SYSTEM AND METHOD FOR PRODUCI NG HYDROCARBONS FROM A WELL RELATED

APPLI CATIONS [0001] This application is related to and clains priority to
U. S. proweizorealizappl i cati on nunber 61/ 360,235 fil ed onPdWrsS2@0/043630.

FI ELD OF THE | NVENTI ON [0002] The present invention is generally rel ated
to hydrocarbon production, and nore particularly, to produci ng hydrocarbons
with the assistance of artificial lift. BACKGROUND OF THE | NVENTI ON

SYSTEM AND METHOD FOR PRODUCING
HYDROCARBONS FROM A WELL

RELATED APPLICATIONS

[0001] This application is related to and claims priority to U.S. provisional application number

61/360,235 filed on June 30, 2010.

FIELD OF THE INVENTION

[0002] The present invention is generally related to hydrocarbon production, and more

particularly, to producing hydrocarbons with the assistance of artificial lift.

BACKGROUND OF THE INVENTION

[0003] Two forms of artificial lift that help prolong the life of hydrocarbon wells are the use of
gas lift and well unloading units. These two forms of artificial lift are common knowledge in the
industry and are applied around the world. Moreover, each have inherent challenges, particularly
in offshore environments where cost and space become important limitations.

[0004] As reservoir pressure declines due to depletion, the lift performance of oil wells suffers
and at a certain point the well is no longer able to produce liquids to the surface naturally or
economically because the pressure at the reservoir is not large enough to overcome the
hydrostatic head of the fluids between it and the production tree at the platform. To increase the
hydrocarbon production, the lift performance or inflow performance must be enhanced. If the
inflow performance cannot be changed, which is typically the case, then the vertical lift
performance must be improved to allow the well to flow. Two effective ways to do this are to

reduce the wellhead flowing pressure at the surface or to reduce the hydrostatic head of fluid in
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[0003] Two forns of artificial Iift that help prolong the life of

hydr ocarbon wells are the use of gas lift and well unloading units. These
two fornmswof2omyaipfiicial lift are comon know edge i n th@Cirasesti/oy19ahd ar e
applied around the world. Mreover, each have inherent chall enges,
particularly in offshore environnments where cost and space becone inportant
limtations. [0004] As reservoir pressure declines due to depletion, the
lift performance of oil wells suffers and at a certain point the well is no

| onger able t roduce Liquids to the surface natura)ll r econqni.cally
because. dherisRsButhbig, ReflnedatosHe of Be s SR Ehstgbusreoeiubae | he
hydr ost at | ead of the fluids between it and the production tree at the

pl at for mUn?%q}nﬁ&%%fa(%U%eT ey 8y dearbione o BUBRES SRIPTERECT § ?ﬁur&s? tgFtkice or

i nfl ow performance nust be enhanced. If the infl ow performance cannot be
changed, DAFPERISUrG O hpvelhhuy el pang Haw up theayelhtp surfase-¢ fleeaﬁlm@% ¢ Sybssaieitiyance
must be inproved to allow the well to flow Two effective ways to do this
are to rédmeed nethopiofpsian PR At hicherasestie Alke rrpled gpyosiaed githithy r educe t he
hydrostatic head of fluid in the production tubing. Reducing the pressure
at the sgehegasonahyyelbunleadiicaipddrengssus thatpny 2pepiodudsd sagnied tcuhe stomddye. Thi s

i nvol ves the use of punping equipnment on the surface to reduce backpressure
of the wehd lostuldiusab betaian gnyitopmenipl qohecrmesid a lpgs psaduetipngevenheoriporthrity asitlhee
subsequent |y punped into the production pipeline at higher pressure. The

pr obl em asskrsivaluedndgauhl bielveldconvent i onal wel | unl oadi ng unit process is
that any gas produced is vented to the atnosphere and lost. This is both an
envi r onmeaf0&] Geohit eranothedwidely astd qod offettvi 6mfordweiiigel b porltedmi thy inglgsttyne gas
has val ue and could be sold. [0005] Gas |ift is another w dely used and

ef f ect i ve&ah diftimolvearteiprocessalf idjedting gyt hiztl prassurhimtd the enstuiug .of Gavsll) tiypitally

i nvol ves the process of injecting gas at high pressure into the annul us of
a wel |, tayphdhsbgtvasen erepuddustidretibiee and the inpeachsiow ¢1bdasing bThggaa aktets e

i nnernost well casing. The gas enters the production tubing several

t housand pieRttidaligme Rerablibisaseicbibenoine suréle tiougala\ceckRdlvbasd hdehddesi r ed
effect of reducing the fluid gradient in the tubing and thus |owering the

wel | bor e dtdiRwiefiect BF RE6HEhe Tilidridikak BAsEaibinkand haWiain®he tabye flbwaad
increases both liquid rates and reserves. [0006] The nmjor problemwth

appl yi ng pgasuré.i This In@reas cWelel drdwiiobi@h th @81 HUSSTHEE 1DaSliduid faRAYAd REbrves.
typically greater than 1000 psi. This gas source can cone from ot her high

pressur e [g@s] Wee njoPFloBGmRlatp8ehdRs fiReo PLall fsahmhith sl gial bdghge@
conpressor to take | ow pressure ‘gas, conpress it, and use It for gas

i Tting. 0087 krdlct 8BE 1 §0Ssi, UHiGhs @!lnlggb c%%%ﬁé’E‘If%mgcﬁl%rilfg‘ﬂfﬂré%&d?@%as‘%llk5 I's not

an option for Operations. Additiona , even if there1s a well wth high

ressure it d - i rV.Ql e
p bgfﬁg igrddhcédz)n?ﬁgelﬁ%tgosrﬁ;bggg s @I %%Hlﬁafe%ﬁ ?Ugtaﬁe?l%%_p\f&kl\{,{ﬁ g{}s,eéclﬁa!tﬁirgs%

decl i ne qui y an sure soon reaches a point I'S not

adequat e . AT The other option is to install a gas lift
conpresséé%&¥%?§j$%é%pgggrred as the pressure can be regul ated and a stable

suppl'y Of[?(ﬂﬁgo%%ﬁ't]in?c% %?Jk:}lﬁé’llgﬂassmnﬁ%ﬁ?m ottﬂéﬁ})v@lrlsol? lngt@nvglgf}é}l ttog\ioéeéés%f%}l%.?? I's the

hi gh cost rge tootpri ity of “conpress

COMPr €5 O URNERLh i S R Rich IEEPAERE o200 RS, 4 HBR MR uh T 1
reservoir pressures decline quickly and the gas pressure soon reaches a point where it is not
adequate for gas lifting. The other option is to install a gas lift compressor. This is preferred as
the pressure can be regulated and a stable supply of gas can be achieved. However, the problem

with this option is the high cost, large footprint and immobility of compressors. A gas lift

compressor typically requires an investment of more than US$ 2 million. Additionally, the units
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are inmmobile -- the cost to nove a gas |lift conpressor fromone platformto
another is nore expensive than the conpressor itself A gas |ift conpressor
al so has wolarygm2fieot print and takes up a big portion ®CTiUseod®¢lw6Space on
an offshore platform If a platformdoes not warrant the installation of a
gas lift conpressor due to econom cs or spacial limtations, then

hydr ocarbons are typically left behind in the reservoir. SUMVARY OF THE

| NVENTI ON [ 0008] The present invention provides a well unloading unit and
conpressor s S&ﬁﬁ] d an associ ated net hod for Erq%gcing derocarbons from
a wel | i A7 PTROPE GrifUERStIrRBR 2Rt T SOPRIESPVETT OrRARATIR 2 ARE 5187 g to one
enbodi nent, the system i ncl ude n un] oading unjt that is configured to
recei ve gxwalaﬁ@ééﬂﬁcamareﬁ%t%f %&*}S (CEEOBBHSSF A SRR 88 F1oT P 8 fRGtiuct i on
tree and separate the produced fluid into a quyid fluid and a gas fluid.
For exanpPd big PREtItshaqssl SRR on aefiercplatiorae ligphattorn dpermet WrTE@SH gur ed
to separate water fromthe produced fluid, and/or the unloading unit can

i ncl ude ansalladen of agaplift sepressgedrcds cepngaics of yarigl Eyitatians: theahydpearkmme. A
conpressor in fluid communication with the unloading unit is configured to
recei ve taretypigdlyflplypehindistharaeeripl oadi ng unit and conpress the gas fluid to
a predeterm ned pressure so that the gas fluid can be re-injected into the
well to help lift the produced fluid fromthe reservoir formation to the
production tree. A gas manifold is configured to receive the conpressed gas

fluid fromthe conpressor arflUMMARY DtTHE REVIIAEION uid to at | east one

production tree and at | east one corresponding well. A punp is configured
to recei L qui-d: i (W ' i fluid
pressur e G et PR R B R e AR b et D AR R el .

= : ' . an.- - id
For EXarlGeial T HLER 90D T8GR AL L ARG AR O
oo ChES A RIoR, ASAN G R do L e hiaRRREy o
faci l It Y- n% 096%9‘[1) re:Ehi%e lélnio%%éjeid il iV}n’ h&&%érrﬁosn% Tom @0 (\jv.e ) amarm(iufcgéndtrc%an be
conflgure8 operate 8" St ARt gl y ct'o¥e gas I'ift "system such that

th | di i i ..t.h .fluid o) i nj ted intp th

vt " OGPt e BRiainG «JERi B RS e PR e 00t e
t hat b | ted,d di th d f t i )

et o 4 e R T e Lo B e SRt S i PR A enn e

di sposed on one. or pore skids,. so that each skid can easjly be transported
and re- uéléedv‘"?%ﬁmﬁ%ﬁ G R IR A BRSSO S gaﬁ'é‘ﬂ‘élﬂtcyﬁ@é‘é%\%?lfm% dt mat i ons.
[ 0011] According. to another enbodi nent, a nethod includes receiving in an
unl oadi nGOmATersoR influidiernamuiisation with Ji ynlpadipg ppit é?r?@ng%‘ﬁ%ﬂ'tﬁtr‘?oﬁﬂef}ﬁegaﬁ)ﬁ%uced
fluid into aliquid fluid and a gas fluid. For exanple, the produced fluid
can be sdfoat e @&OW%W@W cgmpiseicthe ggs fhd tg aguedeterigpdipresrrierna thag g g8y cl one,
and/ or water can be separated fromthe gas and liquid fluids. The gas fluid
fr om t he fluifl ade ryinipsied inte thesyahrte belp dftitiee mOWé@ﬂWg fipihiBel reseraeis fr@atigng
distributed to at | east one production tree and corresponding well. From
t he mani flothd praduetiqgdreef Augagimasifeld isjoaplegureddoireseiye theecomprassed @anidyig fiopfthe t he
produced fluid fromthe reservoir. Al so, the fluid pressure of the liquid
fluid is compressaseml disiributgthmgas uid to ddeabti qgaprbdfitivndret endidldastemed to a
pi peline, such as a subsea pipeline |ocated on a seafl oor. The effect of
recei vi ngotréspoptigiude dA pimp ¢ canfigureicto easivia ghetllyeidphedssiume the funtohding gt d
fluid can be to reduce the backpressure at the well.

increase the fluid pressure of the liquid fluid, and deliver the liquid fluid to a pipeline. For

example, the pump, which can be located at an off-shore topside facility, can be configured to
deliver the liquid fluid to a subsea pipeline located on a seafloor so that the liquid fluid can be

transported through the pipeline to a remote location, such as an on-shore processing facility.
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[0012] The unloading unit, a conpressor for performng the conpressing
step, a gas manifold for performng the distributing step, and the punp can
be provi o0 20re/apb10r nore skids. Each skid can be trangpdrised o416 a

| ocation proximate the reservoir formation to a | ocation proxinmte a second
reservoir formation, and the unloading unit, the conpressor, the gas

mani fol d, and the punp can then be re-used for produci ng hydrocarbons from
the second reservoir formation. [0013] In sonme cases, the step of

re-inject]j e gas.fluid is perforned whi.le the unloading unit is
Fecel i nd R Wiy WPt THEERT IO e HAEN TR JBTRERS pr oduci ng
whi l e bein S Ej cted tp a gas |jft operation. -The step of receiving the
or oduced FRPHABLO R BRerish iyt BaenRidiraiisre e me G R ect ed
into the well such that the gas fluid is re-used in a substantially closed
gas |ift iygesdintophy well DPESCRI PTI ON OF THE DRAW NGS [0014] Figure 1 is an
envi ronnent al view of an of fshore production glatforn1receiving
hydr ocar BH8] 1 wmeLasrdpatistep @ be ipyiad tiet medudgidyden thpeeandy relgetedc ar bons
to a pipeline, in accordance with an enbodi nent of the present invention.
[ 0015] Fidgpanding op ghegnegdstyd pigtrpservioin} i partgulasnthe fnlgadipg ynityegrepaeliseig2aini t  and
conpressor system in accordance with an enbodi nent of the present
i nvent i ommanffoldigid prigerebadisppsed ercdnematriote skrdscedhat aprh skidwan disdgbam of a
wel | unl oadi ng and conpressor system in accordance with an enbodi nent of
t he pr esénnsporteemdiroused for producing hydrocarbons from different reservoir formations.

[0011] According to another embodiment, a method includes receiving in an unloading unit a

produced fluid from the well and separating the produced fluid into a liquid fluid and a gas fluid.

For example, the produced fluid can be separated kinetically, such as by a gas-liquid cylindrical

cyclone, and/or water can be separated from the gas and liquid fluids. The gas fluid from the

unloading unit is compressed to a predetermined pressure and distributed to at least one

production tree and corresponding well. From the manifold, the gas fluid is re-injected into the

well to help lift the produced fluid from the reservoir. Also, the fluid pressure of the liquid fluid

is increased in a pump, and the liquid fluid is delivered to a pipeline, such as a subsea pipeline

located on a seafloor. The effect of receiving the produced fluid and increasing the pressure of

the liquid fluid can be to reduce the backpressure at the well.

[0012] The unloading unit, a compressor for performing the compressing step, a gas manifold for

performing the distributing step, and the pump can be provided on one or more skids. Each skid

can be transported from a location proximate the reservoir formation to a location proximate a

second reservoir formation, and the unloading unit, the compressor, the gas manifold, and the

pump can then be re-used for producing hydrocarbons from the second reservoir formation.

[0013] In some cases, the step of re-injecting the gas fluid is performed while the unloading unit

is receiving the produced fluid from the well, such that the well is producing while being
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DETAI LED DESCRI PTION [0017] The present invention now w || be described
nore fully hereinafter wwth reference to the acconpanying drawi ngs, in

whi ch sorwQ 2010108t al | enbodi ments of the invention ar@C3husesi/okrvdeed,
this invention may be enbodied in many different forns and shoul d not be
construed as |limted to the enbodi nents set forth herein; rather, these
enbodi nents are provided so that this disclosure will be thorough and
conplete, and will fully convey the scope of the invention to those skilled

in the art er's refe to i ke el.e nts t hr out. [0018

Referri ngj“l?JE)Ct?fha&rgéml) O%Wt&“f ABPEP & ooy EP’(%‘ C"B (? ‘%e r%cebﬁ‘&m at
the surface_ 13 of the sea. Platforn111 i wWn as floatln pl atform but
is merel @aﬁ@aﬁfhaf wamwl@l&ﬂye@@ﬁ&eémtwew&lsafﬁvﬁ%}fﬂres% 14 1e- ‘HF‘gfnfaor m known i n
the art, such as jack-up or tension leg platforns. R sers 15 extend from
pIatfornﬁT%“PBM§U3§@%g%%ﬁT%@EHS 17. Wellheads 17 are located at the sea
floor 19. Well heads 17 are positioned above, and in fluid comunication
with, a string of productlon tub|no 21 Tublno 21 typically extends axially
through a series of casi BRIBRDE HORY Qe THE RRAWINGSr 19 at | east to a
depth such that casing is p05|t|oned mnthln a reserv0|r formati on 23 havi ng

hydr ocar hgna] Flpareel 8 an BRhdofmaithiOnsy ean@fisBRe pfdati@iaplah RGeSO t hat
production tubing 21 is in fluid comunication with reservoir § [0019] A

producti qhgdﬂ(ol:ag%ﬂs e plﬁ?ﬁh@/r}ﬁ%ﬁséa{)\ﬁrblﬁl Aall fdél'fv@ﬂé—h}d?@!@f%nssf%% JipBRE, id9-
Flowl i ne 27 connects to a pipeline termnal 29 positioned on sea floor 19.

Pi pel i ne ot &k dHnBakitksh éfibddiindd: Wi fle FROMMERIhON Wi th a pipeline 31. [0020]
FNdrocarbons fromreservoir 23 enter casing 22 through perforations 25 and

fllow up biﬁ'spgllggse mamﬁ% Hﬁg&al?i%ﬁlgf}\zflﬁﬁnﬁaﬁ)ﬁngftkﬁ hd L8 It%gfsgyst@ﬁlbﬁms t hen

flow up |se to plattorm 11. Typica rocar ons go t hrough

initial 8£&§£ﬁ&%®?%%§&§ é@ﬁeggpﬁ%?&%%?ne&§§ﬁnd |IQU!d, so that the liquid

hydr ocar bons can for delivery into

[0016] Figure 3 is a schematic process and flow diagram of a well unloading and compressor

system, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0017] The present invention now will be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodiments of the invention are shown.
Indeed, this invention may be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like elements throughout.

[0018] Referring to Figure 1, an offshore oil production platform 11 is shown at the surface 13 of
the sea. Platform 11 is shown as a floating platform, but is merely meant to be representative for
any offshore oil platform known in the art, such as jack-up or tension leg platforms. Risers 15

extend from platform 11 to subsea wellheads 17. Wellheads 17 are located at the sea floor 19.
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pi peline 31. Typically, pipeline 31 is flowng at a predeterm ned pressure.
Therefore, a punp is usually utilized to bring the liquid hydrocarbons to a
suffici enwopoesgerie¢ for entering pipeline 31. [0021] Referdisa@¢uioe9ps gure 2,
a well unloading unit and conpressor system 33 conprises a production tree

35. Production tree 35 can be conventional surface production tree that is

| ocated on platform 11 and receives the produced hydrocarbons fromriser

15. As will be readily appreciated by those skilled in the art, typically,

there ar plurality of production trees 35.that e each .associated with
ariser SRyl b fandilan: 1 gyl Shmgian oy e et B ittiadi ng
unit 37 positioned on platform11l. Unloading unit 37 receives fluids from
product i Stbits e Tz%méﬂla t%ﬁ&?/&ffsgdlstaﬁ@ﬂy fened aafﬁraesgégasmg&%&éten iRg gglow sca
enbodi ment of the inventjon, the praoduced fluids from production tree 35
enter unlf98] % 153G tp 2 dopth sughdat casingrs Beyitiapd wWithip gderchgirdeimatiay 28 bayingnct ude
a static separator, such as a vessel, which lets the gas and |iquid phases
separ at e hydieparbenggherqip Berforaionay 2 pektawpyanghegasing 42 shihalgrotisden whipachtor is
used such that produced water is also separated fromthe produced fl uids.
Al t er nat i 8pig commupigetiongvitiieser®r Ban al so be a kinetic separator that uses
centrifugal forces to help separate the gas and liquid fluids. Such a

ki netic deH&I atspdustion fewlmegdsxtendsdiam pipttomyl |l towkrdsyeflond 9( BogBne 2Wwhi ch is
passive in that it does not require any noving parts or notors to create

t he cent rcofnggalto § pipclas.terfi@@? 29 paitpoaperess dloo3®. iMpdihaicdnivalAunindhid on with
unl oadi ng unit 37 receives gas fluids fromunloading unit 37. Conpressor 39
conpr essesmiheicpradutedpigdsesit 0 a predeterm ned pressure so that the gases
can be re-injected into the well to help lift the hydrocarbons from

reser voi 10620 ribstdraarbdds fiémh gasemoil 3 titerpracidg 22 thosugh pedoradtons AS gadbsflovanpf ol d 41
recei ves the conpressed gas from conpressor 39 and distributes the gas to
each pr odugiig Dintotstileea Jblllead t Bapenflostg 9 Wil birosiibar ahendlobwhgadisr 157to | n an
enbodi ment of the invention, the conpressed gas flows down the annul us

bet ween pia@Letl 1 oMydickly e Bldrédacboaagd gougR ifidl pelebdsingf ych i depativigl das near
the depth of reservoir formation 23. As can be readily appreciated by one
ski |l ed iafd lifn8d, a6 that B JiqEidMyddoSAb&E calethby 86w dok A FIOW B TRl ddiibiyhigtoOr
concentric tubing extending into the well, wherein a portion of the tubing

del i vers pgasndMi. |8 pan cliROF 1L i MOwiRGEh YREctbendA PG ATRYEHRCA 8-
[ 0023] S&g%en133r§ﬁclﬁ%2§{a punp 43I%hat¥can be pggitioned on plg?g%rn1ll

Punp 43 r@eRl, i8R dditSIbithshé QM WU r-8ArioRD o iukfickht Batul¥6F GRSHS pifdeind 31ui d
pressure of the liquids. The liquids are then comuni cated to pipeline 31.

[ 0024] qu)(?lrlf -R@Q_rrh% t& F%}dfeez, §W6ﬁ¥1§f0§(ﬂhg’§ni{ shdl clolnﬂl%tsgo@%&%%n?@é’ﬁqngglsésme process
fl ow of an enbodi nent of system 33 In nore detail. mani fol d skid assenbly
45 inclu oty t [ 7 [ ' : IS il id
carmn CATRAGENE! R RRL oL St radiet) nmhiti AL e Rl ¢
47 colle f L f lur al. it duction
trees 3_5%%?)}%@%121 glgd;%rgea %Sgﬁrie.pqﬁﬂélﬁlgwdg%g%iog %(];slggrs]%ll)g' %g%%li{g?;ée? %My has

Dai ves. o Peagyd By ot TR IL e ahdy oG Boabd RURLOR RuRk By RTIBIS ™

b1 pi ng. £ PBEH SO TGRS B68 138 PR e B g T ot S BLEerSred wit

mani f ol d u% oia&lmg' ﬁr%te ?P Il)(}giti%géd on platform 11. Unloading unit 37 receives fluids from production

tree 35 and separates the liquid and gas fluids. In an embodiment of the invention, the produced
fluids from production tree 35 enter unloading unit 37 at less than 50 psi. Unloading unit 37 can
include a static separator, such as a vessel, which lets the gas and liquid phases separate over

time. In a preferred embodiment, a three-phase separator is used such that produced water is also
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[0025] In an enbodi ment of the invention, a shut down skid assenbly 49 is
posi ti oned downstream of manifold skid assenbly 45. Shut down skid assenbly
49 pref eraibi2zg1inelimdes a shut down val ve assenbly 51 forCtarseeiolobiong f 1 ui d
flow from production manifold 47. Shut down skid assenbly 49 preferably

i ncl udes shut down val ve assenbly 51 and associated inlet and outlet piping
nmounted to a conmon skid. Therefore, when shut down skid assenbly 49 is in
place, all that is needed is to install and align piping fromone skid
assenbly to anpt her, such .between .the outl.et pipin rom nani.fold skid
ool y B ok e proueed i e eom el foviae ut & S8abhgry Bsne M
preferred enbodj nent, shut down val ve assenbly 51 can be renotely activated
in case SfPAHOTd ﬂl@f‘éﬁ&%}?lyﬂge‘&%ﬁ@ lpéﬁ%%eg'?%s %ﬂﬁ&qa 1 -3@%%1&%4% ski d
assenbly 53 having a separator 55 nounted thereon, and a |iquid surge skid
assenbl y SSPRAHRRFRREC & st iavidryaipdriral vgiore SOl tplihich iy pietiwoi that i dogsgnot

enbodi nent shown in Figure 3, unloading unit 37 conprises separator skid
and | i quiTeludgRrEemeking PHEE Motqre amatethe caygfgad fgecsski d assenmbly 53 is

posi ti oned downstream of manifold skid assenbly 45. Separator skid assenbly
53 is prdf@&2hH spmprestr g8 &1 Hyid paamawerivn madmnirdiag ypit dorecisdsiges Heidefipny 49
so that shut down val ve assenbly 51 can control fluid flow prior to it

bei ng r ecelopdidg byit Sk darmanreworsidi c@mpsswrticpr@lcedSmpeirtat oredgsmyngd essercse at i ¢
or kinetic separator as discussed above herein. Separator skid assenbly 53
pr ef er ablthat theried esn popanjettal intoghpivelyjto hell fethe Amdtocabrins dlom meavvired to a
common skid, so that connecting of piping inlets and outlets is all that is
requi r ed fommeos2pdiigtrot) ts kiduassdarbBy. B3as mapbdd #1 eoadesitie iacasairgapl at f or m
11. [0027] In a preferred enbodi nment, separator 55 is a three-phase

separ at orfronasinpgesgas9 andtlistribatesthoighs owhdhgirsducAbit e Separgbnding wilbtwbsed S
conveyed from separator skid assenbly 53 for treatnent or further

product i evelltiadk il Z alni agrRmbbdimast & thef ihomeom) Gha ®nipedssed gaefldvoy dosh. thd frenutuis |

| i qui ds are conveyed from separator skid assenbly 53 to |iquid surge tank
59 of | i quivees progectivk inthirpsx embyside22 bt @lively Stithg evellabk thSddpth dfy@esalrl y a
vessel. Collecting the oil liquids in liquid surge tank 59 provides a way

to hel p mainfatiah m.@@@m%a@bm{ hprediad Ebyadnd spresmUREarDbad A aBb be ti@iveRdpunped
to pipeline 31 (Figures 1 &2). Additionally, liquid surge tank 59 can act

as a secqndudi AFEBRPR 8F @medntlidubidl tLREIdiSLRAAL Rclf 3dRRUS Pfibid & tRStubingm t he
oil liquids received fromseparator 55. Liquid surge tank skid assenbly 57,

whi ch i nelkd@sgak natb S 96rtibARK P& th@sdatdcahfdloRiRin®g i nlets and outlets,
val ves and con%rol s, are preferably pre-nmounted on a comon skid so that

connect i i Qb RE: ]g,ﬂg4 I LS IS, 111G l'iquid
surge t agguglisgéugg gg%{ﬁ'&@%é;‘p 'S p%g%ttcﬁ%ﬁ%%&g%h%% %1{}?%{%&1111 : ﬁF%B%g]r&%fjgst em 33

i ncl udes | uiBHﬁBm%ioqdiﬂ%ﬁﬁﬁ YndGhorBRY tﬂQﬂQi‘dﬁﬁéﬁe OPHOLGHaL NGk RGfRias TP 43 'S

preferably a positive displacenent punp, s as a reciprocal punp. Punp 43

i ncrease liquid fromseparator 55 and |iquid surge
tank 59 Z%e%{}ﬁg?{uﬁtﬁ%gﬁopg&?ﬁelggbi peline 31 (Figures 1&2) at the predeterm ned

pressure h i i n L PURp. SKi 6 [ i ncl udes
urp 43 0L RORARIAFHAR S byl O TR TR BB DS BEY . "V ves anc
controls e-.mounted on,a. co n skid s hat, connectd.n f piping inlets
and. out | SPLOTRRMTST S s SuiB TRl ) el R BRBES B BrBi O
platform1l. In_a nmbodi e of .the,invention, an.addjtional shutdown skid
P el y TSR SO B oA ] g B Aol B SO Bt ki d
assenbly 61 so that flow. j peline 31 can be contro]l i ase. of an
emer gency™%y f]i ar Tr‘%}’rl?“%tﬂkgdrr‘g’o‘?ﬂ%ﬁ‘ﬁﬁﬁi? P@%f@%&ﬁ\%&? iy %L BE%EBH‘”i‘I%%f be a
renot e- act uat ed val ve. . . . . .

production trees 35 prior to separation. Manifold skid assembly 45 preferably has production

manifold 47 mounted to a skid with piping inlets, controls and valves already assembled.

Therefore, when manifold skid assembly 45 is installed, all that is necessary once the skid is in
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[ 0029] A conpressor skid assenbly 67 is al so positioned downstream of
separator skid assenbly 53. Conpressor 39 is nounted on the skid of

conpr essowokiahiagsenbl y 67. Conpressor 39 is a conpres®Or/USapalob®edf
conpressing the separated gas froman inlet pressure of |ess than 50 psi to
approxi mately 1100-1200 psi, which is then sent to gas manifold 41 (Figure
2) for distribution to the production wells for gas lifting. In a preferred
enbodi ment, conpressor 39 can handle 2 mllion standard cubic feet per day

(MVBCF/ D), which is suitable for. gas ljfting four .qr five | ls. Additional
Conpr ess et gue i e o Reescibale P it mdGuBTy € mnde
utilized rﬂen Eubifting nore than five wells. [0030] In a preferred
enbodi merit! SW%$ sSor 39 is a three stage reciprocating conpressor
assenbly. Conpressaor assenbly. includes suction scrubbers or de-liquifiers
tor ermvéoqzéﬂgl 5 GRporingft of tBhinvetioR R ShHt done shideassembly 4%6is epsidensde of
conpression, a gas engine and fin-fan notor driven coolers to reduce

t enper at Wewngreapshpreadeld gkigaseaplydd. shurlownakid apemblymyrmsefeibly inchidsepar at e
fuel gas skid can be utilized to supply fuel to the gas engine. Liquids
from t he sBrdgpaplye espmpls 5S¢ dpnceyedling Bril Hovvpdroaseducsn gapiédeih| Shugdown
liquid surge tank 59. Conpressor skid assenbly 67 preferably includes

conpr essckid3sgsembtytdi referably drdledes shué dew pradyr assquibly hlgandeajogatedamet apdnt r ol s
pre-mounted on a comon skid so that mnimal installation work is necessary
after theutoppeswomtakh d casgenblkiy. Bieréfore, whey shoedom syldzsfeorbiy 491is ilExcess
gas from conpressor 39 can be diverted to a closed-drain scrubber, which
can al so ptaceilvimt isrecdrass wepaalbind dlign pmng épar @tcckidaSscabhly th anetha, sw gre t ank
59. [0031] As discussed in the Background, one problem associated with
convent i daatcenveieloutin ipipérd fingm unhifed ekid pssomblysié svithshd indt piphng of slod doed sigds

that is separated is vented to the atnosphere and | ost. System 33

advant agesigsbly 40|y e prefdiicd embodilnenn dyit ¢ edve ad@nibhes praadu easbtgas af t er
separation for re-injection into the well for gas lifting application.

[ 0032] Systivared3Bcaosbaneserionoy.key forns of artificial lift - 1) reduction
of backpressure at the surface and 2) gas lift to increase production rates
and resenyes) Bfr@éﬁl angies GieRuecth RpdratoLK@T #Oirilsly SSHSHRNE BPardlol S5MBoWREd S tO be
gas lifted while sinmultaneously flowng to a very |ow surface pressure (<30

psi) becaps@nUideadiuitubRiskidAdseaBE PURRING 3 110R%ERE tdnRS9 Bibuh @ heRlon. In

backpressure on production trees 35. Unloading unit 37 also provides the

gas util igedhfodimdnPod@sn Fighte 3, unloading unit 37 comprises separator skid and liquid surge
skid assemblies 53,57. Separator skid assembly 53 is positioned downstream of manifold skid
assembly 45. Separator skid assembly 53 is preferably also positioned downstream of shut down
skid assembly 49 so that shut down valve assembly 51 can control fluid flow prior to it being
received by separator skid assembly 53. Separator 55 can be a static or kinetic separator as
discussed above herein. Separator skid assembly 53 preferably includes separator, piping, valves
and controls mounted to a common skid, so that connecting of piping inlets and outlets is all that
is required once separator skid assembly 53 is positioned in place on platform 11.
[0027] In a preferred embodiment, separator 55 is a three-phase separator having gas, water and

oil outlets. After separation, water is conveyed from separator skid assembly 53 for treatment or

further production utilization, if water flooding is being performed. The oil liquids are conveyed
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System 33 has the additional benefit of capturing what woul d ot herw se be
vent ed hydrocarbons, and thus reduci ng greenhouse gas em ssi ons and
utilizi ngvorofaar2antificial lift. [0033] Additionally, wPrhE/tsetis4ivaeh be
bot h produci ng production fluid to unloading unit 37 and gas lifted at the
sanme time because the injected gas is injected through the annul us between
tubing 21 and casing 22 or through a dual string of tubing. This creates a
closed loop gas |ift systemand the gas is re-used for lifting, making it
fully optimzed to maxim ze _production. No_cqonventional. artificial lift
Gyst brra HEUbRUEbR T SROEE AF & G by el G RaR ptr e S el hisiche
backpressure at the surface. over, no_other. conventional artijficial
lift systsisf ks fW@%‘Lﬁ 9 V@SS&T-/E%&@&%}P? ?fbﬁ%% ipdIREH arSe Bk Y BWVHsstous
produced fluids. [0034] Anot her advant ageous_  aspect of system33 is its
mobi | i ty. Vg helpfantging Fongieat Haynrapeang ek afthepibiobemmpigiodaRpling3init 37
with separator skid and |liquid surge tank skid assenblies 53,57, punp skid
assenbl y (Biguighd Somdrdidemstly diguil saeasdany| 3 cgryact B sageed Bagerersratere uther
conponents can include pre-mounted and installed equi prent and pi ping,
system 3sena§atmmt@pa@ﬁgs fram theeoi} liqygds deqgpyed frogiogpprater B Jilgigd aurgotaplotkid shi f t
of fshore. Such nobility enables system 33 to service nultiple platfornms for
maxi num eswegely BywhishigBidad kanid sigs taksS hrassbeipted pippapiletapnd oniletst vabvet ard
conpared to standard gas |ift operations which require the upfront cost of
a gas | i feontedyrpregseforblypremotmte] et § ammuontahsodha ceme@Bighd pipang inlatsteed
suitable reserves froma first platform 1l and it is no | onger econom cal
to keep tontetsipstleimt supqiing on@yssmuds tadnkidesseimplyet’ idpewticndomplbifbizEd t o
anot her platform 11l to continue operation because of its nodul ar nature.
[ 0035] Sye28irBixtém 8Y inchudes 4 @miphikid dsyentbdy § Ehawiingepumpl 43i pduategdltiatrdonr s i s not
known to exist for any other systens, which al so provides a unique
oppor t uniPuyhptdd ieprtrebinwepogitian displaaneni @atd, yuckxt b agipréc@bgmye SPuntpat3 woul d
ot herwi se not be produced after the well productivity declines.

increases the pressure of the liquid from separator 55 and liquid surge tank 59 so that it can enter

pipeline 31 (Figures 1&2) at the predetermined pressure for the pipeline 31. Pump skid
assembly 61 preferably includes pump 43, an engine or motor, associated inlet and outlet piping,
valves and controls pre-mounted on a common skid so that connecting of piping inlets and
outlets and fuel or power supply is minimal once in position on platform 11. In an embodiment
of the invention, an additional shutdown skid assembly 63 having shut down valve 65 is
positioned downstream of pump skid assembly 61 so that flow to pipeline 31 can be controlled in
case of an emergency. In a preferred embodiment, shut down valve 65 can also be a remote-
actuated valve.

[0029] A compressor skid assembly 67 is also positioned downstream of separator skid
assembly 53. Compressor 39 is mounted on the skid of compressor skid assembly 67.
Compressor 39 is a compressor capable of compressing the separated gas from an inlet pressure
of less than 50 psi to approximately 1100-1200 psi, which is then sent to gas manifold 41

(Figure 2) for distribution to the production wells for gas lifting. In a preferred embodiment,
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[ 0036] Anot her aspect is that system 33 has a small space requirenment or
"footprint” on an offshore platformdeck as conpared with conventional gas
lift assewbl2oe®i2Havi ng such a small footprint further &Crawgomoiioesor k
operations, such as slick line and electric line operations, to take place
simul taneously with system 33. This is advantageous in several offshore
environnents where frequent well interventions are required. [0037] Wile
the invention has been shown in only sone of its forns, it should be

apparent to those skilled.in the art that_ it i ghg h’nit d, hu
SUScept i BPEVESL ot pes rendhang i sttt irener fry (PRSI RY tSe Biblne
i nvention. For._exanple, the conpressor skid assenbly 67.could al so receive
the separi el §H8 QRIS HEHd AUGHGE CARRISSE0T Brect ofp BELGH Grgressor
re-injection into the wells. WHAT IS CLAIMED: 1. A well unloading unit
and conprédasemelyenhe palized whar g digtingars iR Y it oma wel | in fluid
comuni cation with a reservoir formation, the system conprising: an
unl oadi nd0Mi {n eeyafertgd PP diment sempigEon3 his ddiyeetiage| reqiRI OFraNE AYNPIYHPDCar bons
fromthe well via a production tree and separate the produced fluid into a
liquid flagfceblyn @ oanpgeesorfapsgingly includes suction pyplbsssor dp-Hanifigls do reaenerpmeaiioOn
wi th the unloading unit and configured to receive the gas fluid fromthe
unl oadi ndiquidicntraingdl 1o dremae siéerieheh sgpgs of ¢ammiessionz gos eeeandifineldn motos duvan so
that the gas fluid can be re-injected into the well to help lift the
pr oduced chdlgisdo ferlaamtertheeratersof yanprefsed grmtaftoreatlostagee f porophassianod tepaate
fuel gas skid can be utilized to supply fuel to the gas engine. Liquids from the scrubbers can be
conveyed from compressor skid assembly 67 to liquid surge tank 59. Compressor skid
assembly 67 preferably includes compressor 39 with its associated equipment, piping, valves and
controls pre-mounted on a common skid so that minimal installation work is necessary after the
compressor skid assembly 67 is in place on platform 11. Excess gas from compressor 39 can be
diverted to a closed-drain scrubber, which can also receive the gas separated from separator 55
and liquid surge tank 59.
[0031] As discussed in the Background, one problem associated with conventional well
unloading units or processes is that the produced gas that is separated is vented to the atmosphere
and lost. System 33 advantageously solves this problem by collecting the produced gas after
separation for re-injection into the well for gas lifting application.
[0032] System 33 combines two key forms of artificial lift — 1) reduction of backpressure at the
surface and 2) gas lift to increase production rates and reserves from underground oil reservoirs.
System 33 allows wells to be gas lifted while simultaneously flowing to a very low surface

pressure (<30 psi) because unloading unit 37 and pump 43 prevent the buildup of backpressure

on production trees 35. Unloading unit 37 also provides the gas utilized for the gas lift.
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a gas manifold configured to receive the conpressed gas fluid fromthe
conpressor and distribute the gas fluid to at | east one production tree and
at | east woeordanenspondi ng wel | ; and a punp confi garams2a10/06®6®i ve t he
liquid fluids fromthe unloading unit, increase the fluid pressure of the
liquid fluid, and deliver the liquid fluid to a pipeline. 2. A system
according to Claiml wherein the unloading unit conprises a three-phase
separator configured to separate water fromthe produced fluid. 3. A

system a cordig t Lm 2 wherein the unloading unit conprises ki netic
tpar at oyien 33 oy G ohfiisR oS ctisbiieay i SoUare R e SBRHhyY Fe Rt qur e
et ek ot L IS RIS 05 415 RIREI e el 1 ocated on

[0033] Additionally, the wells can be both producing production fluid to unloading unit 37 and

gas lifted at the same time because the injected gas is injected through the annulus between

tubing 21 and casing 22 or through a dual string of tubing. This creates a closed loop gas lift

system and the gas is re-used for lifting, making it fully optimized to maximize production. No

conventional artificial lift systems have accomplished this closed loop gas lift, while reducing the

backpressure at the surface. Moreover, no other conventional artificial lift system does this while

also capturing the otherwise vented gaseous produced fluids.

[0034] Another advantageous aspect of system 33 is its mobility. System 33 includes manifold

skid assembly 45, unloading unit 37 with separator skid and liquid surge tank skid

assemblies 53,57, pump skid assembly 61 and compressor skid assembly 67. Because each of

these components can include pre-mounted and installed equipment and piping, system 33 is

modular and can be rigged up or down in a single 12 hour shift offshore. Such mobility enables

system 33 to service multiple platforms for maximum usage. System 33 also requires much less

capital investment as compared to standard gas lift operations which require the upfront cost of a

gas lift compressor on each platform. When system 33 has extracted suitable reserves from a

first platform 11 and it is no longer economical to keep the system running, system 33 can be

rigged down and mobilized to another platform 11 to continue operation because of its modular

nature.

[0035] Such mobility and flexibility to service multiple platforms is not known to exist for any

other systems, which also provides a unique opportunity to effectively and economically extract

reserves that would otherwise not be produced after the well productivity declines.
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5. A systemaccording to Claim1 wherein the unloading unit, conpressor,
gas manifold, and punp are disposed on one or nore skids, such that each
skid can Wwe2r2zamgpoert ed and re-used for produci ng hydr o®arhseet1fos19ns
different reservoir formations. 6. A systemaccording to Claim1l wherein
t he unl oadi ng unit, conpressor, and gas manifold are configured to operate
as a substantially closed gas lift system such that the unloading unit
receives the gas fluid previously injected into the well. 7. A nethod for
producingo&%ﬂroc rbons froma me&i in fluyuid communi catign with a reservoir
[ én has

formatio ETHBRECE 5 RS a smail ApAGE (ARG 8%‘%%% YUdPhY unit a
produced fluid fromthe well and separating the produced fluid jnto
i quid fIOHPRPraRETmyiRsh £y iﬂ%ﬂregdﬁﬁlrcgwnﬂana? ﬁ%ﬁngh&@r@qﬁﬁeﬁj HPEHE WAb® M badi ng
unit to a predeterm ned pressure; distributing the gas fluid to at |east
one proddet®iH frthepallonis wedryak pmieiong seh as slickeline g eleptrig liphapcgliont: (i d i nt o
the well to help |ift the produced fluid fromthe reservoir; and
i ncr easi rgketise fimytencerdy with sysém $helhis yadwotaeequd i ssverakaffiBorand del i veri ng
the liquid fluid to a pipeline.

environments where frequent well interventions are required.

[0037] While the invention has been shown in only some of its forms, it should be apparent to

those skilled in the art that it is not so limited, but susceptible to various changes without

departing from the scope of the invention. For example, the compressor skid assembly 67 could

also receive the separated gas from liquid surge tank 59 for compression and re-injection into the

wells.
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8. A nethod according to Claim7 wherein the step of receiving and
separating the produced fluid conprises separating water fromthe gas and
l'iquid flIwDae12/01211A nmet hod according to C ai m7 wherei RCTRS2611011965
receiving and separating the produced fluid conprises kinetically
separating the produced fluid. - 14 - WD 2012/012111PCT/ US2011/041965 10.
A nethod according to Caim?7 wherein the delivering step conprises
delivering the liquid fluid to the pipeline, the pipeline being | ocated on

a seafloor. 11. A nethod accord&ﬁgkffééEﬁHNHﬁ;’ further conprising:

1. A well unloading unit and compressor system for producing hydrocarbons from a well in
fluid communication with a reservoir formation, the system comprising;:

an unloading unit configured to receive a produced fluid having hydrocarbons from the
well via a production tree and separate the produced fluid into a liquid fluid and a gas fluid;

a compressor in fluid communication with the unloading unit and configured to receive
the gas fluid from the unloading unit and compress the gas fluid to a predetermined pressure so
that the gas fluid can be re-injected into the well to help lift the produced fluid from the reservoir
formation to the production tree;

a gas manifold configured to receive the compressed gas fluid from the compressor and
distribute the gas fluid to at least one production tree and at least one corresponding well; and

a pump configured to receive the liquid fluids from the unloading unit, increase the fluid

pressure of the liquid fluid, and deliver the liquid fluid to a pipeline.

2. A system according to Claim 1 wherein the unloading unit comprises a three-phase

separator configured to separate water from the produced fluid.

3. A system according to Claim 2 wherein the unloading unit comprises a kinetic separator.

4. A system according to Claim 1 wherein the pump is configured to deliver the liquid fluid

to the pipeline, the pipeline being located on a seafloor.
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provi ding on one or nore skids the unloading unit, a conpressor for
perform ng the conpressing step, a gas manifold for performng the

di st ri butwogost@piitand t he punp; and t ransport i ngPeaAIs2&GRI0d 6 om a

| ocation proximate the reservoir formation to a | ocation proxinmte a second
reservoir formation and re-using the unloading unit, the conpressor, the
gas manifold, and the punp for produci ng hydrocarbons fromthe second
reservoir formation. 12. A method according to Claim?7 wherein the step of
re-injecting the gas fluid is performed while. the unloading unit..

Fecei vi ng- t he vt et g b b BHE AR Yhlcsing Dt mPRe et MR oduci ng
whil e being subjected to a gas |ift operation, _13. met hod according to
Claim?7 v%ﬂgpwwrﬂ@&p%%eéﬁn 8RS IR ity S‘HlighaﬁF%? &ké&alr Q%ﬁrﬂlsemrap ggused
receivin% gas fluid previously injected into the well such that the gas
fluid is iPeredusppeiydigcarbns diopt digeneyt resebOufORREONS ft cycle. 14. A met hod
according to Claim7 wherein the steps of receiving the produced fluid and
i ncreasing the pressure of the liquid fluid conprises reduci ng backpressure

at the well. ' ' ' ' ' '
6. A system according to Claim 1 wherein the unloading unit, compressor, and gas manifold

are configured to operate as a substantially closed gas lift system, such that the unloading unit

receives the gas fluid previously injected into the well.

7. A method for producing hydrocarbons from a well in fluid communication with a
reservoir formation, the method comprising;:

receiving in an unloading unit a produced fluid from the well and separating the produced
fluid into a liquid fluid and a gas fluid;

compressing the gas fluid from the unloading unit to a predetermined pressure;

distributing the gas fluid to at least one production tree and corresponding well;

re-injecting the gas fluid into the well to help lift the produced fluid from the reservoir;

and

increasing the fluid pressure of the liquid fluid in a pump and delivering the liquid fluid to
a pipeline.
3. A method according to Claim 7 wherein the step of receiving and separating the produced

fluid comprises separating water from the gas and liquid fluids.

9. A method according to Claim 7 wherein the step of receiving and separating the produced

fluid comprises kinetically separating the produced fluid.
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10. A method according to Claim 7 wherein the delivering step comprises delivering the

liquid fluid to the pipeline, the pipeline being located on a seafloor.

11. A method according to Claim 7, further comprising:
providing on one or more skids the unloading unit, a compressor for performing the
compressing step, a gas manifold for performing the distributing step, and the pump; and
transporting each skid from a location proximate the reservoir formation to a location
proximate a second reservoir formation and re-using the unloading unit, the compressor, the gas

manifold, and the pump for producing hydrocarbons from the second reservoir formation.

12. A method according to Claim 7 wherein the step of re-injecting the gas fluid is performed
while the unloading unit is receiving the produced fluid from the well such that the well is

producing while being subjected to a gas lift operation.

13. A method according to Claim 7 wherein the step of receiving the produced fluid

comprises receiving gas fluid previously injected into the well such that the gas fluid is re-used in

a substantially closed gas lift cycle.

14. A method according to Claim 7 wherein the steps of receiving the produced fluid and

increasing the pressure of the liquid fluid comprises reducing backpressure at the well.
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