TI TLE OF THE | NVENTI ON Modul ar Transportabl e System for SAGD Process FlELD
OF THE I NVENTION A transportabl e nodul ar process particularly well suited
for expl owbi2opp/@o32enot e heavy oil resource or the |ike for/@eeanmoessssi ng

st eam asg} ' hage technol ogy or the Iike. BACKGROUND CF THE
| NVENTI SquIﬁﬂ&VEﬁ% 1ch for Steam Assisted Gavity Drai nage (SAGD)
facilities is toinstall a large, permanent, centrally | ocated SAG

pr ocessi acilit | ar oil .sands | ease. A nunber of well pads, from
whi ch nlﬁ‘?q‘ﬁﬁ)qréjra(“ﬁ@/%‘agglﬁge% f?'gsﬁ%%) PERED wel | pairs are drilled, are
connected to the Central Processing Facility (CPF). Interconnecting

pi pel i nes_are n U] to deliver steamfromthe CPF to the well pads
and tramaﬁi—%Mi tumen and water to the SAGD processing
facility for treatnment and ultimately shipped for sale. As the resource
accessed by individual wells beconmes depleted, new wells are drilled
requiri ry t@agortakie apodilan prrcessuPRIBEUarlYoWgk rsuitseh Ex HRIGEEEI P EGPetD diepesil

bet ween LGB e1neekL fq?ggagn A ghidd ool RGSSS Fﬂagit}f @Ginhgd téchndIdgy &ﬁﬂéfﬁk@escr i bed

concept requires signi t 1njections of cdpital and is only viable for

| arge contiguous oil sands resources to provide enough bitumen to support
the facigd| GNB LS yfetime. In addition, these facilities
have de,‘iﬁé’??&#}iu V&)I;"IJ# e T apt e(,woften associated with frequent equi pnent
mai nt enance or failure or inadequate process control. Sonme of the ngjor

of | abor eRUEHE AURURih A i o P Rup Toavess BCU deTRR s LORll Fassa 1 o

sof t energrmdne@etatrallebested SAGIOMBLessing faANE of allArgé 8il sivRIdHeass i HnGabdron ( WAC)
i on exchange system and once thr ough steam}gener ators (OISG . |nadequate
use of ARG dempyich awltpls ynigally 2410 SO vedpars #re delerb atcecoppecipdivial

oper at oryd Qbffay @%&gmrgl\mﬂﬁp g@p‘w OlEerRINRGBRS pMRBREYe teH! HguildBdS 4giR s O
degree of processin ol lowed by transfer in and out of the tank farmonly

t o undersipamffeam He/Chbite theswdlpds andSuBSIPIThA Brodied bitgrres @dagyer tythe SAGD
2012/ 10 ; ition: l i
%&Q&%@%g&ﬂo& s i ﬂﬁﬁg%ié/géﬂg) Eé‘?or%ll ! é?@?%%}ﬂr%éag%%@s%éd 8y

current oil oduction tec e raisin
i nt er natindvnidbal avedls dermmwtsi deplepd,camn webmare piridlsd ndquaing edtlitivhal @ad ptesurhéidy oi |

ds i whol e. SAGD faci|iti h . . f i
e contitaL e He@uty Birfis B BBLnE RSy Bids o BR i@t pdfis” ot P

i nterconnecting roads and pipelines and canp facilities for construction,

mai nt enance, and, operating staff Ln.additjon, they have signifjcant water
oe a1 SpOR e BET et e e Ller s Oh AP S il e goree

gr eenhousfighass OikR&Td8irbRrces LpRVIE cAGuAPRANTCH D tshport MEVELIRY AW RsSitu
recovery techni ques that m nimze the overall environnental inpact. G ven
t hat modlanged kifgdme.dp gddition thege Bgiitipehave degongiraiad Bers unisliphlpiofign awotiated e
scal e i Ryl frbtueRCQNSINenfhRinfAARE @NEilRP K FhRe LP}/e PRLAL c%tkol.c%ﬂl%néfetﬁe the
next wave of oil sands devel opnent activity W eed to focus on scattered
pods or ndioreaetribping facsers to this popt relabilils perfiringnesamelade: be achi eved with the
current in situ thermal recovery techniques. Smaller scale facilities that
can be easily redeployed will be needed for this for the snmaller pods of
oi | as they wi IThefuseesfusgiok infendivt cStifipOWhtcBtica@fichd Poicss@rsailedsthol/ivh@n Bhe 20+

years. The notiopn of reducing.scale, operating and capital costs is counter
to the " economfog?“e I RReTaiglply rem Yﬁla’%g “ggh?rgmg\ﬂf‘gﬁatﬂ‘k{%ﬁ‘@f‘&‘l‘
fit-for-purposexengiigeenngd des BrdughSedRY e@forsItdTSIGYVENTI ON

« Inadequate use of automated process control resulting in over-dependence on manual

operator intervention
Non-continuous process whereby fluids undergo some degree of processing followed

by transfer in and out of the tank farm only to undergo further processing.
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According to a preferred enbodi nent of the invention there is provided a
transportabl e nodul ar process for exploiting a renote heavy oil resource or
the |ike weiznp/mbzam assi sted gravity drainage technol oggTarazotigwobicke. Sai d
processy ibrs | i f a6 BF SARACOR! Gl A0 AR RGNS Giré rdi§iRg d
modul es x&%ﬁ@&b%ﬁ%e{nﬁ%@@?%n%@%d agLJﬁacent stosgﬂ;?% renote l.eavr _6|1I :

r esour ceigpifeitdeemhigonabindi doynestis aongsiresi and padsent lageal yhredt to the odsarss idustrhe

i ke. E u ' 1SS . tl

mant actu SOt RO AeBaa S AR F AR o bATRIES LARRRIA wk AR RrRte
essent i dbr theGPPmeelt pddarinesomectinftoadsomid gipelioestzai rgmp faigips fdrednsroctagj acent

the resoqurce. Each nodyl e |.n n transport.ed.to adjacent e |
Fesour o s o EReog v o PRGN DRERRE TRTGRL M B0 20T stomebs 1o
enabl e aguetBihedte af\GR PricPRe ffier@ivel Radihg ke gre@nidis€ @RS eneedtivn. aliede @nhn Sai d
resource, wherein once said resource is depleted, said nodular process may
be di saSBRRBINEY tadfyClop Py i Bt feeqy cpygtechnifuet RARNIPERYe VPR SaYiEnmenta
subsequggpdy reassenbled at said different renote resource in the same
manner. Sai d process conprises several transportabl e nodules selected from
the follow ng group of nodules: 2 SUBSTI TUTE SHEET (RULE 26) WO
2012/ 10Q§§&P&}I{ %&0&%9%@@%@? uSts re@i b RhbIE %&%%ﬁ? lﬂ;gg%ﬁé i kinf! ash
cool ing of produced water "rat egr than the convention; “c) Vdapor Recovery
Unit ( VRpvéEy eare orwngd daniduepergjed byysmiom aibdohpaniad) ti@onpricwaey ap@ilasasds wi t h
an external ] Sk ki Ot or | e ar
modi 1 o BT, Bk Ry RGeS B ARG Pal S8 AR AE
cool i ng cayst berjch@vabivite thef aerdntviatiar thetnpd kecoeeny techidqaes aSmatiehi stale facitieBoi | er
modul es tlrx]a)t cEr? € reas1 ynrg e%Iolygcp wri“)gg Ingesded for this for the smaller pods of oil as they will
frequently not support an economic project life of 20+ years. The notion of reducing scale,
operating and capital costs is counter to the economy of scale” model, but was achieved with

thoughtful fit-for-purpose engineering design.

SUMMARY OF THE INVENTION

According to a preferred embodiment of the invention there is provided a transportable modular
process for exploiting a remote heavy oil resource or the like using steam assisted gravity
drainage technology or the like. Said process comprising transportable preassembled and
commissioned / tested modules which when interconnected adjacent to said remote heavy oil
resource provide the ability to exploit said heavy oil resource or the like. Each module being
preassembled and commissioned at the time of manufacture with the necessary piping and
electrical wiring and other essential equipment for each module prior to being transported to
adjacent the resource. Each module being, when transported to adjacent said resource, able to be
readily interconnected with other process modules to enable an entire SAGD process or the like
to be constructed adjacent said resource,

wherein once said resource is depleted said modular process may be disassembled and
transported to a different remote resource, and subsequently reassembled at said different remote
resource in the same manner. Said process comprises several transportable modules selected

from the following group of modules:
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and once sel ected, transported, assenbled and securely interconnected,
providing a conplete SAG process or the like for exploiting said renote
resour ce.woheilzmoizhes are designed to be direct coupl edPomanel 1004690

| evel s with pi %}Slél?g@%%tsggrglmtn%dﬁﬁgh nodul e. This reduces the overall

size of the co e ocess plant and mininmzes the need for |ong
pi pe racks typb)aflashfcoclingrof ptodSx@bvadtacathértthanghe conventios; al so a criti cal

feature required {0 s ort .th bility.con i nporated into the
desi gn. Accor d"ﬁngv?pé’r gﬁ%tvﬁrgrl}ngmg{) er?tor(%?a/fuﬁfe)galgg Séen {ﬁgér?l‘fl&[ here is provided
a transportabl ¢ nOshpaar evapahemwithranextimat debivrr exbthercdviaporatossi avgilabldsrocess

or the like. Said, system conptisSi of several of the follow ng

i nt er connect ed nﬁaﬁ%éé(e'a@éé’gﬁl‘flé% Wr}%fed’eg%?ﬁiy'process at a desired site, but
each nodul e bed)nICEMAEkREnPMBELI ¥ Er ex40p1S EIybsl easlinglsy9Emy 0 bei ng

transport ed: aé Modul e 1 conpri si ng inlet coolers, an inlet separator, a
de-sand unit, BndBeleetedwater supplyaed ehamigl @dddion Tr eati ng vessel s. b) Mdul e
2 conprising of)y aflilPRigacs Gas Floatation Unit, distillate tank and Dil bit

cooler. c) Mdule 3 conprising the evaporator exchanger. d) Mdule 4
conprising an kvaporeatencrationprasivlesr | evaporator recircul ati on punps and

chem cal ! I . LSl i 1

purps. ALkl PPl aBUmbRS b s F TR SRRBE o hE RGO i g
a boi | eSAQ]) pivbadsibethd likofvpexpdoitige palvemogeesenat. on and a Heat Recovery Steam
Generator. h) Mdule 8 conprising a glycol cooler or other cooling system
i) Module 9 conprising a flash drum flash drum condenser, and dunp

condens @he nddABEE!dELiZkedSHIBE BircRUJbipl@bdn onddraGdAEvEGOBROPET FACK? iehtD@D465 | )
Modul e 10 conpri sj | ycol e nsi.on dr fuel gas dr nd . heat
excﬁang@i’%‘. méﬂfné. S]thsg re%ucges ¥he overal %?ze Solft e comgme SAJ(?D p?ocsess plzlajnrtnamg1 m?nim%es

the need for long pipe racks typical of current SAGD facilities. This is also a critical feature

required to support the portability concept incorporated into the design.

According to another embodiment of the invention, there is provided a transportable modular
system for hydrocarbon extraction using a Process or the like. Said system comprising of several
of the following interconnected modules assembled into said process at a desired site, but each

module being commissioned where constructed prior to being transported:

a) Module 1 comprising inlet coolers, an inlet separator, a de-sand unit, and Free
Water Knock-Out and Oil Treating vessels.

b) Module 2 comprising of an Induced Gas Floatation Unit, distillate tank and Dilbit
cooler.

¢) Module 3 comprising the evaporator exchanger.

d) Module 4 comprising an evaporator compressor, evaporator recirculation pumps
and chemical addition machinery.

€) Module 5 comprising boiler feed water pumps, instrument air systems and
electrical systems.

f) Module 6 comprising a boiler.

g) Module 7 comprising power generation and a Heat Recovery Steam Generator.

h) Module 8 comprising a glycol cooler or other cooling system.

i)  Module 9 comprising a flash drum, flash drum condenser, and dump condenser.
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Sai d nodul es bei ng assenbl ed and interconnected into said process by the
provi sion of the boundaries of said nodul es being adapted to be securely
connect edwbyoreobini cal neans, and by connecting el ect ripcalcA20nawowad

pi ping runs exteng fio ") htarhs. Yhbe a4, tah th the
defi ned equi pn‘intr}\q&c)) ”}gs‘geg,,%g % gﬁ% l%)agm?earrr ang&g %ﬁ q}er ent yeor
occupy | ess or noxechanpan ten m)dul es. Ten nodul es provi de j ust one of the
preferr i n 0 of nyention fo

Pef er engadiss e B Moo b KA ks B e o 36 o e

i nventi bmndam\estolﬁ eamhnﬂdthlasrbemgydeptecﬂtemlseduedy abmvc&ed Hryanmhdmbzﬂmeameand by

i nt erconnect ed nce iS.lS doFr}g furt aqgrl SI&;L& t he necessary

equi pneﬁ?nneﬁﬁ‘@ﬁ lrca mﬁ??ﬂ r{’d]p‘%ﬁmf priipe Oé%fn@ s %, electrical |ines
and sets of control | ers requi red for the operation of the nodul ar
process/sys Prefera | east ne of the sajd above ules is

sel ect ef § ¥ Sﬁ?é tmﬂileo%f%c? pquiRmext o f&yseﬁﬁ? Wesnight bedgarpged @ffetﬁﬂféw fied to
I ncor popalpy HRERXK sk rthé\nééne}n&ﬁlesoﬁ"erp%ﬁﬁl% bevide BRI oftthe PRIBRAGH non
evapor at or vvlth an external conpressor suction drum and/or c) VRU

Ej ect or bmltmwmbpdlmptsprﬁehnmmn fagthe gase effefasencp folie dawingst er as opposed to
conventional heat exchanger. According to yet another aspect of the
invention there is provided a nmethod of transporting a SAGD process or the
li ke toAacqr@ing)tt@ytty@ptt\caaspoﬂ qfeh@irwctilt'roncbmhcirmm@r sy<De idescribedmaisbut ¢l whi ch

col l ectivel bst ant enbl ed together to
S obst anmogfis ¥ Ak RRRed Ind BAE R if e G PmphiERs BRTEIREE 8RBT | (e
above. machisdry,ydping gnd abthgiadichiag nkdapeRerical 1es hd $eedofdsdnBolldrariBiFed

trailer, rail car, rge.qr the |i Transporting said nodules to the
renot e F%é%qp%t’%?tﬁse%P@gﬂrsm%‘iess@[yﬁém sui tabl e means of transportation.
Assenbly of said nodules at the renote location into said SAG process or
the Iike and using the systemfor extraction of hydrocarbons. 4 SUBSTI TUTE
SHEET ( Rufeablpst leagioneof s said 3boypamdeiks isiselegiod frem the following list of:

a) Third party evaporator modified to incorporate KemeX weir and a set of controllers;
and/or

b) Compact evaporator with an external compressor suction drum; and/or

¢) VRU Ejectors; and/or;

d) Flash cooling system for produced water as opposed to conventional heat exchanger.

According to yet another aspect of the invention there is provided a method of transporting a

SAGD process or the like to a remote hydrocarbon reservoir comprising:

e Defining modules which collectively substantially make up the process when
assembled together to substantially form said process including preferably
modules 1 to 10 listed above.

¢ Constructing said modules adapted to be fitted on a tractor trailer, rail car, barge
or the like.

¢ Transporting said modules to the remote location using trucks or other suitable
means of transportation.

¢ Assembly of said modules at the remote location into said SAGD process or the

like and using the system for extraction of hydrocarbons.
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Usi ng the SAGD process or the like at the renote | ocation. According to
still another aspect of the invention there is provided a nethod of
constr uct\ivogom/lmmm ar transportabl e SACD system conpri eCagArodidess| i st ed

above. First dgfip g ] ﬁﬁ)hg%()pﬁle e ASS 18GigR! | ectively make up
ction o

t he process for extr rocar bons. econd constructing separate
i nt erconnecti ng nodul es adapt ed to be transported by a truck or other neans

of trans ort tion, .oNnij f thes temo he nbdul.es at the
Lt actRgeRe Bl BREL R Ty Rl fore RErSU Bl EThfhed OFrBRNER 22 L
finally modpatiangoititde SMAD sgsterth @omprismspoditlatlised abevet he renote | ocati on.

According to yet another aspect of the invention there is provided a use of
a system descri bed above further conprising steps of: a) Constructing and

assenbl i ng,t h“?rstrrggﬂlln?gsnﬁﬁul@s iy @Hénuﬁés&ﬂblécp%éﬁ ng&(lys)maqikflfpe{hg%oéeﬁsomrt he

final plant site adjacent the resource. li'ng the systemfromthe
modul es at t Ieastraption pBlotdiacarpgnd. ocat i on(s) c) Testl ng and conm ssi oni ng the
nodul es and/ e nat i on, of S at e uf acturing |l ocation(s).
D Sconn o SR BTN et e iR e oS AR REBS BRPpu R 8" o)
cars or ot henruskbt @hdrencarastaraaspottationsport ati on. e) Tr ansporti ng the nodul es
to adjacent the oil sands or_ heavy oil resource | ocation. Assenbl i ng the

syst em fr o tivgd sopmisioning ofiee pystrst ef the caadplss at gy Wfaﬁ‘é}flp&é“ﬁ% &ear bons

fromthe oil Sandsblig m%as&étem lintd @ROThddBley S b0 fihdlR pRpaiy 8d Sysh&Morh) If
necessary, dissenbli ng rel ocating and reassenbl i ng the system at anot her

renot e | ocat |t@nsppﬁaté)(1ttﬁﬁ@trefh%ﬂ(@é%ﬁfbons fromthe oils sands or heavy oil at
the new |l ocation. It is inmportant to note that separate nodul es can be
manuf act ured and assenbl ed at single location or at nmultiple |ocations and
t est ed azﬁccphii!@tm Yot andthem sspeet ofi the spyenticadhére ioprevided aubsoof asydteondasirgsioned

prior to,the % | very .to the renote |location. 5 SUBSTI TUTE SHEET ( RULE 26)
above further comprising steps of:

a) Constructing and assembling the modules at a manufacturing location(s) different
from the final plant site adjacent the resource.

b) Assembling the system from the modules at the manufacturing location(s).

c) Testing and commissioning the modules and/or the combination of modules at the
manufacturing location(s).

d) Disconnecting the modules and positioning them on tractor trailers, rail cars or other
suitable means of transportation.

e) Transporting the modules to adjacent the oil sands or heavy oil resource location.

f) Assembling the system from the modules at the remote location.

g) Extracting hydrocarbons from the oil sands or heavy oil deposits using the assembled
system.

h) If necessary, dissembling, relocating and reassembling the system at another remote

location to extract hydrocarbons from the oils sands or heavy oil at the new location.

It is important to note that separate modules can be manufactured and assembled at single
location or at multiple locations and tested at those locations or transported to one location and

commissioned prior to the delivery to the remote location.
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WO 2012/ 100320PCT/ CA2011/ 000465 Accordi ng to anot her aspect of the
invention there is provided a process conprising several nodul es sel ected
from t he wol2biongpogr oup of nodul es: and water sepacatdAnnocisses;

Fl ash CORJ:doHﬂn fo RGeSt IBE B 1B@e%&]§ﬁ tﬁeF@ﬁ ;5r9€id&99‘{of f pri'@t?xgtse@?fﬁhanger

or the Ik %hpor ecovery Uni Ej ect or and gas sy

modul es; mOQBﬁm@bﬂf@ﬂamdmabbowmgghmanfemdd¢mal dem ster or other evaporators
avail abl e on the market and rodified where necessary; Cooling system
nodul es (for exanple glycol cooling system; Boiler feed water

st orage/ suppl y andilcdadWagakepaghtivh medule®dul es; Boil er nodul es; Power
CGeneration nodul es_  thus providing a conplete SAGD process or the | i ke for
expl oi ting a retottash eadipgod Pr%&‘:‘&‘iﬁir\di‘tﬁfgfafh@r ﬁﬁbtﬂﬁe@n&%‘@ﬁ@ heat exglangen@nt i on
there is providedyg peocess for hydrocarbon extraction froma resource,
usi ng an SAGD process, said process conprising the follow ng nodul es: a)
Modul e 1 conpri si YgpénResoverpUhie (6RUnHjectnt @i fed jgay 9stom, madutbs: sand unit, and
Free Water Knock-

ting vess e 2 co of an
nduced cas Fi oht SOTBR GyReraet € o SERa e e b OB A e Rl e 3
conprising an evamrrﬂdrladfta@d(ﬁxb@nﬂ@@ﬁvherehedvmw,e 4 conprising an evaporator
conpr essor, evaporator recircul ation s and chem cal addition machi nery.
Cooling system modules (for exam e glycol cooling system);

e Boiler feed water storage/supply and chemical addition modules;

e Boiler modules;

e Power Generation modules

thus providing a complete SAGD process or the like for exploiting a remote resource.

According to another aspect of the invention there is provided a process for hydrocarbon
extraction from a resource, using an SAGD process, said process comprising the following

modules:

a) Module 1 comprising inlet coolers, an inlet separator, a de-sand unit, and Free
Water Knock-Out and Oil Treating vessels.

b) Module 2 comprising of an Induced Gas Floatation Unit, distillate tank and Dilbit
cooler.

¢) Module 3 comprising an evaporator exchanger.

d) Module 4 comprising an evaporator compressor, evaporator recirculation pumps
and chemical addition machinery.

¢) Module 5 comprising boiler feed water pumps, instrument air systems and
electrical systems.

f) Module 6 comprising a boiler.

g) Module 7 comprising power generation and a Heat Recovery Steam Generator.

h) Module 8 comprising a glycol cooler or other cooling system.

i) Module 9 comprising a flash drum, flash drum condenser, and dump condenser.

a) Module 10 comprising a glycol expansion drum, fuel gas drum, and additional

heat exchangers.
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e) Module 5 conprising boiler feed water punps, instrunent air systens and
electrical systens. f) Mddule 6 conprising a boiler. g) Mdule 7 conprising
power gerwoabiomwoznd a Heat Recovery Steam Generator. hpcCimhzba/80465

conpri si I I i sing
2 T ash trdh i SR et B 1RE bOE i SRLLRRISRY ShEReclst MGl B cRp B TR
conprlsnngmamngGBMMaxpanS|on drum fuel gas drum and addltlonal heat
exchangers. 6 SUBSTI TUTE SHEET (RULE 26) WD 2012/ 100320PCT/ CA2011/ 000465
wherein said nodules or the |like being interconnected into said process in

order t oTHRdireitlobfativé iDNGHREDEMsHRS, caua féseratw«aoﬁprefe@mp BEREdsing Fadiffyt O
engi neer, construct, and operate a conplete SAGD processing facility with a

number oV ithadRTRST (o qrodula. thak & dBlgnded @ebeaggséwbkécpndrmﬁ@mwr@émﬁé@e of f
site, T %@ea&@gn@wnad%ﬂﬁ%tw tnIbdqrep% cI@a@th@Senafa SAGR! frobdie aﬁ@t\kl{lé?x D
process and, when the resource is depleted or proven unheconon ca

di sasse rﬂ§$0@tpea$1dlﬁn1@¢maﬂ@@n wnecanelnichlediesssemegbandoelotatedve ar diffswmboettet o
expl oi t t I DESCRI PTI ON OF THE FI GURES

Fi gure fﬁ?&ﬂg&%@ﬁ%@%ﬁ;g%g$QE¥8%%§§ EEBSE i agr am ( Evapor at or/ Boi | er Desi gn).
il Figure 2 is a1l Site Flow Diagramillustrated in one enbodi nent of the

i nventi ow Di agram wi t h evaporator having an
externaﬁ@%g§i§E§§:1.r@%??gguuéiﬁ‘éﬁgﬁinbodlnent of the invention. Figure 4
is a Conventional FWKO and Treater.

Figure 1 is a Conventional Process Flow Diagram (Evaporator/Boiler Design).

n
Figure 2isa 1 Site Flow Diagram illustrated in one embodiment of the invention.

Figure 3 is an UltraLite Flow Diagram with evaporator having an external demister illustrated in

one embodiment of the invention.

Figure 4 is a Conventional FWKO and Treater.

Figure 5 is a Desand/FWKO/Treater illustrated in one embodiment of the invention.
Figure 6 is a Conventional Produced Water Cooler and Skim Tank.

Figure 7 is Produced Water Flash Drum, Condenser illustrated in one embodiment of the

invention.

Figure 8 is a Dump Condenser illustrated in one embodiment of the invention.

Figure 9 is a Vapour Recovery Units Systems illustrated in one embodiment of the invention.
Figure 10 is a Desand/FWKO Treater Controls illustrated in one embodiment of the invention.

Figure 11 is a Temperature Profile Comparison between conventional system and the systems of

the current invention illustrated in one embodiment of the invention.
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Figure 5 is a Desand/ FWKO Treater illustrated in one enbodi nrent of the
invention. Figure 6 is a Conventional Produced Water Cool er and Ski m Tank.

Fi gure 7 we2Prodoized Water Fl ash Drum Condenser il | ust patramh2d/0ness
e, 2t X oAREles sk A G 1 0
one embouin? of @RISR BA MRy AP LTR BRI Bt

Syst ens mh&ﬂsmmmbéheuwmums enbodi nent of the invention. Figure 10 is a
Desand/ FWKO Treater Controls illustrated in one enbodi ment of the
invention. Figure 11 is a Tenperature Profile Conparison between

convent i Bigade 18Vis tae isoatedict View 9f siicdoke OEorfiBingUinleetdoldr)igtat separaiok,| desdandit ed i n

one enbo t of the jinventi.on SUBSTI TUTE, SHEET (RULE 26) WO
2012/ 100@@%/3%‘61@ By '?P@%%bogﬁn‘?% g}"_? nyeRtonof t he assembl ed modul ar

SAGD plant with ten nodules illustrat ed in one enbodi ment of the invention.
Figure 13 is an isonetric view of nodu 1 con*%ri sing.inlet coolers, inlet
separ at o g¥dd 45l ISOMARD YiPwef érodv@s’s@mmsmaslﬁ AdPifvit caoler apdBRHWEAD of

the i nve&ﬂﬂﬁ?ﬁmﬁ E:bﬂfdfa?or%th‘ t%o%@at'e%gﬁ%erré BudtaRY i bnd EHokfneht Glotﬂpfn'v@dtﬂg | G-

and Dilbit cooler 'and nodul e 10 conprising evaporator wth two

exchangers illustrated in one enbodl ment of the |nvent| on. Fi gure 15 is an
i sonetri e f r f.or
reci rcuIg?‘:{ﬂgnlvgp%r%@gﬁgﬁchéﬁglﬁﬁdg d?tc:é\g}@ﬂglgé %(’a %?p%ssné\égaﬁ%lra ment

of the imviewtation parfsi apd ckenii6als additives Slosretied io owe enbccdimemdﬂﬂhe iveat@mpr i si ng
punps, air and electrical systemillustrated in one enbodi nent of the
invention. Figure 17 is an isonetric view of nodule 6 conprising a package
boi | er iFigust reaisesh iisoneoR eeWost fedile of céhgrisingv pithpsPrair Midgele@riddd dystedn

i sonetrigc view.of no nprising power generation and HRSGillustrated
in one ‘ir'ﬂ ﬁpneoqmohoﬂgnqnﬁg H? ["SFAUOR] gure 19 is an isonetric view of
nmodul e 7 conprising a glycol cooler illustrated in one enbodi nent of the

i nventi on.
Figure 17 is an isometric view of module 6 comprising a package boiler illustrated in one

embodiment of the invention.

Figure 18 is an isometric view of module 5 comprising power generation and HRSG illustrated

in one embodiment of the invention.

Figure 19 is an isometric view of module 7 comprising a glycol cooler illustrated in one

embodiment of the invention.

Figure 20 is an isometric view of module 8 comprising a flash drum, flash drum condenser, and

dump condenser illustrated in one embodiment of the invention.

Figure 21 is an isometric view of module 9 comprising a glycol expansion drum, fuel gas drum,

and small exchangers illustrated in one embodiment of the invention.

Figure 22 is an isometric view of modules 4, 5 and 6 illustrated in one embodiment of the

invention.

Figure 23 is an isometric view of modules 1,2 and 10 illustrated in one embodiment of the

invention while Module 10 comprises an evaporator with two heat exchanger towers.

8
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Figure 20 is an isonmetric view of nodule 8 conprising a flash drum flash

drum condenser, and dunp condenser illustrated in one enbodi nent of the
i nventi orwoRbpmoes281 is an isonetric view of nodul e 9 ceapriaingoatecgl ycol
expansi on drum fuel gas drum and small exchangers illustrated in one

enbodi mrent of the invention. Figure 22 is an isonetric view of nodules 4, 5
and 6 i | Figeter2dAaslan isoroetec errbyadintodnles 0f2 dndd 0i illvented dmsecbndyenilmdident of d1e

i sometric view of u 1,.2.and 10 il]Justrated in one enbodi ment of the

| vent 1 ol SN e i NERHe 78 g Sn auirolar Rih el i SR CRGE RO exchanger
towers. 8 SUBSTI TUTE SHEET (RULE 26) Figure 23A is an isonetric view of
nodul es éf 2 and 10 illuystrated in second enbgodi nent of the invention while
Modul e 1 gE‘an%r S B SISOIPERS, Xi5Wr At BPdwigst 18 andsilfglstratedt ineeraapRpdmany @k the

Fi gure 24vémioan 1sometric view of nodules 2,8 and 10 illustrated in one
enbodi nent of the invention. Figure 25 is an isonetric view of nodules 7
and 8 illustrated in one enbodi nent of the invention. Figure 26 is an

| SOt 1 Fighleeyy Of afRAHeAR (oSt Roddib!5 nB' L il S A UHOARALROLE e
invention.” Figure 27 1s an 1sonetric view of nodules an il Tustrated in
one enboiienginn. of the invention, while nodule 9 is located on top of nodule
3. Figure 28 is an isonetric view of nodules 1 and 7 illustrated in one
enbodi ment of the invention. Figure 29 is an isonetric view nodule 1

mount ed Bigura 26 isChn etheirlcl viswrft mddiles onad enmilndirstedtin ohe teh®odimésnbs 1.
Figure 30 is. a schematic side view of nodule 10 - a heat exchanger of a
conpact BYHWSPat or positioned on truck illustrated in one enbodi nent of the
i nvention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS KenmeX has

devel oped a new SAGD pl ant design that achi eves the follow ng:
Figure 27 is an isometric view of modules 3 and 9 illustrated in one embodiment of the

invention, while module 9 is located on top of module 3.

Figure 28 is an isometric view of modules 1 and 7 illustrated in one embodiment of the

invention.

Figure 29 is an isometric view module 1 mounted on a truck bed illustrated in one embodiment

of the invention.

Figure 30 is a schematic side view of module 10 - a heat exchanger of a compact Evaporator

positioned on truck illustrated in one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

KemeX has developed a new SAGD plant design that achieves the following:
a) Plant capacity and size reduced to fit business needs and improves economics
b) Lower capital and operating costs per unit of production
¢) Increased plant reliability
d) Reduced environmental footprint

¢) Extended facility life through portability

9
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a) Plant capacity and size reduced to fit business needs and inproves
economi cs b) Lower capital and operating costs per unit of production c)

| ncr easedwplz2arer1oozbi abi ity d) Reduced. environnental foeCprdadiiepodext ended
facility |life through tahility 9 SUBSTI TUTE SHEET (RULE 26) WO
2012/10g§§€?ﬂ&&§@$£%%§§¥%¢%§%465 Key Design Features and Benefits The pl ant
design that was created focused on addressing the critical factors

i nfl ' future oil n sands expl oitation needs. y features of the
kgne;](eg%gg‘é?t epig thet @a%Awdpr%F‘P %@dgﬁsm&%&a@@al fmmnﬁrlemlneéwv@mﬂe

[ r co Snal | er__capaci t
design san(a\s,\%gcplmt {otnanee S. %&ey egtVIYrees of t eaIEeme Sslte?Ultrathe SAGD ant des¥gn

include:

« Modular / Portable design

« Lower capital cost

« Lower operating costs

» Smaller capacity

« Lower environmental impact
o Higher water recycle rate
o High energy efficiency
o Lower emissions
o Minimal land disturbance

« Shorter project schedule

Modular / Portable

The modular / portable concept provides some distinct advantages:

«  Minimizes the site labour requirement, thus significantly reducing cost and schedule
risk with a large work force working in a remote location under adverse weather
conditions.

«  Provides flexibility to relocate the facility once the resource in a particular location
has been exploited or proves uneconomic.

« A single pilot plant can be used across a number of sites.

«  Site reclaimation easily and cheaply accomplished.

Lower Capital Costs

Capital cost reductions in the range of 30% to 40% compared to conventional SAGD designs are

achieve through the following:

« Integration of well pads and process plant on a single site (minimal interconnecting

pipelines required).

10
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Lower environnental inpact H gher water recycle rate Hi gh energy
efficiency Lower em ssions Mninmal |and disturbance Shorter project
schedul e Wbauni2amo32oPort abl e The nodul.ar / portabl e coneeptCAzZDOW0CES SONe

di stinct advantages:. M.nim zes the.site | [ - | 1€

significantly ﬁ’g’gﬁ% iSWbDMgBeglonélﬂ%St%eéﬁlgaﬂlgEDCP ’l%g%?% 1{1@%‘5{3 (fealggg& %‘%%%? orce

wor ki ng i n a renminater@badinoor unnckessapcdgaipeentveat her conditi ons.  Provi des
flexibility to_relocate the facility once the resource in rticular

| ocation has' b&BRAEE FIRREY2 alalﬂ?8\9@“81‘?&%6%8}910@.“%%5?@%& tﬁ*"ﬁ@'ig& pl ant can
be used across egheRsiV) Clistdth d&sidng Sor 0ilShids apElich@oryBiat Bre a@dilbleyroantimudeapl y
acconpl i shed. Lower Capital Costs Capital cost reductions in the range of

30% to 40% conpupkd O_fbe”é‘@ﬁvent i onal SAGD designs are achieve through the
fol lowing: | nh&ghal hRpoRhblvBddceRatainAnd oRLAE &3 rR1iBR{10WEr 18bokk Rse Site
(mnimal interconnecting pipelines required). 10 SUBSTI TUTE SHEET (RULE 26)
higher productivity and no large construction camp and office facilities).
« Compact design with direct module-to-module connections with pipe racks integral to
the module structure minimize the need for external pipe racks.

« Small scale eliminates the need for sulphur recovery.

Lower Operating Costs

Operating cost savings in the 5% to 10% ramge are achieved through the following:

« Process automation reduces on-site and maintenance staff while also improving
reliability and sustainability of maximum operating rates (reduce fixed cost per bbl).

« Energy efficiency through heat integration, elimination of unnecessary recycles and
selection of optimum process conditions. Efficiency exceeds conventional design by
5%.

« Onsite power generation to reduce electrical power costs. Heat recovery from power
generation produces additional steam for oil recovery (highly efficient).

« Minimal indirect costs associated with large camps, road maintenance, and separate
pad operation.

« Replace versus repair maintenance strategy at the site with offsite maintenance

contractor. Common spares for multiple facilities reduces warehouse spare costs.

Small Scale Processing Plant

Conventional SAGD plants have steadily increased in capacity in an effort to capture economy
of scale savings, but at the cost of rendering smaller pods of oil sands uneconomical. KemeX
examined plant capacity options that would be better suited to the future needs of oil sands

development.

The industry has recognized that cost savings can be achieved by drilling multiple SAGD well
pairs (typically 6-10) from a single well pad. It became evident that a plant capacity that matched

this well pad output would be an ideal solution for commercial production.

11
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WD 2012/ 100320PCT/ CA2011/ 000465 Process sinplification and streamnlining

i ncorporated into the design to reduce or elimnate redundant or
unnecessawy 2erpuiopizent . St andard equi pnent avai | abl e fr ecTrATRrIgOEI6Fendor s
utilized rather than |arge, expensive, custom designs for oil sands
applications that are available fromlimted nunber of vendors. Mdul ar
and por Thdkeondapptipdtioniddntitied /a0 as- S substim@nst & pddt want (thaywerst talymuies ret es,

hi gher prodquctivity and .no |arge construyuction_ canp.and office facilities).
Conpact P"d@ g rP%fﬁr? Hproficpding t?rﬁﬂ'g‘l’@@f%-%(ﬁ'ﬁﬁ“@" ggﬁn n@?@o‘f?g&?& WF%ipE"g‘tsr Ycks

i Nt egr abxtfetelNBighRAd R §dtlediouti€all vidbie. ZBovieher, pReekdingf toext@fimatiapsqai r acks.
Smal| scale elimnates the need for, sul phur recovery. Lower %)er,ati ng Costs
Oper at i FgIEbYithaus iampyang the Ferarepkitkds YorsssPiahlfelon Meny EMRARES: 4 AriBlighthethe

fol | ow RgicedTOGRERD RHERIRION 4 IUURGSs0ARE Wab Bn@hd BIALSNRRAR @il fo Whi l e
also inproving reliability and sustainability of maxi mum operating rates
(r educetheibeawXdeshnology. bbl). Energy efficiency through heat integration,
el imnation of unnecessary recycles and sel ection of optinmm process
conditions. Efficiency exceeds conventional design by 5% Onsite power
gener at Thesettwor epady ednfiginatiosl capobe deasti sindégeadentlp qovasr garf o plowesr
generatio r %uce additional steamfor oil recovery (highly efficient).
M ni mal "'P‘ﬂ‘érﬁ?'g lonéfﬁ%tf%y' associated with | arge canps, road nai ntenance, and
separate pad operation. Replace versus repair naintenance strategy at the
site with offsite maintenance contractor. Common spares for mnultiple
facilitiledteMaletes war ehouse spare costs. Small Scal e Processing Pl ant

Convent ipnal SA l ant § -have steadily i.nc d,.in capacity in an effort
Lo vant dFE SRR el S CaIRREt cobatiBIT PR B isL p SRRRShab TuBRuRl Por
podls doL 640IS AGIhEs11 _tpaieg QA v iﬁahcéedlée W‘cemgmdi? @rqalhantn” (hﬁjdgl(; 'wih?ch Gpichdins TL hat
Wou e ter suyite to the u e needs or, ol .sa S evel opnent e

i ndust rg»caﬁg S dryyple pads %rﬁ&’fveéfwgé-uéﬂsm@Qroea%ﬁmséja%@mr}gwa awpra&flmmewg

mul ti pl @255R6Ppy823 fdeplob sfatel MsdRlds Y24 febOVide by Padre&inig B YEH feRtabhg) ate became

evident that a plant capacity that matched this well pad output woul d be an

i deal sé&iEettodn trhpsposeshmighie thel ‘Bighdenad Cogiglor” in Alberta.

UltraLite Model

This configuration is sized for productive capacity of one to two well pairs (1,200 bpd). This is
the “exploration” model that provides the owner with a reusable/movable pilot plant that can be
incorporated into a much more comprehensive exploration program, before committing the
significant capital needed for full commercial production. The UltraLite unit is fully functional
and economically viable for commercial production on its own. Modules are sized to be

transported on most roadways using conventional tractor trailers.

Lower Environmental Impact

The modular / portable SAGD concept dramatically improves key environmental performance

parameters.

« High water recycle associated with using evaporators and package boilers allow
recycle of greater than 95% of the produced water. This translates to minimal make-
up water requirement, which is becoming a significant challenge as the oil sands
industry expands to meet demand. For the UltraLite configuration, our design

presents a pilot plant option that incorporates similar produced water recycle rates as

12
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11 SUBSTI TUTE SHEET (RULE 26) The second application identified was as a
substitute for a pilot plant that nobst conpanies are installing before

pr oceedi ngoto1¢ionszer ci al production. The capital cost fecTmA2oeti/opb@sts is
extrenely high an I e  gally viable. [ roceeding to a
conmer ci al scal%pgé‘fegjt(g%@%&t?ﬁ%g@ mrpg%g%%{'ﬁtgar?%éﬁgr%ggo\é\g%%%‘?dsarkocel?esc y%ﬁ% ceptabl e
for many conpanpreducedwstot. UDuean tHihfatt, mestuwareht pliet plasd willacaldteqhireamerde| ot
test of the resource was anqt her lication ideally suited to.t KemeX

t echnol ogy. Thel ef%wq{gﬁaggtsg}osg8ﬁ$x5&}ya3{ei ?t@ﬁ!“b‘é’%‘ﬁfﬂféﬁe if*ﬁﬂg’bendent ly
or as part of ahghdldslowpl ementation strategy. n 1 Site Mdel This
configuration is, sized fqgr, the productive capacity (7,200 bpd% of a single
wel | pad (typi c%ﬂgﬁﬁnesgn IQIRRSY GRETPS PRI resphpusseds REQdueti 2ad etfigient use
"comrerci al  progchiiaBR hydResben e, i s readily scal able as nultiple pads
are devel oped. The main processing facility fits on an approximately 125
foot by 125 foobltigstier hashaeegivatoduineeizg water, asis andioifeniissions fivmdhe SR by 100+
feet long) are iﬁéiﬁ@d to be transported within the "Hi gh Load Corridor" in
Alberta. UtraLite Mddel This configuration is sized for productive
capacity of one=t &atamemsesiohs foer ag e{appR60 atedeky thahthialf of thosehfeorti expl or at i on”
nodel that provides_ the with a reusab vahl e pil.ot .plant that can
be incorporated in ngergloﬁgl\(lz@?%?”en e ?T%?rftg?leéralgﬁh @iggiﬁ%%gp'aF’i"g}?r’ﬁg(gﬁ?eé?ﬂngbef ore
committing the si ¢o0% geeing steaapiotedesign doethof RGuifeblbwdaviEinds Rl spftaget i on.
The UtralLite uni Lrﬁei s fully functional and econom cally viable for

comerci al product®8f"EHOSt s own. Modul es are sized to be transported on
nost roadways Usi Ag HRAWAShleAMiAimiddaRloRsh drelyleBictenc)- QIR LssEMYBJvO RNt al

| npact The nodul ar / portable SAGD concept dramatically inproves key

envi ronnent al per sliRinatrROT steam yarte r i our dgsigh, sieaneyentsdiegne ihe pressw@rat ed wit h
usi ng evaporators i 95% of
t he produced wat e?ﬁ&"?ﬁ?gﬁ? ?%ﬁg %}tsgg&ﬁgﬁdm%ﬁ ﬁgﬁ%ﬁgﬁgﬂggt\?\g{’ Z’?’hﬁé%%ﬁ]rﬁgnent,
whi ch is beconi ngsteans ilgymi tbiad'dwmp eéralehserigehesedy ttheestaain is senddssed! atlistycjedex pands
to nmeet demand. Fé?&r{q%;},‘?anp&%-ﬁg‘ te configuration, our design presents a

pil ot plant option t 1ncorporates simlar produced water recycle rates
as 12 SUBSTI TUEE ShiEtohtaniRhltian 26jiniiePH2Adc}IROETHITARDi dtH Dak4 Gk and

elimination of process ponds at site. Further, secondary containment is built into
each module and tertiary containment of the main process plant will be provided
by the concrete pad on which the plant sits..

- Land disturbance for our SAGD facility is much less that other oil sands recovery
methods and is actually less than conventional oil on a per unit of production basis.
Our plant and well pad on same lease size as a conventional well pad and has
eliminated or minimized process ponds, interconnecting pipelines and roads. By
moving the majority of construction to urban centers, we have virtually eliminated the

need for massive infrastructure such as large construction camps, airports and roads.

Short Project Schedule

The modular / portable SAGD plant can reduce the overall project by one to two years. By
shifting the majority of the construction to an off-sitt module fabrication shop, the site
construction is much less and can be undertaken in parallel with the module construction without
interference. Further, once the designs are finalized, the engineering work can be reused to
immediately start procurement and fabrication of the next plant. This can take 6 months to a

year off of the schedule.
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opposed to conventional pilot plants that are being approved, but do not
recycle any produced water. Due to this fact, nost current pilot plants

wi || act msibl2girwoeazor e nore make-up wat er and di spose of Pomr@20Egbeichat er
than the comercial scale facility that will follow H gh energy
efficiency ensures m ni mal greenhouse gas production and efficient use of
avail ab [Tblsmdroocpm\fnﬂm an emwpweiescrmmref@t thervatious syssems i the modulad mpegssieg wat er ,
air and ;20 60 38LARR OMSACHERNEAS! ht laftach B Bl S g ShRBR SOBEN
evaporator dare 1ess an ha roma conv al warm | i

sof t enexketids. Gﬁs&aslynsnts eeferr&tnrotthcel(ﬁmb)ﬂ ogen pﬂi@tﬁlagprb@@%nqdameﬂ WBtadsgatent our
desi gn doqs not uire bl O\é% "R‘bg ffor it art.-up of the generators. Ar
eni ssi of&P é?f“éonﬁl( FELCHO ‘éin%é Y EFFF LFRTRYE (di scussed above) and
elimnation of steamvents. In our design, steamvents fromthe process are
routed to the evaporator system and the plant can recycle steamfromthe
boi | er stean@dﬁﬁk@@ Systeg lzétgri’cfé%ﬁbé?rum\m&Pléﬁvmt%%{éé(Pﬁ)l s condensed and
recycl ed durj duci ng
he overal | P e oL B 4 D e e o
Furt her, secon(fa@lxtyc(Bﬁ):%MSWne(mppll@tlbmm t61376t361)each nmodul e and tertiary

cont ai nnent i 0, e pad
on whi ch the pI ant iﬁ?tﬁ;écWe)E gfgl g%er a‘f‘l‘(szse1 d&FaQ/}éngg&@’ffgﬁ??ﬁ) %bpslfgntrmch

| ess that ot her(Applicatﬁ;m*rd)séraé’ém&ry nmet hods and i s act uaIIy | ess than
conventi onal ,oi)l per u roducti on basis. and mell pad
on sane |oasd) ¢ camaE BVimsiany Al rCRER SR RIS P PRRES

mnimzed procegssaronds, interconnecting pipelines and roads. By rmV| ng the
majority of construction to urban centers, we have virtually elimnated the
need for massive infrastructure such as Iarge construction canps, airports
and roaggy aBOhbt ?ﬂ'eéﬁlﬁ@eﬂfy meftRALd 6 th-Eh§ooV9ql'éﬂearpa{enp%ﬁl@mo%s SACdeRiptién Can
reduce the overal |l projéct by one to two years. By s ting the maj ority of
t he condicludes p typiqabKamefdesigi. tFer awapoussideatfrthe ahave matgmwhe migdulay degign is
constru r nmodul e
constr ugxﬁe;af(i)’tﬁo %E%Oﬁ}gg{g p!ro%? %r(%ggrégaggpg‘%&w(%ger&g@ﬁ@gn ’E% Ee)(ﬁllicf% g% gérgssewléltr1 gleftppgral i zed,

t he engiarieeri ng work can be reused to imedi ately start procurenent and
fabrication of the next plant. This can take 6 nonths to a year off of the
schedul e. 13 SUBSTI TUTE SHEET (RULE 26) This section provides an overvi ew
descri ptPirmctidmrFlmbeTz\eaﬁﬂeﬁus systems in the nodul ar processing facility. The

descriptio tten to a ached fjqures and attached
proc esstpé%‘gftb%’éﬁ ésﬂi“er ey "é%"é?ag%@%ttg fﬁESt%ng@ BOFRs? 19 Aiseneegs ed
provi si gaak (dunt, q@htshyfﬁr@@rmg)eﬂ%m mﬁpilgs&%gh@e STHN Qe@b@duamrmr@ta%i
herein by reference covering stem ilizing a Flash Drum

(Appl i c&pelehbnerosse: wgoylﬂbymw \m@é&atwaﬁ Dandhe st C@OB{%M%@%@@H
Gravity Dogl Rage (g%%ﬂs AHAGEARNEd Egéar#a &%1 €&k %Y $ram ﬁ@p RhiGA

61376301) c) A Vapour Recovery Unit { eam Assi st ed avity Dra nage
(SAGD) Sihse &m B ploplsest dro utrd sel k8 7620 8ntedyncA  Therpatdat tewmpdwratiotypiselih an

ext er nalcoﬁ%rirl@é i ISZ%[lﬁl‘&t\i/h?& 1? B{Tgntgrﬁ‘gng érg\% yI s%lr)]arghon an%[}oss o%i;%ht hydrocarbon

components to the fuel system.

Recycle streams as well as demulsifier and reverse demulsifier are combined with the produced
liquids stream upstream of the desand and free water knock-out vessels. In the Ultralite

configuration, the combined stream enters a single vessel containing a desand volume, the Free

n
Water Knock-out (FWKO), and the treater. In the 1 site configuration, the Desand vessel can be
either combined with the FWKO/Treater in a single vessel, or be a separate vessel. Conventional
designs do not provide a dedicated desand vessel upstream of the FWKO (Fig 1). Any sand

present in the production fluids drop out in the Free Water Knockout and is flushed to
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For areas not specifically nentioned in the above |isted patent
applications, the description includes a typical KeneX design. For areas
out si de obothe/mbxroe patents, the nodul ar design i s neaRCTICA28NAOMBAS S
process . ar e

B or oy P A R Y ol Rl ol Ll b SRS REo AP BERAE®, o
t he wel Iclegngdls and the first step in the process is to disengage gases
(steam light hydrocarbons) fromthe |iquid phase. The degassed production
| i qui ds are cool ed by cross exchange with boiler feed water (BFW in the

I nl et Cddkersill e aemearr bdteeimnthetDosaal ard BWMKO xédmgn:gtcy(:(ﬂ]ecti the ashmbvdnhshal | ed
and used for tr coo ggPr for t rV|ce coo|

cool ers Oé%ateou'fl € 8?‘\95 ]alaoventglsn\fvgﬁahg@v atef FEPATHA R ‘Tse?f'ﬁ‘é"r ﬁ’t E‘F{E tP%

typi cal Ioesmrunﬂmwleo sattiohg @ndl Rater isvdrhe fiofm AP bbKBMLT the TOVEDI foytichedFarat i on
and | oss of ght hydr ocar bon cogponents tg the fuel system Recycle
streans VS?‘?'WB' it gad theremainmg aratey frpm thedrWKOgseptinnsspal] eyer arsscndmsiniedhen t h

the produ&es phittioftheSlebRRPratRadd SR @hwh REmARS AAK @At Tre8ier xx@tc%bllﬁg@ck out
vessels. In the Utralite configuration, the conbined streamenters

singl e wadBey tedaPrdisadgVatciieiingfbiame, the Free n Water Knock- out
(FWKO, and the treater. In the 1 site configuration, the Desand vessel can
be either conbined with the FWKQO Treater in a single vessel, or be a

separ at én g egentiondodesignt thowaler drews finm thoF WO prdale Teatar ate doobinetlardaband

| t £ dibe; FYKO (Fi d in th
T ds ARE SRR kol omtabh dor'ds cxelibed B r S W61 et e Ture
SHEET ( RudgBer?)it is\4 SAHID(11003POPCHAIGAALAS H0H) GRte Qe FOMTthededi@ant . | n

our desi 8n, and.is.collected in a 3esand Section and peri odically cleaned.
Ther e wigPt> Y& SBECifispiion; &% REEAT Kidpiadary oBrBcaspk s eIt SPGHISAtRn atisalit= t he

sand w 5% Retediat fh%kpernsé ot watéramelity Ikl Gls vRskeROHEGedultii§ tABHhE larfd VAR er
separatign takes place in both the Desand and FWKO sections and water is

drawn f b ﬁ#e%fh@atsb%tteé% fepqm flﬁ@ W@%@P?Sl ptaginatadavithoth small Pirtypstneam fwm he
remai ni I V. e

Tr ot or oG, IRl R b R A Rl dain. B L podRa % ek e inlel L1

Tr eat er casuge thetrbnlyien-spedd waieo wir¢amst dre rW@hﬁEmW‘MTQm PocShihg ngd Sﬁﬁemchmg In a

conventi he. FWKO and t.he Tr

combi neé&)&ﬁ1 qﬁ& %%?teﬁﬁ Pr(Brtnr eaﬁﬁrolc%!é g\o% egé%lr rslépﬁra(t:eotﬁ??gjﬁe%é)f dl(.s)?o @ ﬁgzgs and
sent f oxudlily bhentet fromt boeinthe (FWEO4nd the Sepaentsl nlonitorddsvih be-liaeahdlyAeds; 3% of t he
total produced S amfromthe treaters that oes of f

speci fi 83‘?’ gﬁ‘ a‘g’%‘o %Qag{yoﬁssaciegf?éﬁtade fhsciieans M afltoﬁﬁrof??ém& theraality eht i on
(t ypi camlaser fofh fﬁ%l\/\ﬂﬁe%)ls ArlactdpRbRX PENSR RhcdsBhBIE s@iék b Watkr @ iveRESinkessel .
The resultlt#s that the large volunme of clean water streamfromthe FWO

becones & SNERRT HAte dYHF® Ffo‘i Fleansi | leaviier the remaiadgm of (s twaserdieated to thehi ch
MYy NOt nbghafdatet Mednl§AlyGEmgdownst ream In the proposed design, the intent is
to ensure that only on-spec water streans are routed for downstream
processi ng and of fending streans are segregated fromthe process and sent
for sep E ts T, i t ter. fro both
the PYKS ananR SR e lo AhaROaR rbdhstlens VR SR ety nehBlyihed i

t he wat exduepdafauliyg i(Bnprewdptelithibty arfer tﬂwedwnrseam; erqu»pmémf orin parddmaﬁ,s earty. | f

t he qua f ther stre mls un cetab
unaccep%iéat%%ﬁoﬂ apé!‘@%%%%P&P n{ gff sPec w%%revy Iamlrﬂltzg Valyrpesd tggcneﬁé‘%/ gy@F am f or
cl ean- upﬁat¢cbta\dlspgsetlIoéoffswaandcbonseqﬁermhleaﬂeamhﬂhalcéurpaeatta()i to the normal water

cl ean-up systens. Maintaining on-spec feed to downstreamtreating systens
Wil result in better performance and reduced fouling (inproved

rel i abi In ayc)>n\feoﬁoﬁahﬁmrrsaafeeales@qwhwmmon lapera@glbauw&ne&@ra{ YheGiglepadd on and
segregagl on ec ter njm ze the volunmes that need to be

furt her "FVEHY %‘a 0813" alsh H“r8f4\§“6? g H%”é‘tx g bewrrer Hiabat 2 BvreioHdthaesandian
make- uppwainalel phdsd. 1@ cGREM PlintsOMA enktM&K Jif €& BYerd @ﬁl‘l %umﬂﬁteeef{‘t'ﬁeslhfgﬁaé ayer

typically collects at the interface between the oil and water (Figure 4) as
i ts denW$ittlyopemfipns wanuale initigey aghrawy oédh@d diiom pﬁbb@owtue antglfﬁce Ioveed.€Fhephase.

I'n curr gRbosl 88ish has Rbtina 0N S in0H d?irng sgﬁl@n AR - acc ulan@r? grﬁ% %nta e

interface until operations manua Itrates rom7 ust
bel ow the interface | evel. The proposed desi gn has conti nuousl y nonitoring
system for this accumul ati on and a constant snall
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15 SUBSTI TUTE SHEET (RULE 26) WD 2012/ 100320PCT/ CA2011/ 000465 vol une dr aw
fromjust below the oil / water interface to prevent accunul ation of a rag
| ayer (Fiwonre12soeszd Figure 10). Monitoring for buildup eCTaazeg/dossser wil |
be acco f r f nti al
taps al %gdﬁgggrfgdn‘i‘%%sﬁg tﬁieﬂ/ lhtg Tclf)é% va&ecﬁ(é%lg?@éﬁt (?oaﬁtsa%ll%};e?

di f f er er{Figate JndFagwret0)f r om t hese taps vm || be inpacted by the density of
the fluid between the taps. This series of differential pressures will be
automatically analyzed to infer both the |ocation and the quality of the

i nt er f addonitviag fdsrektm!émoit fengdayer avilll baat@mplished|vsinp al setieyr dfaceaicatpulighed how a

sharp change i on a in e dif ent | ressure ransmtter and

rel ativel %Brfgﬁf%{ﬁ'f 'aijtt%’ls 8I59‘J§r %fgécﬁé 3@6 E% aigﬂgfrﬁag Te 88’89@‘0553?\(1“ bel ow
this pOId‘lltfererAﬁll bnfeesufeag“rdnay}ﬁﬁe aps:wnub@tr@@ctea Ibgrige Wénsity bEthe tu:ﬁcadaabexﬁmeft in
the differen |aI pressbjres fromthat of the clean oil to that_of the clean

wat er pH&¥e. THe sgrenvehntiligeatishrariich Yol by auematisgly anaéyzeéﬁ?.lhﬁ%agt sthal |

f I ow Wi l1bcafign Wid delg@ne, &&9%%& g bEWEEN @B diI ARG RbRF. ASQEd lgt@ﬁfadetkﬁéul@el ow
the controlled interface |evels. This streamis cooled and sent to th

of f - specsheV et shany chapge dm ctsnsntzsoa@t é %rpg@dg’éqren@@bp@ge@re ragsijtdr pingd rpla@mjzz:t
stream fyr or ppi ng
The PGt BETLEAE Blessufs 3RRIeH0RRR S o HBIOLHE p3ho” ROMRY Bl PP
pr oduc edicowudates, thera willdse gmﬁualsirtfelquherchﬁerbntraﬂ pessups doesthatng theocleapmilte  t r ace
guant i t:Nﬁzﬁ ﬁIhc feee 0|I and is achieved in an I nduced Gas Floatation Unit
(1G), §°8 {%l}iufust above atnospheric pressure. The |G- feed
requires cooling to prevent flashing and boiling in the IGF The

conventi.onal SAGD\E'El ant eS|&g||r2}s i ncor por at eﬁgaell nd t gt exchangers
to cool tHECYPHGURYANRN A rag e, ¢ cptiBuqua empthfley wi P%mj ran HHbs i ¢

Ski m TardWRe aad fTirdaedr s&iblts @it beloW MY 8bntl18Pintctface fel &1 Ths dedn$f &blewaher from
the Skim Tank to the |G- (Fig 6). The conventional produced water
exchangefd thEgeinipes senting Systemuer veasterdispesal #o12ehg service with the exchangers
requiring cleaning on as frequent as weekly. Further, if the exchangers

fail to cool the produced water below its saturation point, the hot water

f | ashes Tihg Dilhé pSidush sTtaatk fipmttheréatdr liscooled shdhsentite perduict storagerend shipghgase or in
extrene events damagi ng the tank. To provide a safety margin, the water is
typically cooled well belowits boiling point to around 80-90 deg C. The
Skim TarﬂheiBNﬁDgonhmsys&eda@hEva thelbulkcdil eatep edpatatiéo Btep’.affﬂequsdlfce&)&@ieﬁ
streans r entering the Skim Tank.fr the FMKO Treater is
of t on cI1Eh et AR ey BB IR tH SRR AR AL PPk ip Sed G, 16
SUBSTI TUH & fdbdell GaRBldatatibn UniQGI) 1wihidiDR33eHed [usOefdid ARG RHC pREsuR!, JROSed

design ut.il | zes g flash drumto cool the produced water rather than an
exchanggp (esdfgaarey yoolmg ta pepypitifipshing apg E%‘Eﬂﬁ & the IGF Hhet qopvessipeal SAGD
at NS pheyldn€ desidh§ iMdiRFatd Llﬁﬁ Qﬁ@ tub\é‘h@sﬂ e&ﬂﬁméérgw (Q)oﬂh'é %%Huk&ﬁ%ﬁt@tg tHel ??Jté: as h

drum cool ed to just below the boiling polnt he vapours fromt
flash dribmwgiaithiongh an ﬁmgmhyrlgslemﬁanhasaﬁoﬁ&skkscebremnval stgb,yand Ifinathctianstyer vm t h
the condeng ety hayik T&n‘k‘t@'tl{%QG'i?laﬁl .qltﬂe%gn\tehﬁma r%fi&éeggnﬂgg )%'crf[l]an -Iépsl hsavsyst em
easily controls coo nper at ufe’a roxi ma B e At &l ni ng
flash pressu tebezan eatrexbe fmﬂmgtmspheh ihe eacidmgwrs; h:qunhng hleaxdmg)enaheﬁmeerm as a

functio oI| 13 eI m nat.e n
oper at i %egﬁ ?lkll}%gr R cﬁ"r{\;slsttﬁlzw °|°EL| F%‘a‘?‘ﬁt Sti k’ F%?Z\(ﬁ'ﬁ?t&mvaomt Be
hot t er \blot whter fashet inethe Skm atk @rnaighjy &fufsmg iaf mﬁMr(ﬁhﬂﬁnﬁvaldaﬁd orCi@Sktreme

er spect Furt he t stemelimnates direct cooling of the produced
\R/at elro \M?: t\éﬁ %ag#‘gf”&}f‘é ﬁ’@gt]sot ?'é‘ﬁ‘g? 8rsat]§ﬁ|¥r”f“5§‘85t eﬁ?&’r c!ﬁJ'tW‘CFI.L)} ‘t‘oi%gﬁs“f’eé]rtfegg"’ f rgm

coolingia bf)mug poigt toiatpundl 80-90 @8S€ M ekt TaINE QRS itikd uSdeAM W EBn hint for
non-foulin The use of a flash drumin a SAGD process is covered in KemeX

Uni ted $PHRUSICBFTEIBhach B HisWatgntesing thsmkiy. Plagh Spethe Wi Tsenes i
change ioRed f16ankf MROMHE hafte TaGiflg tie Sk TR MHaBl 9 tefigEhe Skim Tank, with our
produced water flow ng directFy fromthe Fl asﬁ Drumto the | GF. This
ensures the quality of water fromthe Flash drumis the quality of water
entering the 1G-, and allows a higher feed tenperature entering the |G-
whi ch should inprove its ability to separate oil and water. The | GF outl et
stream contains a | ow concentration of oil and suspended solids. The water
streamis sent to the Water Treatnment system
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Water Treatment In our process, Mechani cal Vapour Conpression (MWCQ)

Evaporators are utilized, which can be the patented desi gn devel oped by

KeneX or wbase/werbgns avail abl e on the market. The WAt ecTAraatimeoMes Syst em

i s desi r A f t [N ' ' and
- irSSRhyY 6 exlhddp

pr oduceg[%gg’fcgs'i%?{al %%%ﬁg‘%‘gzr“g‘ﬁgd ugﬁ&no?) %ﬁ?@@?ﬁgd%éa}% l?{yét 0 %e Sseg[ll égs feed

t o a corigntei HnBY dpppingdie reisherto slifalygdebw amesgicandbe vaev Spsbesatvoth tHesi gn

have been covered under e . KeneX, Unite t ates Provi.s al _Pat ent

Aot i oat RS featiRe Hs Aob e Berates BagS e of BalbE O BL A err Tie GROSE ¢ i s
syst em ifeonf tHéefids ndra@ | (WHaghoid rmEstippteass,i Breoaddvicdd mvagdical exchangst efithviee Sus
the alternate hot |ine softene sand _filter weak acid cation (WAC

exc hangecog‘%§‘feél quiqs JRES E{V%g%"r“i“t 65?@ ?hef g@h ‘{Mf"e.i‘h‘? RO F‘ﬁﬂi’ ﬁ%“tg\?%\bot(ﬁ)y‘\g% or
sunp anderhSerdtfre al 4 Al FhintdiihEf2@) presiae bel heric and
50121 100330RCT AL B00468 1 reulated © hrough (e, Lube 51 g6 Bf & Tal i ng

fi | m heatithewicthe depepdenge ety funcliiring glicobroqling sywener This plimigigp Bredieed fopan
conpres i : T3 nds it
fo The SherREFGRREmA NE cPRARRY LGy# 3eehE ERRE Rial o b o R 2 et

bet ween ftdneaw apasgy effidiencit and eapital qost prospdesivee Hurtbery dyopystem eliraingtaedirecti de to
distill t l, | .0 t i i | ation on
the. t ubdoe T RS SERREALAS RS benRbb MlRes; e ) Bl b

di sti | | abelitganfeulingiquel tb kesentiadly icbddat@ng seapuwiiell istrontfthdingownst r eam
consuners. I n our design, produced water is transferred fromthe I GF outl et
to the evaporator via a set of punps. Various chem cals are added to the
evapor atfe vseof aVikie drunf-@e8l SARIIE brdcSssiis o @edCRdK énid30 Unkied Byt ®ra@fifibnas unp
and concentrated brine js removed fromthe sunp for additional treatnment or
of f si t e FdieapoRRlicatiannon@l 33| at i on Punps circul ate brine fromthe
Evaporator sunp to the top of the tube side of the Evaporator falling film
heat exchanger bundle. Brine flows through the tube side of the Evaporator
exchangéhezscandf giangenip hicl propvsed desigrns irathe ehimdnation aaft the Sking Tenkpwithtoad.

St eam t %du‘é‘é’d%%(}%sﬂ&&ingo%eayﬂé\mﬁ%faﬁhﬂhﬁﬁ?&ﬁﬁ%ﬁ s NG R R 3[18&%‘8?“ ed to
t he Evaporator Vapour npr €ssor Ich i ncreases the tenpérature and
pr essur evatef Heone drepleshsdrdmss denquabtydensas atering ¢hes K&, land ialewo#é higher feed

Evapor at or exchanger iLch causes.a sim.]ar..volume of water to be

vapor i zet%{n?elr%'ilﬁeteﬁ g ‘ih\SMS‘FgWng S@‘?‘?%‘é"p%vet'{ﬁ@["thébtg S%‘?a&age 8%’1@%ateerxchanger. The
condensed steam (distillate) fromthe shell side of the Evaporator

exchang is.drained by gravity to the D stillate Tank. The. throughput of

t he Evaﬁrélfea}?%wl\aﬁgbatmamo&@w%%g W gercepprtipeftaieandhaispmnded selidst The apter
producediredmh Hlsbhth@ihe WaterSRBimbAiQBdde Distillate Tank to the HP BFW Punps
by the Distillate Product Punps. The present invention provides evaporator
wi th several variants of heat exchangers arrangenents. The first enbodi nent
i ncl udesyap BYaResAtor with a single heat exchanger Figure 23A. The second
enbodi mént i ncludes an evaporator with two heat exchangers Figure 23. In

t he secdndureprbesds, Maehanicah¥ppova Compesssiom(MYEY Evapoemtire ate witictdamehsache be

used. T ted in | | wi le receiving the
T o fsd SR RaE R et BRER s H BB R dheindfs can be
connected in-line, while the discharge of the first sunp is transferred
into the,s of. the second.heat exchanger, reby the concentratjon of

t he inpﬁfthle%gr fFWa‘P}%‘ Yfg%‘}lso?eséggﬁ%%’dprﬁgﬁf aeém SFreqiR iCAYAIRINg HEsSOWEtpar ed

to the colitsesdr plot@e 4 @istihel fiates tprétiiat oL xefficiB@CHualityn tdd Bt hused hamg@aneni s, two

heat exchanger S caE wobr siul t aneousldy or 18 .
convehtional package boiler. Changes to a standard evaporator design have been covered under

the KemeX United States Provisional Patent Applications no 61376301 and 61436723).

The proposed configuration of this system is a Mechanical Vapour Compression (MVC)
Evaporator system versus the alternate hot lime softener / sand filter / weak acid cation (WAC)

exchange system. In MVC Evaporators, feed water flows to the evaporator sump and is re-
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SUBSTI TUTE SHEET (RULE 26) WD 2012/ 100320PCT/ CA2011/ 000465 separately
whi |l e the second heat exchanger can be used as a replacenent during shut
down and weiznt2¢meszee procedures of the first heat exchamrgercA2th@oprssposed
evapor at.peyides il itd @bs sifié 81" ifnSERNAAE SxHERIeRN Al k1B UTARIR A A

ways. The first way, covered under the KenmeX United States Provisional

Pat ent Aglbeyapataicor prnBI8Tro8G¢asey the pigesuppand dempstatiyie ofihe yapiand sdnds it to
concent gat Il Pate j I ' i pst Brine
ol o oyl e the dubg Bl RN CARE, HLASDmes Serk B RESMBr BAMMEE DN
provi descta toremudense thecapor @i the sigelk dide tordistided pacemd avapaates Homell porfiohet ause

the fee ter .to t.he e rat o nt ai ns .snaj, | unts of. ail. the oil
w1 ac s st febon of EEREE P R Be0 roPe LIRET WP s SpgrasieRi e 1
causi ng disdBate gk avtdleftioedistiigtel inpirygedey apdoahreamconsiars. cases a manual oi |
skimnozzle is provided just below the expected liquid level, but this wll
requi re manual operator intervention and unless sunp level is tightly

cont r ol Iedud dksien 2RONRed RAted i MMRESH FronOtht 1GF GUdt 1RO apbrhior PRGUWer o e
proposed design includes an overflow weir into a brine disposal sunp, which
woul d b&UBEBH e demirpls @repdded todhapraperaer feed matepeFeedwiatar is intrpdpged Bt/ - not ch
S0 t hat yhe  B5hidr SHAP HALRLnBHIR bHRY Rl refifbd TRNE 1R QTR ‘f@rrddﬁﬂﬁﬁal“i'}eﬁt?f%m.
fl ooding or starving the brine di sposaf sunp. Wth tﬁe brine overflow ng
into therefistedispesalsi || carry with it any separated oil before it can
accunmul ate in the sunp. The brine blowdown with the oil will be taken off
the brine disposal sunp via a dedicated set of blowdown punps for further

t r eat meBrine Cirdulsiosuimpstdandete btihe froinl tharEVvdpotaeor sernp wethe aopt afithd fubakidy ofind

cont i nugus t hu i ni.m zing the foam.ng _and foul ing of the evaparator.
The secgﬁdﬁ{apgﬁg)é,sfa@% g%ﬁ\?@‘?@iﬁnﬂﬁﬁre ““[dP’Fe Brg “ﬁnt}"iogﬁh §1€a‘e4§% sidp (5&‘ S onal
Pat ent Apgiorat@texcianpé a6 4 SMBFOAIm WikY©h Mgl ks flaeidniObvapbratede evaporator. The
main difference here is the proposed design will neasure the cal cium
hardness and silica concentration in the feed, calculate the saturation
llevel s isiamfiRat SVdTPos iRTHE eRCHaHS i di@n Pl s RFardRGuEPeShd Bvagdgdd on to
ensure the proper operation of the evaporator w thout calcium hardness or
silica preirSiomprdsss, Whipleingispsee hieitesmneratife sidypressuret bheseomprdseedrsigeing of f eed
rate to 4 ' . ness
Concent FPRENRE SR ST E T Abo R GERE, MARh B O AR SR e

cont r ol ekt vaporimddifiog thociakitiey brige dnahgbe gillt offtheveschanget. ke cawkbnsedj ective i s

to contrg . hch is stgnificantly different than the pH of the
f eedwat &F i%&éé&{l%%?ﬁggme%gFIQ?)f)tsth E?%Ofa&f eﬁg’[aégerfsr ﬁ’flfcﬂl@' %?Y‘E’éo d can vary
Wi t h changiélsteTank. Tae dyrolghput@f the@vagoritbay appr Cprebeddtdriehel Tetamob@iorup t he
control 5%1 tem gas g?.oq the worst case.inlet conditions, wth no

adj ust néfsplatg gro %Fteg iffillate 13 squg frpm the Distillate Tank te thednBF W Rytwps brhies resul ts

i n hi gheistinhewesot: Fuaipes (hi gher disposal costs, higher water nake-up
rates), and higher caustic usage (and subsequent acid usage during
subsequent treatnent) than necessary. 19 SUBSTI TUTE SHEET (RULE 26) The
third chan0&edesit tiRGentSE H Mat ank. LLer ter
Tank. In t h@reconvlentni onaﬁ%‘éle%?gér??mv\%tsﬁﬁwggi S%g"’?oqtg ﬂég&(ejv(?g(})]%@t SrC%g lﬁ%\/\}%

t hr oughamrdngependsl e dirsnambedimantk ingludesvaateaaporatenivithya single beat prohatger Figumnws

t hr ough e i : igure.l).  |In both cases intent is
to pr oviz%g' gﬁéﬁ%&ﬁdseﬁﬁ gglm\cég{plgélf‘ge%qg ﬁgﬁogﬁoﬁv 'é)tgf)\&‘ 4F ’écr‘}n‘gggelrszﬁg'lﬁr&t# 'glﬂtﬂberi ng or
| eavi ngsached antdonant, dhercare seveotl wapsthie heat exchangesdambeuseange i n t he

evapor at or operation. However, since both tanks are atnospheric tanks, it
al so neans the water entering and | eaving the evaporator nust be cool ed

bel ow t fiwohedtlekchgngeos cun befcomated it garlles wile rdcbi®ingakiceliquitD£sM 'the sfah\@%ﬁ'm%).n t he

t anks caysi n hen npust i di atel y be.reheated when w f hdrawn from
ei thor - RRANSR e bl S aer BB P RS oA TadS R Eobimphe
produceR taabRired iddntch@intpWOhe steomatiRhiSexchaigerl Atereb9 tROCoREARTiod f @Rt eri ng
t he Produced Water Tank and then imedi ately reheated to 100C for

i nt r odut®RYGHES I thewmps ofsecppieheabeichanger bainghighss cempared @ithe taucengration int he

Boi | er {heepnatar hreat i Joer ' . ' over
100C to 80C p%?g?&?ggb e nlglebr%?lngfétn %ég'l' ét"gshE’Lfﬁ%@%{"ﬁgércg'lggjé’?‘gsdg‘%ﬁnglr"%?’é“
introduction into the boiler (Figure 11). This practice requires additional
exchangers, unnecessarily |oads up the cooling glycol systemand creates
poi nts that can accunulate oil in a water system |In the proposed design,

t he Produced Water Tank and Boiler Fesd Water Tanks are used as avail able
inventory to be accessed onlt%Jéj\#ri rllgrugset conditions. The general

phil osophy will be to opera THUTg WEETV@‘H'GE?G) n the Produced Vater
Tank and a high level in the Boiler Feed Water Tank. However, in the case

Ly e e . ey b o



There are no ORFs In the proposed design (Figure 2 and 3). The rationale
for elimnating themare: 1. Better control and nonitoring of water quality
from t he WoKR@2/1DoRaters and | G-. 2. The continuous oil fkirmaA2oamoodse

evapor a j i LI ] A i

cvapor at g PAg YhAgetedngf SOLEEATGRL: Bl EAMEAR B Buk Bt nd
excur si emntemdceapecétiugs ofithieive heasteschanger.ch results in high cost and
excessive recycling of water., 4. Backwashing bitumen fromthe ORF nedia
with water is very inefficient and in gross excursions, the bed becones

pl ugged TaB@ropusl ebghoediarnidsign @iffers frdin theRiMlat desdgemrosi ARMmenfal (vh@. TRYeENti on
the nobi] e nodul ar system al so_has the foll ow ng equi pnment: A vapour

r ecover iy MY eswergehupder dre KemeaPnided Statpg ?@V‘SQ“Hg)é‘Wt Opplicalenonep A3 76 1 i ty.
The proGems iR Hiblivife YA HE icofleREHQT britRY e COIR eRtfdnhl Gesleh! £Lips@iih
passive inlet and one outlet. The active inlet being suppli"ed wth natural
gas to piosyihgBrineeCigaration Rumpafis deananefT.t This punimizes tthee eqjipeand requirbd aphssi ve
0l et Dtdities QRGH! Hohdofind Tk bHACC ke BIOE HANRRAUES Al UM RECHATEADKS and
| ow pressure equl pnent. An & outl et suppl yi ng fuef*to'a system al ong

wi t h t hevapatatoralonigms smatemeunis bheil, rtiv eifrevill a@hmulae atabatoplof gieswithr iautgh t he

ej ector creates a vacuturﬂ so as to dr aWBA?e .vapo\ﬁgff from tgﬁ/ t anks and | ow
pressur & BYHPBrEAP SRPHIPhEuse fpaming 4pd (RS 10, Be GVaPRATF- oW FEsEEFE f uel
syst em mahedl &ilnskir éo¥A0 isestovidgd HisSbalswe théxpesled ligsl ead!, dut B Wil fligased to
t he atnosphere. The use of this equipnent is fully disclosed in provisional
US Pat e AN APFRYY IHAVEtPnawddiniess sy dvpbisaiebtly anteqlisd jyst ehever baskim A

wat er r @eAVELY aBhRREISn GIMBESITHY pRopbb@esiN HAludas §d MR Wak &anéeer and
the final water treating equi pnment, wherein the hot water produced Is

i nt r odudisgosahsump, thigh werd e @dfedatack tird ey evaporate. The weisovildndlidpud 8- and a
vapour ; J: e 0 I ondenser, the
condensad i aaraang Ak Syt R A ah ol St WAEE MLBELARRAR o "V
m xt ur e steniimgthe bamsdisposdduinpt With hiee Hrinealvenflatverg it (BURETH, TWWIH cSii-Tth (RULE
26) WO_2012/ 10Q320PCT/ 011/ 000465 treati unit in which the inpurities
are rendved rro Oﬁ%é%&?zn ?fﬁlém‘(taﬁtg LRCE ﬂ&%w#@ﬁwwt&dﬁ% ¢l PHEDG est  of
t he pr ocakes offithetboina Uispespiripsyid ftddicated setSif Bloa@ewn pliRps e fithed tRlafm&@@bi prrent
is fully. di slc:kgsed in ,}Jni,# d St at&s Pr ovi si Oﬂ$| Appl 1 cation 61376300 and

i ncor por 5Pl fhisnes thengil Wilt B¢ aqreqyed autoratically 3nd icontingpyshn tysgpiainizing the SAGD,
the progR&AnCHITOUIMRYRRVAGARG ator, an oil skimweir and a set of
controllers. The evaporator having a bottomw th a sunp provided at the
bottom t hereof and including an oil skiming weir dividing the sunp into a
mai n su 1 Wl I ] fl ows
ver o B R e e PRl ol AE R

oper at i ng 6hBIH30 1, tilmo sy dporoatrolr ofrthe evapbmpr viEtteanaif diffar¢rive hpre o e prapoded

di schar gj.k Lstilled water froma distillate tank and, di.scharging waste
bri ne frgé)s?#]t ﬁgﬁh\e%s\}\’%o% cfﬁc%r} h?ﬁ]gesgfgﬁ§H°3I°§B°eﬂg%}loﬁgmath%éete%ofalg%grﬂ&ﬂ lers

i ncl udi sayuratiordiesd!s id e suapedndf ddust tetRswdwavindatle aiustih eddiisicliamaae e
evaporat or, a bl owdo flow nmeter measuring the flow fromthe main sunmp to
the bl oREBHN CRGHIEN Shdhea CYAPRIAET (Withqut algiunt diardugsscon sHlich Preciitation. i Bhepet ween
the di stédvemibnudesien fd 19\Wetandlrahb @RS iood%mnarafeq%}fbllesfolfQéﬁﬁc@rgfhlgig@l clnﬂ]' The

cycle cal cul ator, provides a set point to the total ow contro us

the f1 ot GFSUIGE Yaagngss coResnFAien cipaiher edrateiodadenendentiy s Fspdwaipemdl bn t he
| evel OforidGed bylatidthe (B abhiSyPlaFkeBMIP HoWal s, 8 Yeal bEEtRPH Rld Qt'?qll(?lfne e
evaporator functions in a contalned closed [oop environment. The use of
thi s eqBilpwlirh is sigrifiqanty diflstonbthar therpHUpf the fredwaterodicPp o rsinovlof dpppillédcat i on
6137430} alePf&h W@'fn%(h@&fne\’ar& D¥h Elf‘atmgésq@ fife-cycles of concentration. The practice is to
set up the control system based on the worst case inlet conditions, with no adjustments to
setpoints to reflect actual inlet conditions. This results in higher blowdown rates (higher disposal
costs, higher water make-up rates), and higher caustic usage (and subsequent acid usage during

subsequent treatment) than necessary.

19
SUBSTITUTE SHEET (RULE 26)



A steam generati on and power generation process. Simlar to the Evaporator
Package, the Steam CGeneration System consists of conventional boiler

t echnol ogyoporedweizng 100% qual ity steam which has recerCincAabaviedst o gai n
acceptance in the SAG industry. The high quality distillate fromthe
evaporator has allowed this shift, whereas conventional SAGD pl ants enpl oy
once t hrldaghirdtiwape ietheust of the WinddubedaWater iTank eafl Boilar Hsedri¥aterikankf In7tbe 80%
qual ity erce of the boi.le eed that 4 aporized) .. Di.still-ate fromthe
dvapor SRS, oBlan, WichBing oy EftaliRbkl PR EBbu itk PiR ab Pl o
Pr oduct waerpayinghiendvapdratof fhosysrarougic the BofdarEeed Wapee MasinFiguantl). ekt edsészi ng

am ne) e. added. The hi gh pressure s transfer. the Boi.ler Feed ter

£ hr ough BHGHRE Hotde debbalErapis it g AP on IR TR SN Gt HeS t he

I nl et Coohmkfior dRSHEr RGdEEe ArSinirR&pME tiRflgd oM tehgpopdierdsteiation Howdves sindd t hen
to the Package Boiler. The Boi|er produces superheated steam The Boiler

bl ovdowrPOlstadsre snaspeTieratkel aISARERS e FNETISPISAE AN H8V DR QR BEOPR er

De- O | i ngsByS E&IRA BESY Hel Blidg ot T WS eflufeeRe Wik ADRHN 1S i MRK @4HRs Wat er
requi red. There are other fundanmental differences between the proposed

desi gn &Awingorndeihen owal ingpgdintele die gpheatpd avifen rwithdrawn fremseitbemiapk.ereduced

Conventi It j e i

6. 000- 12" D0 ohe e Bl uETw Bl B GRFNERRRuLA PASINGELTEIAD ) Pebii fom o ca
regi on dp&iCatoe8€ mior ésenteong thorRrsduced WitergPdnk add QBGr Byrb@iatéPachebtae thi gh
st eam pr re . at.ionalj zed tq deliver steamto distan ad .sone
poi nt i nl%§ o;?g fcfru'f’ﬁ? u.&’gi/ a 6}(L,eafvf“ﬁ’bq e SERES Y %VﬁPoréﬁoﬁseg?’ba{l%gorv@FIaéo,lféf he

pr oposedecleit ?P_TMntru:itéd ibzieeﬁsﬁaahda&rl i ds Robled rroat g&gs uwas})qm? 20®OREYior Thi s s
nmore energy efficient and the | ower pressure reduces boiler and piping
Costs. " SEbRG e i i FoEmsS igh toritip prisa et Gactn: Gisvet b Thi ch

SONE St eANEORYRIRG AgitdHA dxBhaR8as, UndeeSariBSlohds pStht IBHHROFILEA shRerRfld | Nt O
the well. The proposed desi gn superheats the steam The heat |osses in the
st eam i fTeRIFE POIREARAS 63N g YBHate Gl itha WileT $ysieBirpves t he superheat rather than
condensi ng the steam and hence the full production of steamis provided to
the well. The steamis superheated in the boiler and then desuperheated,

whi ch provliedpropeshé desagmldhd Proguted Watat Tank ariveBaifen Uised dYatglifrakh et usedqui r ed

to prevept. j Il ransfer to the | head., The thir hange

is the ggés'}ag%%aj‘%g% sig%%faggﬁsé:g%rn b’a‘ﬁ’é‘g u@f{scceggpgﬁgc SRR éﬁvgléﬁe during

ISD t a:’jt - Upo operatt aﬂtfibﬂo@ﬁmre&to?o? t(mFPx@ldtio:Eﬂ 8’}’atex{1duhk ragd Bthfglﬁ?.éveﬂ)p?haBbﬂelﬁiFeédle
roduce oler is us 0 €00 e produced gas fromthe wells

D oducedviBeHERT FBiuey et B et eEBvston B SHTAE B P gHea T Hothe

Desand Vessged BN Pro@atE WatdrTRank @5 BEWIGvduldl e &thaiatn' ok ek Beild Red

Produceq Water Flash Drum for treatnment in Produced Water Deoili ng{jia The

non- cond¥HERIANK tqaliavs production t cangnyqafopn Raves whilel trxingstogesiere heoystEm teple  Fuel
Gas Syst&rvicdJsi ng the Produced Gas Cool er as a steam dunp condenser is a
tenporary operati ng node where there is not production comng fromthe
wells, but the boiler is operating with none or only part of the steam

being r e X (o mis recycled b
Pout g W Rrnbdb 1! h prodilRon Vel o8 Wl rRERSHCS LR AT Ricpfigpéf ' ° B
r ecycl ededigichastQol ReneovBFAItdra QR RI3cafidBEE the/TEF StdBkeTore Ridbkat@GdeatinfBystem,

2012/ 10Q32BCTACAZOR 1090408 Jhis: BPAR,BERY 55 11l hew 19 2dvapt ages:
provide final trim oil removal prior to routing to the water treating system. The system is
required as the current water treating designs are not equipped to handle above 30 ppm free oil.

The ORF’s consists of 2x100% or 3 x50% units, generally filled with walnut/pecan shells, with
each unit cleaned by backwashing with clean or filtered water every 24 hours, with backwash
stream recycle back to the FWKO. While the total volume of water required for backwash is not
excessive (less than 5% of total feed water), the instantaneous flow of backwash required is

roughly equal to the design flow of the unit. Hence, in order to minimize the impact of the
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By using the Dunp Condenser node, the boiler can be operated snoothly from
0-100% of capacity. On initial plant start-up, the boiler needs to operate
bel ow m nvoum¥iooxof or an extended period. In a convent ipomaiA20agioges t hi s
require i <at - Ry Bl SAGE d, and
correspgbr?gl?ﬁdgil?ghggﬁi tgflag glaaﬁ%gg_n&%a&g{%g@l{ig ?’éql%??gd. Tﬁfg‘% geggg?) %fgggure
during duaekwashpecyole god eddifionahaqtngfs arataggiredotodevel enisthe twater Bloivs ghronghntherum
fire rahﬁi even if this is not the optiml start-up sequence. Wth the

pr opose c}ési gn, any excess steamup to mnimumfire of the boiler will be
condensed and the water recovered for reuse. Not only does this save water,

oper abi | T 45 ¢ RRFSAF o 2o SEHEFRS (ible Aapd Bha sl at FfnbiFedbem

venting asdd water | oss. Wien the plant is not processing production fluids
and heat is not being recovered fromthe process, the Dunp Condenser wl|
use steamto maintain the hot glycol supply tenperature to prevent freezing
in processifng i t : trv r of the

Pl ant .t he Do B e A o P ot

needi ng to 2rilhetdontiBons @il skBochion ethe lreaporaempiosides ndeighee dokrmice day il ed
back to the BE . 1. Boi be operated in this node indefinitely
and can be quic%gré&%?%nulgﬁl%ec&g@%gtlont?gd'norrral service. Three-way val ves are
used to |ind UphetORYsfpodde dttnapidityubdirder dhexduesidiyrapd Genkligh si@dintérnanéd)e

di fferent operatin des.. Vapour Recovery Systfens |n a conventional

pl ant, the Vaﬁ”gﬁ‘fh rg?é‘i{g{}@}‘? %Vgﬁnérﬁxfeés‘&e WF@‘P%B{W?}?W"I ity system (Figure 9).
It uses a s#mlBackwaghing bitifigh EOMPREOREIMddR WRINRARS & eRLink@bichf ARISH gRsy ent
gases from vari ous Io%aé‘ig(?ns and tanks in the process so that the gases can
be sent into ChETHeNS thghed kesameshlvgped ardpue ie chapged Quti j ability of these
systens is typically very poor due to the w de range of capacities that the
system nust be designed for. In the proposed design, the vapour recovery
syst em il8 atArefarrecherabadipacn b ghesigvantion thegnghils ragdulas pustqrrialyahes the follwisg |

r at her teaﬁ'iﬂ Uging a liquid ring conpressor, the design takes advantage of
the high ?let natural gas pressure versus the pressure it is used at. An
eductor is used utilizing the high pressure natural gas as notive fluid,
the | ow pressurge fuel gas header as.th i.nk, and drawing a vacuumto

col l ect the fod iﬁ?‘p(?grsrﬁ?oé’ea'a‘g%‘?.ss Y fﬁﬁﬂ?“t\ﬁbﬁyftﬁf“gﬂé BPNS TPASR 9eHYs from
the process, tNthe@eiteds@rovidingh Séntbettdrdhapin®vhE il ORI amb PiBsive sHidtagd f or
the flash drum Wt? %24,SUBSTI TUTE SHEET (RULE 26) WO

2012/ 100320PCT/®A 1/ G @9ists hlgkbeingsyprited mothinalyrah gost 18 praviis thegas flsM i ty of
the eductor is shiffent @0PerbfRehCARAG! hY phssivt it bEilg BEinEBEd 1% .Pixmtr@@f amount  of
natural gas used as the notive fluid, which is n%rmally I's large excess
over what is regued eapoprsirom gorggaanksani low gressyietequipmento paddlid mmletof t he

flash drum and : -de- of || I s, requirin he
vacuum the hi gsﬁ’gd?y‘ﬁéf‘{ggﬁm%tgm\gf&‘g E\Vétggh urlcak 5&%56@%&“&(@%8\%@9“%gfsti]%m IS
i nportant to thiawragss throughlthe sjeetductaes desingmsé & tdidaeuhs edhouns fpaeme ousl y

filed KeneX Uni tes Provisional Patent ljcatio o. 61/376, 298

i ncor por at ed hé%“%? ﬁr%nlya?wrpgf%‘%rg ReeP mefﬁg}l%&lgFgctgﬁﬁf)dttk%tgwargﬁfg%la}w,péwlge and
benefits of thduduystenntwherewethe vemed vapoweslatedumiad, ih@wdiof Gelpg feilassans tieper at i on
Costs Capital and ﬁ)eoe;ﬁti ng .costs.are a rm cfabl e barrier to economc in
situ recovery SFGPPTEJRGUSC AR equige Sfullydisclosed rprpyipiona) U Rateaksi gn.  The
concept of redugpligatibh61¥i6298 &id ihddepdpdt@rias&h BYrdiraite, at the sane tinme made
this a significant challenge. However, the disproportionate increase in

i ndirect costs (construction canps, airports, roads, interconnecting

pi pel ines, vellA padr kasich frb®Ss corfpFitin®h MaaRIkEA! J 1A dmrﬁpﬁldéﬁs%ﬁaqdpgé ggsed

led us to realization that econony-of-scal e savings could actua
achi eved by r edijel wHertticatingeegpipmenta prherain thokat watey ipneskicedois intredsasd tintathei f we

want ed to renvigRcaimeiddtskysatdd ; ; ' . esian achi eves a
30% to 40% reduc%i on in lfn?(t?téz]&elgﬁ)ctggg(%bg q@gﬁhgég@%{’ﬁ%{%ﬁv}ﬁ Fonal
| ar ge- scal e SAGDtheueqodadtin theiflushidwel @pdaistr, the caplensat liquids fFévh sherexchumgéron i s

achi eved, des piis,lxﬁix%(ﬁ1 itk Itl%r%toolgg h&‘ﬂdﬁﬂ% lm'b?tlrn’e bte{r]l[g ?r%gsr}ertre%%ntfo?}llel t?ryg'l Qvgt:er
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Integration of well pads and process plant on a single site. Elinnation
of costs associated with interconnecting pipelines and roadways Reduction
of scope Wb 20edooxzad facilities through elimnation of SOFEAONOEES

equi prent (Gogfég@?glgﬁ%g{h}chttﬁ@i UfiesAWRRby @1 bt e vakdr &R ﬁhlel@i%kﬁeﬂ”e”t air,

nat ural gas) Icatrons to the main processing plant: a) Reduce

or elim nate rewerdeamsfeord trtherstss dreyprewss grieatmosphetic Ginks faswvage. Thel t er s
ORFs), produced er coolers. skimtank, and i moil.tank., b) New or
Fedest gned. pr ocss S ralRRRE g Hlfol i VRS EET Rlusob Biprbar deat gn.

flash drum and 68200 endhlenrpented Wapmby réfeeaxery unit (VRU) eductor, c)
Stream i ning the process, 25 SUBSTI TUTE SHEET (RULE 26) WO

2012/ 100320PCT/ CA2011/ 000465 d) Elim nate sequential cooling/heating

exchangers whem wateEpurifatichiirégsd il a®MIED iR Srocest Sond@RinkaR kSapoflorGaNEr at e
100% st eam at reduced pressure (match to reservoir and no need for
addi tional pres§iR weir andg sebaf qopioliess dbe cvpppraing havinga betiom Withya immt  wel |

pads), O Ell M nabBdddat ROYEEH tbeok SEYRLBAIRE SEAT BimitbSwdi LHYA] qhéiaﬁlgsi ze of
equi pment, g) Standardized equi pment that Ts availabl'e from nunerou
vendors is uti linte@dnaimsunesr andiadiowdomgenmpxpliteshe waterepstagringliowpugties flaovs o |

sands appl i Catio@@ﬁt{m%}@?ﬁ{%ﬁ@th@%@inlsﬁﬁk%Ihh%[&x)d%%tsﬁg nunber of vendors, h)

Package boilers ra han once- ough "steam gen%rators (OTSGs), i)
Common punp and heat exchanger configurations where practical, j) Wter

treat ment uses nechanical vapou onpressi on evaporators rather than |arge
hot or warm | i r,}ga QSW%RP%%H cEdrghté?e apora?or receiving watertfrom the process ancr|

discharging distilled water from a distillate tank and discharging waste brine from the
blowdown sump. The system also having a set of controllers including: a distilled
water flow meter provided at the discharge of evaporator, a blowdown flow meter
measuring the flow from the main sump to the blowdown sump, and a cycle
calculator for calculating the ratio between the distilled water flow and blowdown
flow and a total flow controller. The cycle calculator provides a set point to the total
flow controller, thus the flow of the water into the evaporator does not directly
depend on the level of the liquid in the main sump. This way, the operation of the
evaporator functions in a contained closed loop environment. The use of this
equipment is fully disclosed in United States Provisional Application 61374301

incorporated herein by reference.

« A steam generation and power generation process. Similar to the Evaporator Package,
the Steam Generation System consists of conventional boiler technology producing
100% quality steam, which has recently started to gain acceptance in the SAGD
industry. The high quality distillate from the evaporator has allowed this shift,
whereas conventional SAGD plants employ once through steam generators which are
limited to the maximum of 75-80% quality (percent of the boiler feed that is

vaporized).

Distillate from the Evaporator Package is fed to the Steam Generation System by the
Distillate Product Pumps. Chemicals (oxygen scavenger, dispersant, and neutralizing

amine) are added. The high pressure pumps transfer the Boiler Feed water through
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k) Modul ar and portabl e concept deployed to achieve the follow ng: Reduces
overall schedule and resulting cost of capital. The faster schedule is
achi evablwohyixwex2ot i ng parallel activities for: site decEleoamn)4cs

dri 109, Todu! e xR A b B BRI Fon AR LA R, ARBIRY e 18

nmonths for 1 Site vs nt or conventiona ni-mzes on-site
construction (|RaskagelBoieniThe Boibes prodiigeh supepreated steany.i The Banlcr tlowd@yrgie sent

Vears of onsi t QoRsIer e Wafer rSh B Fde Bbdiret P TS QIEE S R e of
primarily nodul Recgsignhib ytreamGedipacthe dasirg of intakdup diated edquirediul e- t o- nodul e

connections that elimnate nost of pipe racks, site devel opnent and
foundation works. 1) Small scale elimnates the need for sul fur recovery.

KemeX hagheRef8 oftlet Gintifnéresl WiifBer@iRed Bdtikah 60 piopodd dediah andLEHVERITRATSAGID O
conventional |arge-scale SAGD facilities currently In design or operation.

These r etegri Disiiral i thecHipasy etessurs- Guaghentineal 1SRG facHigies arr dssigaed tourredrisei on i s
used extens %eh/s,H0-BLHI0SHS g&&ﬁfr@%@ga Aﬁﬁdgugp hldst o %?h&aﬂ'tﬁegdﬁhgb;{s&d&gﬁﬁ

operating and nai ntenance costs. re rigorously designed supervisory
cont r ol qPewlsi gb peeserveis peassuroef onlnd 0@(-3.500 kite, the héghrsipammiressire s rajipralizaddo

r edunda j . i | ayered above supervisory
cont rol r}%ﬁ){) °ca ?ggg&@g%g@@p@h{ lﬁgﬁeef\?v{a?’ %r bal ance control to proactively

control the bal ance between 26 SUBSTI TUTE SHEET (RULE 26) WD

2012/ 100320PCT/ 00046 t to th | | . the produced
Wat1 er 1t ?%a@@gnlg%%g%é@ @é‘ﬁﬁ’i‘?“ i%ﬁ’%{:n e’pt ?B%BPSPE(QF\A?%%W:‘BQ‘FC P%n‘%ﬁ‘gg?‘fef)m t he
Produce phaseres ook keayl Bk isehokeaérgy\difRient atikthe 100 pred@sé idu@k Bbilerand

safety i nt_ggg]ri ty systemto manage upset conditions with mniml operator
i nt er verRPIBHCOSLs.

Second, the standard OTSG can only produce saturated steam, with some steam condensing due
to heat losses as it is transported to and into the well. The proposed design superheats the steam.
The heat losses in the steam in the transportation to the well removes the superheat rather than
condensing the steam, and hence the full production of steam is provided to the well. The steam
is superheated in the boiler and then desuperheated, which provides the capability to control the

amount of superheat required to prevent condensation during transfer to the wellhead.

The third change is the design and use of the Produced Gas Cooler as a dump condenser during
start-up or standby operation (Figure 8). During normal operation, the Produced Gas Cooler is
used to cool the produced gas from the wells, produced gases from the Inlet Separator along with
vent gases from the Desand Vessel/FWKO/Treater. The resulting liquids are routed to the
Produced Water Flash Drum for treatment in Produced Water Deoiling. The non-condensable

gases are sent to the Mixed Fuel Gas Separator in the Fuel Gas System.

Using the Produced Gas Cooler as a steam dump condenser is a temporary operating mode
where there is not production coming from the wells, but the boiler is operating with none or
only part of the steam being routed to the wells. Some or all of the produced steam is recycled

by routing through the Produced Gas Coolers and the condensate is then recycled back to the
BFW Tank.
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Energy efficiency exceeds conventional design by -5% This inprovenment is a
result of: Heat integration to recover maxi num heat from process streans,
t hus redwongiumni2oty heating requirenents Reduction i RCTAN2011806465 eans
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Repl ace vs. air he site with offsite maintenance contractor. Conmon

spares f1Bis ‘Pﬂﬂo ths| ‘%P“F&!: startpessayesers KK Wisr wRBRSEE deigl ang G¥¢csy slerB el Pl ant
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is plant reliability. This is extrenely costly in terms on | ost producti on,
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of our design in or uce operatin nalntenance costs in line
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fromthe foll ures:; ncre cess %utomat i on

ot prrorogret T BmA S nfhet Sl Ve Siea AR s, ol edveSh s BbEER Bertire

prevent freezing in processing equipment.

In the event of an upset in another area of the plant, the Boiler can be brought to a stable
operating point without needing to trip the Boiler. Because the steam is condensed and recycled
back to the BFW Tank, the Boiler can be operated in this mode indefinitely and can be quickly

brought back into normal service.

Three-way valves are used to line up the feed to and liquids from the Dump Condenser in the

different operating modes.

Vapour Recovery Systems

In a conventional plant, the Vapour Recovery System is a distinct utility system (Figure 9). It
uses a small liquid ring compressor to compress the low pressure vent gases from various
locations and tanks in the process so that the gases can be sent into the fuel gas system for
disposal. The reliability of these systems is typically very poor due to the wide range of

capacities that the system must be designed for.

In the proposed design, the vapour recovery system is tied into the process in a couple of ways
(Figure 9). First, rather than using a liquid ring compressor, the design takes advantage of the
high inlet natural gas pressure versus the pressure it is used at. An eductor is used utilizing the
high pressure natural gas as motive fluid, the low pressure fuel gas header as the sink, and
drawing a vacuum to collect the low pressure gases. In addition to the normal tank vents from

the process, the eductor is also used to provide the vacuum required for the flash drum. With no
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SUBSTI TUTE SHEET (RULE 26) WO 2012/100320PCT/ CA2011/ 000465 Evapor at or
desi gn Recycle steam condenser Free water knockout (FWKO and desand
vessel Bvororeaodz2zn of hi gh nmai nt enance equi pnent  VRU eduataaniueodsRU

d. : boi | er
com eSSty O AR 86 G0N O Sy a2
(ORFs), mimami)nlatmngmhwnghf nanralk gam asedes érqmnqmeﬂmd]; Which nsefmhally i largeudasdsant i al 4
recycl e /Size t,.for ti rV|ces Repl ace an
Fepai r et SER DR B85 aR BRLE N Sesstiorit Biech S e R B b s
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mai nt enance of s unit operations Start-up and operation in tota
recycle” ﬁﬁﬁ@yéV$§%§‘QPWWW%“PBPdQng start-up or suspended operation. Return
to full capacity from suspended "total recycle" node can be facilitated in

a quick and controlled manner.
g This eductor design is discussed in previously filed KemeX United States Provisional Patent

Application no. 61/376,298 incorporated herein by reference.
There are additional embodiments and benefits of the current invention listed below:

Lower Capital and Operation Costs

Capital and operating costs are a formidable barrier to economic in situ recovery of oil sands.
Reducing costs was essential in our design. The concept of reducing the size of the processing
plant at the same time made this a significant challenge. However, the disproportionate increase
in indirect costs (construction camps, airports, roads, interconnecting pipelines, well pad
facilities, cost of capital) as plant size increased led us to realization that economy-of-scale

savings could actually be achieved by reducing the scale.

Capital cost savings were essential if we wanted to remain competitive at a reduced plant size.
Our design achieves a 30% to 40% reduction in unitized capital costs over the conventional
large-scale SAGD currently in development or operation. This reduction is achieved, despite the

plant being smaller, through the following:

« Integration of well pads and process plant on a single site.
«  Elimination of costs associated with interconnecting pipelines and roadways
»  Reduction of scope of well pad facilities through elimination of some process equipment
(Group Separator, transfer pumps) and utilities (instrument air, natural gas)
«  Process Modifications to the main processing plant:
a) Reduce or eliminate redundant or unnecessary equipment such oil removal filters
(ORFs), produced water coolers, skim tank and skim oil tank.,
b) New or redesigned process equipment to suit oil sands service (evaporator design,
flash drum and steam condenser, vapour recovery unit (VRU) eductor,

¢) Streamlining the process,
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Reduced Environmental Footprint |Increasing International and donestic
pressure is nmaking the environnment inpact of oil sands production as
si gni fi canmD 208wa3200ur desi gn i nproves the environnent aIPCfmmzprli/(]o046i5n a

number of cr 4)t lEﬁr%Lma%ss% &e‘ﬁﬁal co%ﬁ{kgr,egﬁrf% &cR@@n eeééw elr) tted ftlﬂgﬁ r\’veﬂér (125

x 125" plot ocess n omn ponhds normal |y
associ ated wt bto@éi@ﬁks No | nt erconnecti ng pi pelines/ roadvvays to well pads

whi ch unnece [ | ar ge,tracts of land and are inpedi nents to

nat ur al rmve%re%? %/te dlc?@é I?cﬁt Fuice Ipf‘?‘?f"ﬁ%t(’in@r‘igotf’ THrGE %ﬁjgo o1 f%{nd

of fice facilit a@ftiondbredsurelid hllchafor Q3ses daIinOradeRPOIddtat SeHpadspackage boil ers
m ni mzes water bl owlown to 2-4%_ which is s ver %?tlne better t han

convent i onal ) SEEBI3feAfredusest @LJE?S?*FWSSWE‘E“F 8ig§ of aggpment,

2012/ 100320PGTh{aNdfdité LORMGRent lﬁ&a& W Svaslené %nfaﬂmagma&sqaﬂumal thifier €- USE
the majority of the water fromthe bl owdown stream Energ eff|C|enc

(eni ssions) | thepdarsedexpensivgy custam desdgnsyfor R sandsorpphietipes (hahars available
from limited number of vendors,

h) Package boilers rather than once-through steam generators (OTSGs),

i) Common pump and heat exchanger configurations where practical,

j)  Water treatment uses mechanical vapour compression evaporators rather than large
hot or warm lime softening systems,

k) Modular and portable concept deployed to achieve the following:
o Reduces overall schedule and resulting cost of capital. The faster schedule is

achievable by executing parallel activities for: site development, drilling, module

design and fabrication, and regulatory approval (18 months for 1'Site vs 36
months for conventional plants).

o Minimizes on-site construction (lower labour rates, higher productivity and no
large construction camp and office facilities) and. What has typically been 1-3
years of onsite construction has been reduced to a couple of months of primarily
module assembly.

o Compact design with direct module-to-module connections that eliminate most of
pipe racks, site development and foundation works.

1) Small scale eliminates the need for sulfur recovery.

KemeX has been able to reduce operating costs by 5% to 10% compared to conventional large-
scale SAGD facilities currently in design or operation. These reductions are achieved through the

following:

e Process automation is used extensively to achieve increased reliability, leading to

reduced operating and maintenance costs.

e More rigorously designed supervisory control (equipment selection, installation,

instrumentation type and redundancy)

e Advanced control applications layered above supervisory control applications.

Examples include water balance control to proactively control the balance between
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Increased plant reliability Site renediation Mdular/portable concept
mnimzes tine to renove equi pnent from an abandoned site No ponds
associ at estowntdiovize facility Three | evels of contai nmerCT(qa200886465M0dul e

and process pl agéa&f ?ﬁlglicﬁhge eﬂg)angﬁ{eeﬂ?%ﬁg%cﬁ lévgtg{ tr%ﬂlftédrer%% ﬁg%r @Ellsagfgd EB%'[ErB%b' e

KeneX has exten y accepte construction to

i ncor por at e por diadotihg tvyter Qand pomaksBroghca W aterelink andBoiter Fecgl Whtet Takspor t abl e
cl ose- coupl ed | es. theit can bef assenbl ed or dismantled in 30. daxé hand
noved via the exieﬂt ﬁ?eﬁt?“h‘} Y- Puh TR JREBEY: SYSEPY [FuBIN3Ss WSEerqnditionsnat
concept offers midiMalaperatr iflérséntiogt advant ages as di scussed in other
sections of this docunent: Mninmal On-site Construction (cost, schedul e,

ri sk and envi® oRmgy efficiepgyfxecede prafventipnal deeign by oS Caphis inprowsent sageabove
for details) Rggduced resource risk since equipnment can be redepl oyed at
different sites If resource proves uneconomic or has been fully exploited.
KenmeX adopt ece sHea integrafion to ovoepinsxinune héat Gomrirooessatieaes; ehua retsing mtitityat was
bot h nodul ar an{; ortable. These concepts are well suited to SAGD plants
and coul d be ex e@ﬁﬁ%ﬁq?‘ée“bet" er processes. Al main process nodul es to be

direct coupl ad RedqelibdinRedyClelhiéuniieed to site constructed pipe racks.
Pi pi ng between nodules wi Il be run ongf)i pe racks integral to the nodul es.
Corridors of *pReénpmpercesgophitionsgeleded fooplaicssigmdat e i nt er - nodul e and

o oAl 1) P9k DT MU PG LB Ao v
2012/ 100320PGT/ EAR@U/ tké 403 Qs fure to reduce diluent losses to fuel system
e Onsite power generation is incorporated to further reduce operating costs and
dependence on third party electrical power supply.
e Electrical power costs are lower to generate than purchase, even considering cost of
capital
e Heat recovery from power generation produces additional steam for oil recovery
(highly efficient cogeneration)
e Minimal indirect operating and maintenance costs associated with large camps, road
maintenance, and separate pad operation
¢ Replace vs. Repair at the site with offsite maintenance contractor. Common spares for

multiple facilities reduces warehouse spare cost

Increased Plant Reliability

One of the greatest concerns plaguing existing SAGD operations is plant reliability. This is
extremely costly in terms on lost production, operating and maintenance costs and risk of
damage to equipment, personnel or the environment. Improving plant reliability became a
critical element of our design in order to reduce operating and maintenance costs in line with the
reduction in plant capacity. Improvements in reliability resulted from the following design

features:

¢ Increased level of process automation
¢ Equipment design and selection

e Evaporator internals
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constraints. This systemis design to sinplify piping and to facilitate the
di sassenbly and reassenbly of the nodules in a new |location. |In nost

i nst anceswopb/rgs2bet ween nodul es will be connected by Prammeasivmodser t han
by wel di ng. o%%o?at%ra@ég’lgﬁ will generally locate equipment to one side of

t he nodul e, to provide space for personnel access to equi pnent and

i nstrunment at ¢ oRecycker egesvhdemsérnt enance equi pnent will be noved to the
perimeter of the nodules to allow easy access for renoval and repl acenent.

Vapour handlTné:regy%aﬁeé#ﬁoqkaﬁ%{:@’d(@r?“f‘ﬁ?ag‘gﬁﬁ | evel to minimze safety

risks. El ec}ripGaindd8N6f hikbiS mIRRAARE 8Guiphéfi n the design to elimnate
dependence on purchased power and elinmnate the infrastructure required to

bring it to the sYREeduchryn iRt eampsesseini t chgear, and MCCs are installed on

a single nmodul g t@Q, Idgwc&{dkn%p%ﬁi@%g{mg%&epgo(y}%rgi ng to be acconplished off
[ Wt e e 0

site. Power connections, xception conti nuous cable runs
bet ween t he MCGs Rankhge heilaes.UAISGot ors, are term nated at the boundary

limts of each mgtdul e .80 tht? thj. PF power grid may be "plugged together",
thus reduci ng £he BEAL & PRIV AT Y™ " onl'y t he af orenentioned medi um or

hi gh vol t age cennestbiloRmoval Thigers QORFE] ehniheiy aighhinhiaghatce dofiiphRatethaon
hardwi red |10 nodul es . instal]led in environnentally hardened encl osures
instal | ed on eacHepftodewbstarsigliceycle No i nstrunment connections bet ween

nodul es are enterd@hm&deypdldizet Bt &uiptRAtEmaRPld Livigonnections are to be at
the network level in oré/er to reduce the quantity of connections between

modul es and betowetaplachandrrpainkhilopephy shiorgite mainteapneg.  Di l uent is brought in
by truck and p%o%&l&in?@sgﬁga%lﬂ%%rpgesEE&cﬁ@u ﬁor?l imnate the need for

pi pelines to a new si nat ur gas pipeline is still required. The

desi gn can be moantoreciathgpaaditagllon colttusdopateioafdurink elantenaterofapetifidhie
availability of ﬂeeep wel | disposal for the brine. The nodules will be test
assenbl ed, predBUPR¥R8 ked, and commi ssi oned before disassenbly and

reassenmbly a} ishet-dy bsd op&@&tdinl ANtotal YeSycW Iod@l16wP 0N BreOKtialll® Qtart-up or
assenbl y/reassenbly requirenents as well as significantly reduce the field

fit-up, commi sSPHeidsd opgationgRefurip 8l sapaqity fpnhsuspandeds “tofalrasysico snpde Bt t he
pre-assenbl ed @Pﬂéhﬁz{te&iﬂiatc%ic‘l’é’@g@?én%%gé’cﬁﬂaﬁnref?m the trailer are positioned at
oun

the renote | ocation on prepare ation / support such as concrete
foundation, concrete columms, rock base or any other foundation preparation

known i . | £ the trailer mght be adapted with a set of

j acks olﬁea d Bhbitontlchia Rich r%trt the nodules in the location 30 SUBSTI TUTE

SHEET ( Ridkdasia$ ntetviidichall ahd1 QDSROPAIELSTAZS Iddk{pOA6 Bnvironment impact of oil sands
production as significant issue. Our design improves the environmental footprint in a number of

critical aspects.

e Land disturbance
o Small plant footprint (125> x 125 plot for main processing plant)
o No need for blowdown ponds normally associated with OTSGs
o No interconnecting pipelines/roadways to well pads which unnecessarily
disrupt large tracts of land and are impediments to natural movement of local
wildlife
o Elimination of large site camp and office facilities
o Water utilization
o Using evaporators and package boilers minimizes water blowdown to 2-4%,

which is several times better than conventional SAGD plants
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W t hout renoving themfromthe truck. Further the trailer mght be a
specially designed trailer for transport the nodul e and support the nodul e
at the rewotei1dwaerbi on. As nmany changes can be nade to trhe/qaefigoowsd
enbodi nent of the,i ' ' rti: f t , It is
i ntended that al IOrrgyﬁfe%ae%%ﬁ%%%gﬁﬁwgs?%?ﬁgﬁggfggggﬁﬁ%ﬁ??Fﬁgt%{rﬁ%ﬂ of the
i nvention and not i thedldvwdewnisigansense. 31 SUBSTI TUTE SHEET ( RULE 26)
CLAIMS 1. A tr.ar]asngprte 1|ien r’rPedullsaor S)Drocess for exploiting a renote heavy oil
resource or the TIERE U ﬁ?j e assi st ed gravity drai nage technol ogy or
the |ike; said procasscassdngneigsieffgidnc@ansport abl e preassenbl ed and
conmi ssi oned nodul es. whi ch. when i nterconnected adj acent said renote heavy
oi | resource prov‘?dz\]otaﬁgos%‘frfcivteﬂ}tsto exploit said heavy oil resource or the
li ke; each nodul e; b@icR@sddeas &gabiligd and conmi ssioned at the tinme of
manuf acture with the necessary piping and electrical wring and other
essential eq@i pienemddigtiorach nodul e prior to being transported to adjacent
t he resource, eac iNg K e J j
resource, able togbwgggf) ylblfén B o&H@é‘f}%gso\?\ﬁehgoh%eo?gper%lg@g]tsegts%@ufmes to
enabl e an entire SA@ ndomedess or the |ike to be constructed adjacent said
resource, wherein_o ce S id rce% ur.&ethif Qigpl et ed said nodul ar process nay
be di sassenbl ed ahd Cran Spa(g?ot@ ' 2 ul¥¥erent remote resource, and
subsequent |y reasselffhieettvak of eonthithdnt @iresess, rREDIE @nd HHEILE plant condrire padme
manner; wherein said process conprises several transportable nodul es
selected fromthe followi ng group of nodules: oil and water separation
nodul es;Exténbi@bMaeofei Ng of produced water rather than the conventional heat
exchanger or the like; Vapor Recovery Unit (VRU) Ejector and fuel gas
syst em A¥eflwassand Perighict Kepghohast extenged hthanwidetye aprepted epfingens r ofomaduilaer
evapor a i r £yl X ool i ng
Svet om Ko LR ERoBRle bARLITEY, Kk gRAC TR U flh SASLE FRERRSELI: clof

coupled modules that can be assembled or dismantled in 30 days and moved via the existing

high-load transport corridor in Alberta. This concept offers a number of distinct advantages as

discussed in other sections of this document:

e Minimal On-site Construction (cost, schedule, risk and environmental impact
benefits)

¢ Reduced Capital Cost (see above for details)

¢ Reduced resource risk since equipment can be redeployed at different sites if resource

proves uneconomic or has been fully exploited.

KemeX adopted some unique concepts to efficiently achieve a design that was both modular and

portable. These concepts are well suited to SAGD plants and could be extended to other

processes.

e All main process modules to be direct coupled to eliminate the need to site
constructed pipe racks.

¢ Piping between modules will be run on pipe racks integral to the modules. Corridors
of space reserved on modules to accommodate inter-module and on-module piping,

which was necessary to avoid pipe interference when routing within module space
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boil er feed water storage/supply and chem cal addition nodules; boiler
nodul es; power GCeneration nodul es; and once sel ected, transported,
assenbl edwendizwairnel y i nt erconnected, providing a conplPeTEASMNGDIM6OCESS OF

the like for expl@hhntghid|dent AR EESH fiﬁ%ﬁéﬁé%%ﬂg{eﬁﬁé’&@asm‘y‘ ar

system for hydrocarbon extraction using / rocess, said system
conpri si ng t he ahrdagsainhly of theanedutes éica naiv looatignes assenbl ed into said process

o, oSt i i P RSE MRS BEIRSSI SL SRE G ORRL U °

prior to being transpor ( _
separator, a déysehtnginit, and Free Water Knock-Qut and G| Treating

l's; WD 2Q12{ 100320PCT/ CA2011/ 000465 b) nodul e 2 _conprjsing of an
Yﬁiﬁieé Gas FI g‘i‘?‘{ﬁq lgypug M ge’ﬁfag'%’ijf?qaéﬁeéi“waﬁ%{t Qrpge ﬂdFBfﬁleg’EQﬂ“gr WO RPVidgdul e 3
conpri si ng t he spA8B&HREsOfinet ¥&BANEG &duipribnt BRGH tRInfen@ASMT | Si Ng an evapor at or

conpressor, evaporator recirculation punps and chem cal addition nmachinery;
e) nodule 5 eo%qugmﬁgalwémqné? equasaenfiatti b be movpd to tha perimptenef tie maglples éns and

electrical systgi%ea )ac%g&%nﬁwgpimq' $dcBfef boiler; g) nodule 7 conprising
a

power generation an at Recovery Steam (enerator; h) nodule 8
conpri si ng aegl\apolr handiingrsydemoibteeed anabéd seagndslysdl @énminimize safety risks.

e Electrical power is generated within the design to eliminate dependence on purchased
power and eliminate the infrastructure required to bring it to the site.

e Transformers, switchgear, and MCCs are installed on a single module to allow all
interconnecting wiring to be accomplished off site.

e Power connections, with the exception of continuous cable runs between the MCCs
and the actual motors, are terminated at the boundary limits of each module so that
the PF power grid may be “plugged together”, thus reducing the need to pull cables to
only the aforementioned medium or high voltage connections.

e The control system architecture is based on hardwired I/O modules installed in
environmentally hardened enclosures installed on each process module.

e No instrument connections between modules are entertained. All inter-module control
connections are to be at the network level in order to reduce the quantity of
connections between modules and between the PF and the control building.

e Diluent is brought in by truck and product shipped out by truck to eliminate the need
for pipelines to a new site. A natural gas pipeline is still required. The design can be
modified depending on the source of makeup water and the availability of deep well
disposal for the brine.

e The modules will be test assembled, pressure checked, and commissioned before
disassembly and reassembly at the first location. This will help prove out the
assembly/reassembly requirements as well as significantly reduce the field fit-up,

commissioning cost and schedule length.

It is understood that the pre-assembled modular units when removed from the trailer are
positioned at the remote location on prepared foundation / support such as concrete foundation,
concrete columns, rock base or any other foundation preparation known in the art. Ultimately the

trailer might be adapted with a set of jacks or other means to support the modules in the location
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i) nmodule 9 conprising a flash drum flash drum condenser, and dunp
condenser; j) nodule 10 conprising a glycol expansion drum fuel gas drum
and addi tworai2/teex2d exchangers; wherein sai d nodul es or pCmEA20laeobss ng

assenbl e nd i nterconpected int ai d process t he provjsion of. the
boundaPtgtgPm g HEBn e <tk Pudith el Bl be o BrdP B et
mec hanifgratanspatie madide &4 sapponaié mbgulehatd fehdad lodatib®s and pi pi ng runs
extending from nodule to nodul e. 3. The nodul ar systemof claiml or 2
wherein said nodul es are interconnected and once this is done further

conpr i ssNfanfyBakPes 8FSEY Madd Bithdprafated BRbSEmMedtT RN EhtiBE Midoutelepstingd cal
lines and sets of controllers required for the operation of the nodul ar

pr oces $10gyibe eqope thererE itnip iiknded halodlasaftep pongaingdhencimbpe ongideredillystsative ebst  one
of the gsahfbaiEMESt inS lﬁﬁk'ﬁ?%&ge.f romthe following |ist of nodules: a)
third party evaporator modi Fied to i ncorporate KemeX weir and a set of
controllers; and/or b) conpact evaporator with an external conpressor
suction drum and/or c¢) VRU Ejectors; and/or; d) flash cooling systemfor
produced wat er as opposed to conventional heat exchanger. 5. A nethod of
transporting a SAG process or the like to a renote hydrocarbon reservoir
conprising: WD 2012/ 100320PCT/ CA2011/ 000465 defining nodul es which

col l ectively substantially nmake up the process when assenbl ed together to
substantially formsaid process including preferably nodules 1 to 10 of
claim2, constructing said nodul es adapted to be fitted on a tractor
trailer, rail car, barge or the |ike,
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transporting said nodules to the renote |ocation using trucks or other

sui tabl e neans of transportation, assenbly of said nodules at the renote

| ocat i on Wot20126@0320 SAGD process or the like, for extractcorcabilmpadsecar bons
using the @D process at the renote |ocation. 6. A nethod of constructing a
nodul ar portabl e SAGD system conprising nodules of claim1l or 2
conprising: a) defining nodul es which when assenbl ed col |l ectively make up
the process for extraction of hydrocarbons, b) constructing separate

i nt er connecty HepspeTthblcemodidareqsss tor Isepleitiag gpenetediepyy el rasewrke o thediker neans

of tra 8 [ : 1:S51.0Ni asystem of the nodul es at the
nanufagﬁﬁ F%%H%ﬁﬁﬁf"ﬁﬁgﬂ?%ﬁég3%?@%%5&%3“?#%’systen1into t he nodul es, e)

pr epar isag prheessroctuprisingf wansportahporedsaemided ol tdmemisgmxdembdidest whioh whed use of
a systemof claim.l or 2 further conprising st f. constructing and

2 sunbiRg pee gl s SR LoT s Pl s o & pEPCiHY FahY e
final plilarkowdid er thejlieevicht rhecliuleesa'ug Q}?e;a)sdabnbgw%ﬂtﬂohmgssﬁ%ied 3y $tiectimé rom t hﬁ
nodul es at .t he mapufacturing.l.ocatjon(s); ¢). testipng and conm ssioping the
modul e<nSIHERHFe PHE TeBSFITR NG AndpiaRin el Wifing p ?fLﬁS%“@f‘EI‘r?qHQ’WCBEEYi on(s);

d) di scaan@edilapridriebdREABorfado REfdchd tRcBdirdhem on tractor trailers, rail
cars or other suitable neans of transportation; e) tran;Portlng t he nodul es
1

to adj #éehmnodilebeing, vdumaansperiaddaadiaent saideesanrese abletald repdilyfiptersgansatsli ng t he
Pt TRl ViR TG 960Nl L KOO qger o
adjacent said resource,
wherein once said resource is depleted said modular process may be disassembled and
transported to a different remote resource, and subsequently reassembled at said different remote
resource in the same manner;
wherein said process comprises several transportable modules selected from the following group
of modules:
¢ oil and water separation modules;
e flash cooling of produced water rather than the conventional heat exchanger or the
like;
e Vapor Recovery Unit (VRU) Ejector and fuel gas system modules;
e compact evaporator with an external demister or other evaporators available on the
market and modified where necessary; -
e cooling system modules (for example glycol cooling system);
o boiler feed water storage/supply and chemical addition modules;
e Dboiler modules;
e power Generation modules;
and once selected, transported, assembled and securely interconnected, providing a complete

SAGD process or the like for exploiting said remote resource.

2. A transportable modular system for hydrocarbon extraction using a SAGD Process,

said system comprising the following interconnected modules assembled into said process at a

desired site, but each module being commissioned where constructed prior to being transported:
a) module 1 comprising inlet coolers, an inlet separator, a de-sand unit, and Free Water

Knock-Out and Oil Treating vessels;
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wherein the system can be di sassenbl ed and rel ocated to anot her renote
| ocation if necessary. WD 2012/ 100320PCT/ CA2011/ 000465 8. A process
conpri si yoewerwed2onodul es sel ected fromthe foll owi ng gcowazefi/coedsl es:

il d ter separation .nodul.es; . flash ol i.n f produced water. rather
? Ihanatn hemgoﬁ\}e‘??f’&@?‘lgl CofpLping Pf ﬁﬁr{%‘gﬁ“e‘g%ai EE"’W“‘PQ’E ,U?“tv ‘5%'?“%8‘85\?855 33 Bt ¢
(VRU) Ejector @ptrfuel gas system nodul es; conpact evaporator with an

external dem ster or other evaporators avail able on the market and nodified
wher e neces$ar Podule depmpripingths RPofAQUEEHaNELHr exanpl e gl ycol cool i ng

system; bohl Bbdfi€edoMBliGhe S YaPS&loP YRRbYssBN Ayt Galircatdbd poRysRdul es;
RS i

boi | er nodul és; power Generation nodules; thus providing a conplete SAGD
process or t hechemical additiomypichineiyng a renote resource. 9. A process for

hydr ocar bon _ex [ - . I i I I.d_,process
conpri sing teﬁeﬁj{)%ﬁ% g\?mgﬁé&%g?dgg?e%g)“%ﬁ%&gﬁgg%nsgrgrr?gﬁﬁs% %gsgl%glls%? elze%é’?aér s, an
I nl et separ at ogystemsde- sand unit, and Free Water Knock-Qut and O | Treating

\éle;sle: ls;t te)) tfgﬁdg@-ﬁ%géfﬁﬁr}?ﬂ% Siobgq%gr?f an Induced Gas Floatation Unit,
g) module 7 comprising power generation and a Heat Recovery Steam Generator;
h) module 8 comprising a glycol cooler or other cooling system;
i) module 9 comprising a flash drum, flash drum condenser, and dump condenser;
j) module 10 comprising a glycol expansion drum, fuel gas drum, and additional heat
exchangers;
wherein said modules or the like being assembled and interconnected into said process by the
provision of the boundaries of said modules being adapted to be securely connected by

mechanical means, and by connecting electrical lines and piping runs extending from module to

module.

3. The modular system of claim 1 or 2 wherein said modules are interconnected and once
this is done further comprising the necessary piping and tubing, fastening means, electrical lines

and sets of controllers required for the operation of the modular process/system.

4. The modular process of claim 1 or 2 wherein at least one of the said modules is selected

from the following list of modules:

a) third party evaporator modified to incorporate KemeX weir and a set of controllers;

and/or

b) compact evaporator with an external compressor suction drum; and/or

¢) VRU Ejectors; and/or;

d) flash cooling system for produced water as opposed to conventional heat exchanger.

5. A method of transporting a SAGD process or the like to a remote hydrocarbon reservoir

comprising:
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c) nodule 3 conprising an evaporator exchanger; d) nodule 4 conprising an
evapor at or conpressor, evaporator recircul ation punps and chem cal addition
machi ner ywoepizmoizhe 5 conpri sing boiler feed water punpsl/darstvoooasst air
systenms and el ectrical systens; Onodule 6 conprising a boiler; g) nodule 7
conpri si ng povsfingeneodulponviagd cellaealy Rabsandially Snd@nisehe rrieesss Wennodul e

8 conprising I i SYSLE ﬁ-lé)} f lL&od
conprising a ﬁsgésr%bq%rtagr?ﬁ)éfr?agﬁgtgﬁgg?g%lﬁg%&lds@?? ang g‘lﬂl ec%ﬁ@gnser;esjl)

nmodul e 10 conpwpilSiohglam gl ycol expansi on drum fuel gas drum and additional
heat exchanger s: or. the | bei.n erconne&tGed into

said process i (f?hg%ﬁﬁg %a?)d ‘5? q‘?%s{ziag’é{gfﬁ b P A Iﬂgﬁorrtéaé%g pﬁchFar, barge or
like,
¢ transporting said modules to the remote location using trucks or other suitable means
of transportation,
o assembly of said modules at the remote location into said SAGD process or the like,

for extraction of hydrocarbons using the SAGD process at the remote location.

6. A method of constructing a modular transportable SAGD system comprising modules of

claim 1 or 2 comprising:

a) defining modules which when assembled collectively make up the process for
extraction of hydrocarbons,

b) constructing separate interconnecting modules adapted to be transported by a truck or
other means of transportation,

c) commissioning of the system of the modules at the manufacturing location,

d) disassembling the system into the modules,

e) preparing the modules for transportation to the remote location.

7. A use of a system of claim 1 or 2 further comprising steps of:

a) constructing and assembling the modules at a manufacturing location(s) different
from the final plant site adjacent the resource;

b) assembling the system from the modules at the manufacturing location(s);

c) testing and commissioning the modules and/or the combination of modules at the
manufacturing location(s);

d) disconnecting the modules and positioning them on tractor trailers, rail cars or other
suitable means of transportation;

e) transporting the modules to adjacent the oil sands or heavy oil resource location;

f) assembling the system from the modules at the remote location;

g) extracting hydrocarbons from the oil sands or heavy oil deposits using the assembled
system;

wherein the system can be disassembled and relocated to another remote location if necessary.
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8. A process comprising several modules selected from the following group of modules:

oil and water separation modules;

flash cooling of produced water rather than the conventional heat exchanger or the
like;

vapor Recovery Unit (VRU) Ejector and fuel gas system modules;

compact evaporator with an external demister or other evaporators available on the
market and modified where necessary;

cooling system modules (for example glycol cooling system);

boiler feed water storage/supply and chemical addition modules;

boiler modules;

power Generation modules;

thus providing a complete SAGD process or the like for exploiting a remote resource.

9. A process for hydrocarbon extraction from a resource, using an SAGD process, said

process comprising the following modules:

a)

b)

¢)
d)

€)

f)
g)
h)
i)
J)

module 1 comprising inlet coolers, an inlet separator, a de-sand unit, and Free
Water Knock-Out and Oil Treating vessels;

module 2 comprising of an Induced Gas Floatation Unit, distillate tank and Dilbit
cooler;

module 3 comprising an evaporator exchanger;

module 4 comprising an evaporator compressor, evaporator recirculation pumps
and chemical addition machinery;

module 5 comprising boiler feed water pumps, instrument air systems and electrical
systems;

module 6 comprising a boiler;

module 7 comprising power generation and a Heat Recovery Steam Generator;
module 8 comprising a glycol cooler or other cooling system;

module 9 comprising a flash drum, flash drum condenser, and dump condenser;
module 10 comprising a glycol expansion drum, fuel gas drum, and additional heat

exchangers;

wherein said modules or the like being interconnected into said process in order to exploit said

hydrocarbon resource.
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