheat
containing fluid is passed to one or nore heat exchangers to exchange at

| east a por frown conventiendl geathearmat soiurredike hoiswdter dTSRMcBNMPIAFesE AYSPHIUI d to a
working flu | e of
conver ti ng hse eyl HER folREh 3hali: ek hbcdon Hkq U CRER
conprising oil, water, and one or nore gases. The working fluid may be

wat er whi ch includes, for exanpl untreated_or treated water, softened
water, as well as, deoxygenatedﬁﬁ_mﬂw IMﬁWMIEand may be enployed in, for
exanpl e, a closed | oop |nterned|a 008]In anot her enbodi nent,
the instant invention relates to an appmanatus for generating a heated
working fluid that may be capable of converting energy. The apparatus

conprises a wel | head that |s capabl e of pr odu0| ng a heat cont a| n| ng fI UI d

1. . .




DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] The i nstant process invol ves
generating a heated working fluid froma produced fluid of an oil and gas
operation. The produced fluid typically conprises at |east one hydrocarbon
and may bewg Siongbsasphase or nmultiple phases whil e the graatRehoweisks ng fluid
is often capable of converting, i.e., transferring, storing, and/or
producing energy. The energy nmy take any conveni ent form depending upon-

t he speci fiitdo prsrislsaemspwgesich %leeer@alrfbpl/éccoeh@hgyletwpr@q@ésehé@tné@dedm ki ng
fluid may h as
ther mal _poudict G Ea e afoFIERHY LK nek BRGhEEl BATLTh BN SHE" 2 be
used i n thenggyeounee ldeetdaeaicitpr ocess t o, for exanpl e, heat a f|UId streamin
need of such heati ng or saved or converted to sone other useful form of

ener gy. The proce: theri

or oduci ng, ? at col ealf‘)%tfnﬁxg ;ﬁ%rl ffr}pgﬁgé A5 Q%ﬁgske{sséhd g]g)apa?useg%éﬁgeaﬂ

wel | head, effgctlvalsr antl IeffamulprcomtthanleatgastammMropsroduoheﬂuhlydik@maa,rgagmml | head.

The productl n.and and/ or atur associ ated water or
Conbr nat oS PN So gl sty Shaas ProGigE BbvdoR aRtrenaer - Thi o
coul d i ncl ghgg ?gkﬁaahmﬁﬁggﬁyghgnééﬁgfﬂmalnary recovery) or enploying one or
nore of the follow ng: seécondary recovery, tertiary recovery, thermal
recovery (e@ﬂ¥ steanfloodlngékof t he hydrocarbon reservoir, and

conbi nat i oh%her eof In 98aEMPPESRL thed By IVERIPIEIASE AT HPIREIS B uti | i zi ng
artificial obhdrdtingRIHRQESE wolkifh ﬂmaacalﬂaiay%@kadabfctofcawsmn@ena@yt Thé’fn‘d@&@r lift,
gas lift, hydrau ic lift, or simlar Systens). Such terns are

under st ood cospse gatherisig 4 heat Wntaﬁeng)ﬂuldaﬂmpgagg I OT FRATC hy@O@élymrs ﬁ@eu in, for
exanpl e, S I ed herein by
ref erence. %Fto H@gf{fn 5?359? gﬁgljteﬁ sﬁdﬁ%ﬁ@é&ﬁ fer ]Irﬂid C?@E@%ggglgésﬁé primary
function i sulmmtlalt;ewuephasev\helreequhsthmaﬂyihqmé)phasacﬂfe'dulﬁphnn tthmswatamtialhyor

coner o0 SRR 430 %0l L BRI DR Bk 2P0 1

[ 0017] Addi tvhgurdkitiexchiafgerah®b BHBAheaRREhaAE nYdh @S PRAERE tOBEhaddeiat | Ci al
lift technlques are used in a different manner than in geothernal

processes. 88t aRAEGHRbE hest eqngringdip sprbed S@@bﬁé%mwwmsfhwbthwbg (San
Franci sco, pZfifddihg 6 hbRe ERbIKIMG i@ T HGRJWorkiRg AlRMAIREPHIEIHN DY _
reference) art|f|C|aI lift techniques like that for oil and gas wells is
of ten not rce’NgitiN8ENPIgygeot hermal applications. This is because the

geot hermal well nay be expected to self-flow at sonme rate, but submersible
punps of eigjgpg] the id aasm%haﬁﬁodvraéﬂt%{aan&amﬂe@gesftsqra&cee feygé nefafhg OF

el ectrical subner5|b punps (ESPs) w be used to assi st om1and provi de
control . Addited wnléslmgyﬂuld thatway bastpable Oﬁem/emleg evasgy The ewshenmmisepr ocesses
wherei n an I ily as a
neat car 1 o e eGP horbliRE hiateltoliSpl BTG Y Bl lor Rl WA 1Y, 8

i nstant i nwepisioparatioy. Mexttethé hcnbdoxftduumg fhmﬂlepaslsecatdldneonmbreﬁeatﬁxdbangensecovery
or steanflood {luid or chem cal. .fl.ood f |t|o tertiary or
Cher ol egUvishy s Rast g boMigh o i RaSenatheftil Rehoal S g ARaBEl ngor

and/ or gas “mﬂadgjﬂtlidorrharpflodleewma;ed@&ormglﬂomahbm Hawaﬁabeamca@veemge from
the reservoir, gﬁll S,. serving aﬁ a heat carri er. ?1 The term

wel | head | $neTRY-obig %a%d}?ﬁwoee"a% W i WS COBPHTRE o WY o2 senbl i es
or systens oanotdis&UrhaGRriahe AuBhdy RIwaer VAR MBlules, fot ELIRRE, tu'nif@at&f othet her
wel | “or reservoir is |ocated on |and or water, The term wel | head may

i ncl ude a $iepfgd waigp|spfiengd wter,aaﬂg‘feéiwp, deAy genated prardsy weles ardmasdl wit hin t he
meani ng of ader n ot her words, the heat
cont ai ni ng Pﬁgpgﬁﬁgﬂﬁﬁ?%ﬁ15|€gﬁ% F%g%%%&ﬁ%%?$é2d fromoil and gas field
operations wherein oil and gas f|eId operations nmeans primary field

oper at i ons [8¥8bci at ebh anothiar erleodément ghatisient ingkavien syaiesto an@ppastesfoct i on of
for exanpl [,OGR I ert gases,

as well as%mggégllaté Qgégéh%ﬁ%?tyg ggb %Egk3gf§§%H¢%l g‘%gfﬂclz‘gurse,

i ncl udes tlapparasscqmprmkﬂ a:helamaaqlatr[seapalbb dipmdtuvieg edieammlteme»gpﬂlmdi ng for
hydrocarbons _in.whi ch case ajhea% cont ai ni n g % ﬁ extr.acted and
exchanged ERMBTYRRE o fupe hydrogarhons Wherein.sg ﬁa??l?PT Buid cAPPER 5 ni ng
fluid is typically not derived froman operation which is primarily a
transportation operation or a nmanufactuing operation such as a steam
turbine system [0019] The design of the gathering system e.g., wellhead,
fromwhich the heat containing fluid may be obtained is not particularly
critical so long as it is capable of renoving and delivering a sufficiently
heated fluid. The heated fluid may conprise any fluid capable of carrying
and transferrlng heat The heat may be naturaIIy occurrlng or unnatural

o " 1. . o o .y o, o



[0030]In Figures 1-6, a gathering device such as a wellhead is typically
| ocated at or near 1 (oil and gas field operations). A heat containing
fluid conprising one or nore hydrocarbons is produced, i.e., extracted,
fromthe \A@éﬁﬁ@,ﬁzmere it is passed to 2 (separator) WoergsilSosasss
heat - cont ai ni ng urd is separated into a substantially vapor phase and
substantially liquid phase. The separator 2 is often a vessel wherein the
liquid is degan stbstintiallygrape thascoand atshbstaftiole lifetl past o Thheppewittusatnoof t he

vessel where it.is wthdraw. The vapor trayel s at a velocity
yotcal Iy daaingivisc eBiion i avsiy SPRREH 1OHE WRURRAG 1he XeeBitfdr o1 1 e
vapor. The pitdé ofépiratiigdwaid Sapstaxitiall @apoe phask froMl datd substmially lighidehsepar at or
2 may be a vessel capable of renpvi nﬁ iramsci bl e fluids havi ng{g di fferent
speci fic graViRor 88t 55ChaneeEIeeRerathyCanReetsd (githe STRERAQRICASFIRy teu B RAtALNI ar
path and usj.pgr JHa% fr&f kiRl sepaeidt %@éxb%g@@ﬂ@ﬁﬂ@?&rtibﬁ’ofﬁ@h@ét%oﬁt_@iﬂ&?in

contami nants, e.g. centrifugal separator. 100311After separation, the vapor
phase 8 maysaisksubstanigilevensd pgf@eébﬁﬁ'éﬁ%@ﬂlaqubé profiucing gdicefepasen®d may be

transferr e%@caﬂsqeﬂe%ﬁ c&veﬁggggggw AdiquRi @ay&gg{ngbﬁ%g&mp@&gl%&e@rbdt_h'e S

typically eat exchange € or unit use condense a vapor 1nto
li quid by aopaator Wwgcedpe theaplntasttiallntiend phasafrofiahelsqpatatanapdibiopangemoleaston of

any sensi bl e heat rticularly .far., fo | e, heavier co nents) into
coul i ng 11 i Rt oG gef oriling in 8o sRtan ST R oSO SR RIRART" 0 o 4
is a |iqui dhérelst predwdinggldatednicbrkiag iyl @pitly ofwaterexg ienge Thewppaatos uni t
used to transfer. SIFnSi ble heat from.a fluid &Fl us anﬁ | at ent p)g,at from any
carryover \VAPYRS2 GRPHSSHIC GREOL RHIESSoF-L- LG RF FOLT CHg st WER ool er f1 ui d
f1 owi ng on dolfecRidn6 kheSiafér 1Rht dxdBanRar, fe@iquid Heat dXcBandB BEFotiRio thR8fE tha portion
of the heat contained in one or both phases (depending upon the specific
enbodi ment )hepigd ssoeking Jeid to.dorexample ;gowFUilant EngrRerateel¢oidly feom sk heat
exchange flyi @y Gorlifl ARR of APRLHTE Bherg 36 fd € /m A GRANAEIS: FRYmBE n&AYr gur ed
to be controlled andgor oper at ed sep%rately. I'T desired, this allows one to
bypass eit Heeatitgeat exchanger while still extracting heat to produce power
or thermal energy. This facilitates, for exanple, cleaning one heat
exchanger while the ot hgfpjer ﬁﬁ?&ﬁﬁP?ﬂ)N[&Qz?ﬂETﬁﬁAnyf;gg fluid may be
transferred to the power generation systemo6 in order to produce energy.
The power ation R : I ] : | e,

Car not cyclqgmg{] ot he@)g%ragggﬁglgﬁgﬂ&%&tgftthg)rﬁﬁjgﬁ??/dg?ﬁ lgﬁngﬁ%addi tion
t o power gewmddatplanhedepeandgargfonpowertdeeerspaci fi c enbodi nent, heat may be
removed at various points in the process as process heat 10 for use in
heati ng an stre i . i . 5] e - e the
fluids fro%bpgf\ker pr g‘gas}'ujr g%ﬁgﬁ{#&gﬁgﬁ%%é%}geﬁéf%gg}vﬁétlﬁﬁgpéw?w&r essi on
force) to theet sxgbdngons 103} Adrtetrdiogh only exenpl ary enbodi nents are
specifically illustrated and described herein, it will be appreciated that
many nodi fi ons and-.variations of the proce nd appar a .descri bed
herein are [Bgisgi bl e i@?ﬁ ?Sﬁtsc%?mt%ﬁgicg'tﬁco?/né%tdgg%%?ﬁ%g%gﬁggonvﬁr{‘%&ﬁg% e pur vi ew
of the appensés mhtaihem enéhahgdts fod ppaer dengrafisroamdtude oBrbedst hamtomrthended scope
of the clai rreg subj ect matter. EXAMPLES [0034] A heat containing fluid
conpri si ng ¥R€"or nore hydrocarbons is produced froma wellhead in oil and
gas operations. The fluid is separated into a vapor phase and a |liquid
phase usi ngoa1Repar atriG. 4 Ehechdntiitic @f 6MErMJasM&it bf the Yleaeat ampsyinyeter whil e
t he vapor phase contains gas, other noncondensabl es, and steam

Repr esent atWelged nlafe hogs caghepgqrefor ppwerreaerpiioneind optiquah fusthen bopt prohange.

[ 0035] The process begins with the production of a heat-containing fluid
origi nati ngofram an @G, PRGYekends of b EntcaBeM? ofhe InvehtidH GhlSyidg twol he
heat-containing fluid is conprised in part of liquid and in _part of vapor.
The heat suppfisd Rete baghepehongess fos Rower generatifindane peRresss heap frmdbeit 12, 000
to about 1500g9é}1 parrels per day of fluid and from about 18 to about 22
mIlion 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

wei ght percent. The tenperature range of the heat containing fluid is from
about 280F to about 350F 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 streans. 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

t he vapor contains gas, steam and ot her noncondensabl es. After separation,
the vapor is transferred to a wel ded pl ate heat exchanger (shown as 3 in
Figure 1) where it is condensed. The liquid is transferred to a separate

o, o



12,435 7,732 73 65 O Cut vol % 27 35 Vapor Fl ow Ratesj Tot al MSCFD
19,818 17,940 Gas MsSCFD 1,150 1,041 Steam BSPD 2,530 2,290 I nl et

Qutl et Operating Conditions Max M n Liqui dVapor Tenperature T deg F 350 270
20019C Pr ewsuop/o2t319si g 110 75 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, c¢.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 thercof 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-



858f. Water Properties Viscosity.Olcp 0.15 0.21 0.31 Densityl Ib/ ft3
54.81 57.43 59.67 Ml ecular Weight MVIb / |bnole 18.02 18.02 18. 02 Heat
CapacityCp BTU / (1b*F) 1.13 1.07 1.05 Thermal Conductivityk BTU /

(hr*ft*F) Qo3R16e4Hs0.39 G| Properties (Typical 12 dedpdfiusToeH0464es
Viscosity cp 9.46 22.64 81.99 Density Ib / ft3 53.44 55.59 57.56 Ml ecul ar

Vel oht 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 opcration or a manufacturing operation such as a steam turbine

system.

[0019] The design of the gathering system, e.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

-5-



MNVIb / |bmole 250. 00 250. 00 250. 00 Heat Capacity Cp BTU / (1b*F) 0.51 0.48
0.44 Thermal Conductivityk BTU/ (hr*ft*F) 0.08 0.09 0.09 Gas Properties
Viscosity' cp 0.02 0.02 0.0; Density!0 I b/ft3 0.51 0.18 0.31 Ml ecul ar

Viéi ght MV | (gl 20kdamadie 33. 11 33. 11 33.11 Heat Capacity CppcTubaboofodlssE) 0. 32
0.31 0.3( Thermal Conductivity k BTU / (hr*ft*F)

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 hcat containing fluid typically comprise one or more hydrocarbons.
Such hydrocarbons include, but are not linﬁted 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 relative 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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0.02 0.02 0.0; Steam Properties [ fhal py of Vaporization Hvap BTU/ |b 871
931 887 Viscosity i cp 0.01 0.01 0.014; Density' Ib/ ft3 0.29 0.10 0.227f
Mol ecul ar Weight MVWI b / | bnole 18.02 18.02 18.015; Heat CapacityCp BTU /

(1b* F) 0. 4% P2086023478f Thermal Conductivity, k BTU /' (hpé&ftsfodeddadss 0. 02
[0039] Table 2 - Water Analysis CATIONS BY I CP ppm

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 API 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/Ibm-°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 [east 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.



(mg/l) 1 Sodium Nal - 2250 2 Potassium | C+ 138 3 Magnesium My2 1.42 4
Cal cium Ca+2 18.9 5 IronFe+2 0.57 6 Copper Cd2 0 7 Zinc Zn+2 0.01 8
Alum num 0.09 9 BariunBa +2 0.46 10 Cadm unCcv+ 0 11 Chromum Cr+3 0
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[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
scparation 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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PPm (mg/l) ORGANIC ACIDS 1 Formate HCOO- 5 2 Acetate CH3CO0- 370 3
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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
exchanger 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 field 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

-9.
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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 one 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 either 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 14 Nitrate NOB- 0 15 PhosphatePO4-3 0 16 Sul fateSs™41- 77 - 13 - WD
2010/ 022315PCT/ US2009/ 054588 [ 0040] Table 3 - Gas conposition Constituent
Nt % Oxygen 1.520 Nitrogen 6. 153 Carbon D oxi de 68. 751 Met hane 16. 090

Et hane 1. 1% Rnesass 1. 013 'so-Butane 0.291 N-Butane O. $g§mg§(ﬁ9,5>§ag§8ane
0.424 N Pentane 0.364 Hexanes Plus 1.654 Hydrogen Sulfide 1.9

within the purview of the appended claims without departing from the spirit and intended

scope of the claimed subject matter.
EXAMPLES

[0034] A heat containiﬁg 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 about 340°F and from about 70
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API

(ki nematic) (ki n)

100. 000

[0041] Table 4 -

al

Properties 12 Deg API

Al al:

F Tenp Rankine sg ratio density Ibtft3 viscosityviscosity

(cst)

SSU ..

viscosity (dynam c.

c (cP) 80 540 0.979

61.06 11 ORB2EHH3231s 0759 90 550 0.976 60.87 700032380 GAs2éNdnsEss 0. 973
60. 69 36001 16653 3500 110 570 0.969 60.44 21009714

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
Qil BOPD 4,599 4,163
Water BWPD 12,435 7,732
Water Cut vol % 73 65
Oil Cut vol % 27 35
Vapor Flow Rates| 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 ldeg F 350 270 200 19¢C
Pressure P 'psig 110 75 85 8¢
Water Properties
Viscosity. ° cp 0.15 0.21 0.31
Density ° b/ 54.81 57.43 59.67
Molecular Weightt MW |b / Ibmole 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 API Pseudo-
Viscosity ° cp 9.46 22.64 81.99
Density ° b/t 53.44 55.59 57.56
Molecular Weight MW ib / lbmole 250.00 250.00 250.00
Heat Capacity| Cp BTU / (Ib*F) 0.51 0.48 0.44
Thermal Conductivity 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 Weight 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) 0.02 0.02 0.02
Steam Properies B
Efthalpy of Vaporization Hyap {BTU/1b 871 931 887
Viscosityj ° cp 0.01 0.01 0.014¢
Density! ° b/t 0.29 0.10 0.227¢
Molecular Weight MW Ib / Ibmole 18.02 18.02 18.0152
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:

_12-
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59. 50 3101434 295 170 630 0. 950 59.25 2301064 218 180 640 0.947 59.00
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[0039] Table 2 — Water Analysis
CATIONS BY ICP ppm
(mgl/l)
1]Sodium Na" 250
2|Potassium K 138
3|Magnesium  |Mg'* 1.42
4|cacium Ca” 189
5]iron [Fe'* 0.57
6|Copper Cu* 0
7|zinc Zn*? 0.01
8|Aluminum AP 0.09
9|Barium Ba* 0.46
10|Cadmium :Cd” 0
11|chromium  ;Cr° 0
12]Lead [Pb%* 0.01
13|Manganese Mn'*? 0
14 |Nickel Ni*2 0
15|Strontium S 0.45
16|Silicon Si* 373
17|Tin Sn* 0
ORGANIC ACIDS, ALKAL INITY AND ANIONS ppm
(mgll)
ORGANIC ACIDS
1|Formate HCOO" 5
2|Acetate CH,CO0" 370
3|Propionate "CH,CH,COy 130
4|Butyrate CH3(CH,),COy 13
5|Vvalerate CH3(CH2)3CO2 10
BY |
6|Bicarbonate |HCOs 981.6
7|Carbonate COy” 200.3
8|Hydroxide {OH 0
ANIONS !
g|Borate, from IC B(OH )y 833
10|Fluoride F 0
11|Chloride cr 3000
12|Bromide Br 27
13|Nitrite NO, 0
14 |Nitrate NOs 0
15|Phosphate  |PO,™ 0
16|Sulfate SO, 77
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[0040] Table 3 — Gas composition

Constituent wt %

Oxygen 1520

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 1654

Hydrogen Sulfide 1.981

Total 100.000
[0041] Table 4 — Oil Properties 12 Deg API
Oil
Oil: 12.0 deg API
T . viscosity | viscosity . . L
emp 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 295
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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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 57.0720 93 18 290 750 0.912 56.88 18 83 16 300 760 0.909
56.69 16 74 15 WO 2010/ 022315PCT/ US2009/ 054588 What is claimed is: 1. A

process fory@si6oR5is"g a heated working fluid that is capaRksodbsisss

What is claimed is:

l. 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 one 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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water, softened water, or deoxygenated water as the working fluid in a closed loop

intermediate system.
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