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‘ Forecasted Western Canadian Production vs. Pipeline Takeaway
‘ Capacity: Significant Excess in System for Next Few Years

Oil Sands Market Overview

Western Canadian Crude Oil Production & Pipeline Capacity
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FALAF 3

= b o

b)Kinosis ¥ % : % *% 3" Long Lake # * 12 = 2 s’ Nexen B %
Kinosis 1 g #F & 429 v SAGD # » #r4 & e + #-1 Long Lake #%
Boodp3t 2015 &g o A2 A E X 15,000 - 25,000 # o
c)Syncrude 3% (Mining): Nexen 3 7.23% 1 ivHE 5, IR s X
AE3HFHR > CNOOC 7E=xF oM 28 5FH o
d)Hangingstone 3+ % (SAGD):Japan Canada 0il Sands (JACOS)E_%
¥~ > Nexen 7 25%# % » =3t Fort McMurray & = 50 =2 > ?E)L
w2016 42 A2 4 HAEX 2F BT -

)BT F#H%: Nexen :B5 Leismer, Cottonwood % 2L 4 + i
# % Meadow Creek ~ Corner ~ Chard -

B)OPTI Canada (3c  f): ** 2011 # 11 * CNOOC m 21 % % £ pi
B 100% OPTI #* i» > Long Lake :x & ® 42 & 3= OrCrude™~ 4r & % {2 -
Gl E XL RM AN T 58+ 57 - OrCrude 374 f2.
BEL R AT hEA S 3P BARE »fm}gﬁ 2 ehRT
WAzH > OrCrude ¥ % § 4 & 5 API120 23 £/ 2 asphaltene
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chE S Ry B W ARAP T (] 3.2.1) > g 7 5 OrCrude %
B2 f6¥ 3 9 BA «%ﬁmﬁvt =% % asphaltene - 7}r'¢ NP S 4@
# = =74 > asphaltene }] 5 SGP(Shell Gasification Process) %l 42 # !
FORRF & f ke d WARR Y > ¥ F - SAGD i * > a,EJ
B e dF R BB RGN FRILH N F AR R
TR KR
http://www.newtechmagazine.com/index.php/daily-news/archived-news/
2150-long-lake-project-to-use-shell-gasification-technology

® 3.2.1 OrCrude & &

7R kR
http://www.treccani.it/export/sites/default/Portale/sito/altre aree/Tecnolo
gia e Scienze applicate/enciclopedia/inglese/inglese vol 3/137-160 ing

-pdf

C)MEG Energy (SAGD): 2005 # 11 * 2 1.5 % % 4 p-¥ 16.69% MEG
%> > &) Christina Lake 3+ 3] = & 3y o 4 L4438 > & ff 200 * -
o2 52008 & F4e2 A > 2012 &# &2 28750 5 /= o
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http://www.newtechmagazine.com/index.php/daily-news/archived-news/2150-long-lake-project-to-use-shell-gasification-technology
http://www.newtechmagazine.com/index.php/daily-news/archived-news/2150-long-lake-project-to-use-shell-gasification-technology
http://www.treccani.it/export/sites/default/Portale/sito/altre_aree/Tecnologia_e_Scienze_applicate/enciclopedia/inglese/inglese_vol_3/137-160_ing.pdf
http://www.treccani.it/export/sites/default/Portale/sito/altre_aree/Tecnologia_e_Scienze_applicate/enciclopedia/inglese/inglese_vol_3/137-160_ing.pdf
http://www.treccani.it/export/sites/default/Portale/sito/altre_aree/Tecnologia_e_Scienze_applicate/enciclopedia/inglese/inglese_vol_3/137-160_ing.pdf

2)¥ % it Sinopec :

2012 # ¥ ¥7F 27860 fg =~ A~ A% > 2012 & frfs F 4R 635 K~ 4
3%, B 1 4 dic 334377 4
A)Syncrude Canada (& * B #£): 2011 & 4 * 12 465 i % 4 M- §
9.03%% i» » Syncrude 2 & * % 358 #§ -
B)Northern Lights (& * B $£):2005 # 6 * j£_Synenco % 40%% i» >
2009 # 6 " j&_Total ¥ 10%: r%a A ¢ WA AR B A R .

201357 15 p 357 o £ F 3 %ﬁﬁ
C) Enbridge i f.4c £ * & A —?; | (55 @®m% £):2011 & 1 * 4%
T1l1RE £

D)S 2 #: p§ 85045 % » 7 #2013 & & 2 F 5000 4§ /%, &
200,000 i /% 2

3)PetroChina #_CNPC + & & :

2011 # 11 * 2 197 # 4 » Athabasca Oil Sands Corp. FE% 60%
MacKay River §= 60% Dover » 2012 # 1 * 12 6.8 in £ £ M5 40%
MacKay River > g3+ % 2014 # B 45 2 2 2 3 5+ - TR K
J :Energy Research China Institute Updated Oct 11 2012

FTHP A EXARPOETAP
Jacos (Japan Canada Oil Sands Ltd.) 2> & % 1978 & & » jd 7 4f

B OREFiE AR O g R il 0 4 AN TEHF R
Petro-Canada (3% Suncor Energy) ~ Canadian Occidental (2 Nexen Inc.
7. CNOOC) 4~ Esso(Imperial Oil)*t#% » &= B & § = @ & Jacos =
PEfs PCE) X S 3031 Jacos o & iy inad g A 3RehT
B % e £ 5 46,000 =E o FEH T R E 17 Bfd - Jacos
#73 100% Hangingstone =341 1999 & #4424 & » B AliF g
), R F‘%%‘H » A5 5 nSAGDH 2B -ERFH LA
AF HBW LA EF 4T BHEHE 2012 p 2 6000 i > <3 11, 000
W/XE T A, BMA RFERT 2 chEiL pReR A FT 4
A&k 10-15 # @ mp R 4019 v KT8 rrasF A o ¢ a5 CNOOC
A 2012 # P& Nexen = @ » B~1% 20% Hangingstone &34 1 it{g
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% > ¥ 73 75% Hangingstone #& -4 1 ¥4 £ >t Jacos » 2010 &
4 0 ﬁw PRFHBERE I 2012 % 117 ik
2016 & B 41 % 2 2 > 4o®) 3. 2. 2 Hangingstone & i 4 sofpo 2
FH(2013 & 1)

JAPAN CANADA OIL SANDS LIMITED

Japan Canada Qil Sands owner JAPEX has sanctioned the Hangingstone expansion project. Pro-
ject partner Nexen is expected to sanction its share of the development early in 2013.

Expansion 35,000 2016 Application | SAGD |

Pilot 11,000 1999 Operating | SAGD |

Bl 3.2.2 Hangingstone & 0id 4§ gefro 4 T

3. FMABER A E B RFTHEP

¥x & Korea National 0il Corp:** 2006 % » BlackGold # % >
0Lt 16 BRI fol2ZRIZFRLE - 2 AR5 P
ALIFHET wilmdd-
http://www. calgaryherald. com/business/Koreantcompaniestmake
toilsandstmove/3301181/story. html#ixzz0uJdoXzgr



http://www.calgaryherald.com/business/Korean+companies+make+oilsands+move/3301181/story.html#ixzz0uJdoXzgr
http://www.calgaryherald.com/business/Korean+companies+make+oilsands+move/3301181/story.html#ixzz0uJdoXzgr

= . w35 i 0 MEG. Laricina ~ Connacher ~ Southern
Pacific ®#it—i ») TR Edud =

1. R TR EduE >
LA B Eﬁ%&ﬁﬁééﬁfé? v R h B o & 0 MEG -

Laricina ~ Connacher ~ Southern Pacific & " f&3 * 2 2 ¥ s K F
SR o FEFARAEFR ) Rk AT ST W
TR € Ao o

VR 2o 0 R AR BRI v IR 0 TRk
Jr o @ 35 Oilsand Review ~ 011 Sand Today ~ O1lweek ~ Heavy 011l
&01lsands Guidebook ~ ERCB ~ Calgary Sun ~ Calgary Herald ~ Global
and Mail F (x5 plp 7408 > 2 S gk~ P TR e
TP B G R D P TR FA WA TR 1
Q2P FEFRTFT R R RS L 27 PR 2 4 AT
B> BT 2 i By TR R Y @ 45
1) 7 ¥2 ARE FHETE
2) Fid ¢ M BTz )
3) MP AFATEH R R
4) b BBATZHFE R Y 2P S A
5) BELABERL A
6) Ei?f&
) BERGEET D
8) L3tRIE RS AR

2. M %’M\ %) 34# MEG ~ Laricina ~ Connacher ~ Southern Pacific
o IR

W

DMEG 2 #: 95 4 2 7 ¢ i (¢ 45808 MEG 2 2 i - 4
o McMurray » 2B F e B EARVEL0 2 > 2 H 4 7 KE
K420 R AT w o FRSAGD BN A A VHRZBHA SR Y b
B 20 MR U IV FE 0% B EFH2-5ET > WA
Fan80% ZHFRPFEBEHDPEHME 2 A 4% 0 7 600-800
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BB LS KR d R MEC A2 4o 3.3 1
S 2 PHEMEG # § W% A kAL

Undifferentiated Shale and Sand Deposits
]
a0 Rock Shale
R —
Devonlan Unertane R —
"

W 3.3.1 MEG £ & % 2

MEG = @ enChristina Lake # % 7 2P Reserves & = 8.49 & fi o
it B FARE (Best Estimate Contingent Resources) 4 &
9.78 i ;@ﬁ » 2P Reserves ¥ Best Estimate Contingent Resources
£33 5 18.27T ®mf - @ 3.3.2 #_MEG = Christina Lake # % = %
B o “f Christina Lake # % 2 ¢t MEG #3 Surmont ?—,% % > Surmont
7 % 11 2P Reserves ¥ 5 5,11 ®fi » B2 s B g2 F/RE (Best
Estimate Contingent Resources) % % 3.27 & > 2P Reserves e
Best Estimate Contingent Resources & 3% & 8.38 ig#i o 3L &k
/7 . ANNUAL INFORMATION FORM FOR THE YEAR ENDED DECEMBER 31, 2012
(published FEBRUARY 27, 2013)

B 3.3.2 MEG & Christina Lake # % i~ % HB]

“/

74 A3 FC2005 & frdead 3 2006 & o402 1 T2 L

-\1\



BIERE_2006 E B4 2008 E 42 A2 02012 #F X 2 28 8+
ﬁ@p’ﬁﬁﬁﬁwéZAﬂ?&ﬁiﬁﬁ%@mﬁ%4ﬁ4a4ﬁ“
2 Suncor % F OH0%rE Mt g TR BEFIREN %Jx; MY F
oo B o MK W B Y o0 E_ A B I B once-through steam
generators(0TSG) 4 F A 7 & A K & > Fl3t 4 7 Ak - o7y
OTSG s e AR v qpql2 p B 3.3 3 MG AR £ 23KH -

COGENERATION PROCESS

»
Gas Heat Recovery
Turbine Steam Generator
Natural .
B

COGENERATION

Electriaty cled Water

N O A0
e
2 20 2 B '
I i 4
NN RN
N R
R A

Alberta Electrical SAGD OPERATIONS

Grid |

Produced Bitumen

B13.3.3 MEGAR x24%K#

2)Laricina 2@ :¢ > 98 £ 3 ¥ 5 - A FEEEBPL T > FE B
Virga Ry & FAER 2@ Genuity £ 5% Laricina 2 & 0 Genuity
i & Laricina #W# = @ Germain # % ° Laricina =@ W A 2B |}

212

B D11y ;‘l’ﬁ ARRE AL  W ,ig\;jq—"; o

3)Connacher = # :2013 & 5 * 18 #1Calgary Herald: Connacher CEOQ
steps into storm Connacher, Shareholders seethe over

performance

Pt 98 & B 7 B - MRBEP L DD MR E TN P
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Genuity 4& & #* i #) = @ Great Divide %% % - W#H 25 > 5 ¥
- BAEFTHE O RIFY 88 ok E 9 YR

Connacher = # » 3% = & f# &% K& Joint Venture % & » & £ CPC %
4v 40%3 ¥ £ o Great Divide % = #H3F e+ F > 2010 # 5 ? & 0
Y TR 2012 EAE EPR > 3EE A 24, ooo ﬁ/% N
(&8 12,000 /=) A Algar SAGD % *5 Fuid » & — FEEIEIES
2012 & B 4pad g &% 2 PAERREY 2014 & B dpaE i o ;’/; o #2012
#2 4p m,ﬁ A mod 32011 # % e Ty jax g 2
PRERSEFTA BT 2012# 27 ¢ GLI AR 2 P EATHREAE
FHERLE = z\ (s 487 E TR o

¥ 4395 2012 £ chConnacher = & # 4 (2013 £ 3 * % # )Great
Divide #H® % - #2012 # A & M35 X | gH k3 E> N5 &=
TAT3 4 o Algar % % 2012 # 2 £~ M3 & X | FH R E > 73
# X 618541 > I A @R ey v e 47910 4.60 -

B 3.3.4 #_ Connacher = # &% - Connacher = # &3 ¢
5/23 % 0.085 4r o F L k&R http://www. The globe and
mail.com/globe-investor/markets/stocks/chart/?q=CLL-T

"
| ”H h M
ol SV, W AN

Bl 3. 3.4 Connacher = # &% i
4) Southern Pacific 2 @ :(i# #) SAGD B $k3 Fh 'k (%% )

?ooe 2011 & % — #6203 Southern Pacific(STP) = @ » %
o F l{LMCKaY/F"F/Q%S‘:m%}:ﬂ?B‘J ’ © ’}f_? 7 ‘—Ma%‘fp}g E’\;amljg-}??\
FTAFERY DR DB SR Y D Do RGTRIE €1
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A s ¢ ik ¢ v STP-McKay £ i‘éﬁt 24,000 bpd g 7 A& e o
2011 # STP 32 5 McKay @ E’/% 23 R A > vk E b

vkt Lfadan 2ig AW (lean zone) * T 12

(shale barriers)- it 2 & rﬁ‘é Apor A_Rampup = B FAH KK :TD
Securities March 21 %% ~ 47 > % 7% SAGD #FF F &A= F %+ eh
&%E”%uﬁﬁﬁﬂgﬁﬂﬁﬁaéﬁi;lﬂéﬂﬁﬁﬂﬁgojﬁﬁ

o

3R %2 TR b —

His i HATERD P S P EFT DR A0R] 3. 3.0 AR W E = F

%% -11% Southem Pacific
% -21% Ivanh

% -26% Athabasca
-20% MEG

-23% BlackPearl
-32% SilverWillow
23% §unshing

58% Connacher

13-Dec-11 13-Feb-12 13-Ape-12 13Jun-12 13-Aug-12 13-0ct-12 13-Dec-12

B 3.3.0FTEMF & P RE AT R

NP O TR . T

2012 # 3 * Sunshine j# #) 2> @ ¥2 CPC B 45378 » ¢ & ~ 7 CPC
pew LB R34 £ %+ 4047 (Calgary) Sunshine i #) 2 & & {7 3ok
Bok#11 7 CPC p3Re BRiBHEHRT ENRHFL O L0 U 1&
(T & F % 0 & BBE Sunshine 2 @ Wrsba » AW AL 2 PR
REFHFTHER
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T RETRRTSE

HEe PR KLFWEs4e7:
1. Grizzly--- Algar Lake, May River, Thickwood
2. BlackPeral---Blackrod, Onion Lake, Mooney
3. Cavalier---Hoole
4. CNOOC---Hangingstone
5.Total,Sinopec---Northern Light
6.Laricina---Germain
7.Bakken F b g
i RAeT
1.Grizzly = @ 12 = >+ 2006 & >75% <4 Wexford Investment Funds &
3 ¥ 37 25% Gulfport Energy Corp.> Wexford &_Grizzly «hi & 3° & %
oo Wexford p wmidk 3 &7 fFFHE A, - 2013 5 =Fv7 4
A Grizzly ~@2p#3 70 1 > e S 27 4pi1 > 7 800,000 &
W % P T 27F > 65%¢:his B3t 2006 f- 2008 £ 2 B % - H
B 3 & >t Algar Lake ~ Thickwood Hills ~ May river = B3+ 3 » 532 4
3 Devon Jackfish ehigsk» & » 2013 £ & = = 1 1548 & % > Algar
Lake % GLJ 3% Proved+Probable(2P) Reserves 3 1.14 igfi >
Contingent 2C 7 1.49 fti > 7 £ B 3 - 4] % - F# £ 5000-6000 i /p >
Fpt 2013 # B4pii § 4 A - ERCB @ %8 11,300 bbl/d (74 € » 3f
T*E% A€ ¥ & 21,000 bpd °
)*IP @ & &Rk ~SOR3.0~ 2 &+ Jacos 7 Hangingstone ~ Grizzly
v S o @4 Laricina 4 > BaFt 4 ¥ gES 50-60 K 0 #1022+ infill
well » Grizzly » 3 éﬁ&é@ﬁ] vk oo e Grizzly aodfics W S 2] -
8k Grizzly ~ Laricina~S @@ .2 & ¢ L x4 ch= R Al &
WEHF 27 F4F > Contingent 2C 12 Laricina & % » S = @
= 2. Grizzly f%* o F# Xk http://www. Grizzly oilsands. com/
oo P ok & % 25 % g §_ Advanced Relocatable Modular
Standardized (ARMS) » ARMS sk s §_fi- e e & > fic e ¥ >t 60-90 =
Pz d o ARMS Sk RRF AT R RS T 8 Ffi o FF A2
BESE R 2HH  FF R N4 S EF AL AR ARG

HLTF -
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http://www/

2. Blackperal: = = & g 4i 92+ 3%

7 4L %k Jn :TD Securities 7 Robert Mason, Managing Director,
Investment Banking Head of Oil Sands ~ GILLES Hickey - Wael B.
Halaoui (home oil tower)

3. Cavalier: Hoole » & R348 iR o

4.¢ &% CNOOC: %2012 & 12 * p#i5 Nexen = & > B~ 17 Hangingstone
¥ 25%1 T4 & 0% ¥ ® ¢ Jacos (Japan Canada Oil Sands Ltd.)# i=
SE A ¥y 5% ey 0 A &4 A K E MacMurray K 0 5 E A
APERPRPER 2 = 04 T2 28 3D Rplc e 48249 ¢
#2010 & 4 i E AT AP ERFFHY 502012 F 11
TEE R 2016 EE AN A F A A VTR N 220 RBf 0 FP
A HEE Nexen = @ B2 m 8 d] > p a7 i 3% EA4p M AR
Flo FRBRF P FEIERGE? BH g2 iR TR KA
http://www.jacos.com/CurrentOperations.htm

5.NLP :NLP 3+ #_Total E&P Canada &2 SinoCanada + 3 > i #) #
F B R G RRE] 2 31T B ® A & * Athabasca @ 3\;}? 120 =~ 2

Fewo MR E F BN A0 gEE Low. Best. High estimate 4 %] &
0.98 ~ 1.67 ~ 2.07 billion- bbls -

NLP =4 & jidg e 35 = 300> % & B & (Mining) ~ % B~(Extraction) -
¢z 5 (Upgrading) -

DEEBEBOMEFRT K P HIEFT NN 12%
m@P FRFFECONA A EELFEEBEY  BHEL AP

Mﬁn‘fszmm»bb#ﬁi*ﬁﬂ??(ﬂ44@\““1&)-1%,1@“@%
"t’i@*%ﬁ?%’ A E) 2 R uES A 45V F 100 W F et
BV A00 W > PR A B TREL S FE kv - AT R
T ERE R Ay o F Bk > o W3EL A K P
e
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UNIVERSITY O
< CALGARY Oil Sands: Overview, Environment and Regulations, 2013
— T UOATON

Typical Oil Sand Cutoffs

* Current oil sand cutoff ~7% bitumen by weight
* The ratio of total volume to bitumen in place is also used — TV:BIP

TV /BIP= T Vi
Bitumen in Place

Overburden \
i aste

)
\ \
A 4

* (TV:BIP) cutoff of 12 has been set to determine pit crest limits

*Processing plant recovery must meet a certain acceptable level (at
least 90% for bitumen of 11% or more) to avoid sterilization

B 3.5.1. #%&®BH

2)F P FPEAR #2300 R F v fc(bitumen recovery) -
@ iR 2 (froth treatment)fﬂ%} -k (tailing pond) e

B § % (bitumen recovery): * Hiid F)REL A Ak P T &
L ok M NS LR AL S SR LR /R R TR
hydrotransport » Hydrotransport mﬁ%]ﬁ XA FF o VR
B B f e B K 2 W Pl 1 AT R ik g Bl - 3
4 3 B (Primary Separation Vessel, PSV) > B] 3. 5.2 i & & # B (PSV)
AR E o PSVER A 2Bk AR R B A 7 F WA A e R o
FRi L RAH » FIRRE T foF A S ddir ek > 1 20 A st
e B AR fowd FAT 2 K2 WEET iRk G
B ORT RF R ook s A B G T ITDAIN .

B13.5.2 2 & &~3EPSY) 3k &

&%,? 4%@‘1’(Fr0th treatment): 'F']‘ ;«"_.'fl | '“:5]{ ;13_/}54_%/3 % ¢ E‘ﬁg%‘
ékgt:i” ’ ]%] 353 % <L/ /k@m AR 0 (8 R %’\@F /E/kmp/‘fpy}\’? "’E’t)fé
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Oil Sands: Typical Bitumen Extraction Unit

Conditioned Primary
Slurty Separation Cell PSC Froth

Deaerator

i 5 < Steam —|
"9 primary Flotation

P8 | s o

Tailings
Froth to
th
Treatment
Recycle
Flotation ——sWater Pond
Tailings

S, _Tailings Pond | A
Bl 3.5.3 i¢ iR AT e AR

Be-k# (Tailing Pond):4efe 4 i -k for) ek g B 8 30 i gzkcdt o
Bk P AR (clay) gt B B Bt A 0 FR 3 S & AR )
300.002mm > FlARY chend oG F P F THT AR € IR kD
A oo i€ Bgok e kR K (hindered setting zone) 35 0 7Kk & e
TERAFAMZ A 0%20% 2 B o ipu kR K g dEARES 5 B
fm‘*%n« B 3.5.4 F_DDA AT eriidg » ¥304LS R  E AR
42‘!’—-;1 miﬂ 7} ¥ (Dedicated Disposal Areas,DDA) » — # e77F it
Ji Z5kPa>b#eT v & viE 10 kPa & ¥ 740 Bk
- :é.nj% WA e B p iR 5 & Syncrude ok ¢ g
EE o S E R AR E A o

a(ALCARW Oil Sands: Overview, Environment and Regulations, 2013
— T NG

i, s \ = /T 1
il j
i Ao
.............. i
X4
Extraction And froth & Fines i 00A sebapeang
Treatment Process "_“"‘l - ’i‘ "
s poc ._L‘
""" [_ DDA .

B 3.5.4 DDA jaJ2 e %

INLP e g L L v fcig o ¥ ol > 0 & 52 3 %
T3 AR R S R F B 0 S ARAC] 355 ST o A E B
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3R (> H_% A 3P~ (deasphalted oil) » ;2 # Z B-d 2 7] e & 4 f2 Q424
fE E X R BAEPE TN RIT 450 i élé: F 1 WAz
7% £ & (Delayed Coker)# #2 » NLP g 1 @*glﬁfd TR AT
FITHIRFASoRAT SR a ANd 5 % %G 0 BF
B Gt d WRRY - EFFEFHRRT - TRTHN &
AT HARE R R L > RS gy o Bt
BTN RE LA E 2 E o Long Lake chf i HlazE - 4
s 2 E . E L % i
http://www.stocktrades.ca/intermediate-investor/canadas-oil- industry/

Warm Water Diluent

Deasphalted Oil

Asphaltenes
sphaltenes Premiur

Fuel Gas Sweet

PO\TQI‘ Naphtha SCO
Steam ~ Diesel

Fuel gas HGO

Hydrogen

B 3.5.5 NLP # & F s frec F 4%
(SDA, Gasification & Coking)

6.Laricina

7.Bakken F Eid i g

£ AR FTEEF W E T BC 4 o0 Horn River 2
Montney'Montney 1 # % ¢ 7 F £ #70gdsc g ¢ v HornRiver
4o P 4 £~ HornRiver # Montney i & 4 £ 8¢ S iy ok 4L
5 k@ I B ®F i (Petronas) » ¥ # 3 F 200 m% & A4 £ < BC %

BRI ARFRE 7422019 # A BES B EF L 60013}'3"}j
NG B o o 3B g b % 3R k’&‘%fr?/ﬁ%gg\. B %S
RFFRERE O ROTL aEY » F¥2 1 ASEID 5


http://www.stocktrades.ca/intermediate-investor/

FaF b Eens B p R 2000 &k 4 0 FRT H4 02
AT A 127 F349v 232 > BERIXARF AT ST A
2 - RRERAT RS ARF AN R FEBHRE EF A
%> 3US/IMMBTU - Exxon Mobil % & i ehe = hflE- £ &£ 3
150 7 =z -{fﬁ};ﬁﬁ’iﬁq, 22k # A 65 gHEpR L W iTh £ ,2016 £ £ %
PAEAERFAERET B4 PR B ORI A R A F
BRUEEF 5{%§.Lif‘ii)§‘5 ‘/T.:md\-ﬂk jUS$6007OO/F*P Iz g
T LR e SR E A L s AR)K) US$L200/4 0 B F A < £
AN RS o P G L i B 2 T N RRCTIE I G ¢ R
Hgovimigis C4 1 2 FRBTX)RALA L & ZHR P A
RE- e -

Bakken B #i#d 2009 # 17 p A& 10 g4 > P 34 5] 2013 &
4 " T2 g 0 A S AP B AR ETIEP > £ ®EIA » 2013
E 6 P F A - F AN BKE Y F o http://www. eia. gov/
todayinenergy/detail. cfm?id=11611 > 195 % R i 3% B ATH IR -
FRT #0 BFE G ° 480 1T 3 T 580 1T P ALE Bk T 4 &
kA @’ﬂiﬂ:ﬁvﬁtJL.g P ERFEPN S F A BHIET A ETREIEH P
AT ERESN LA BT REEEFRFOPEIELA L
FEERERIY 7 90 &4 > ConocoPhillips P # *t Bakken #
s e F o Bl 3.5. 6 £_Bakken formation > F# ki :http: //www
worldoil.com/May—ZO12—Bakken—Three—F0rks—Infrastructure—tak
eaway-woes-only-threats-to-high -activity. html

]

The Bakken Formation was deposited in the more
central and deeper portion of the Williston Basin.

Saskatchewan

- \
o S, Manitoba \
d I ‘
B
S \ ~ Eeemal
=~ N ey
‘) : — Bakken
» L Formation
p E : ;
| ) Y\ Minnesota
\
: North Dakota v// \
~ A
N N 4
Montana i 55/
N %%
N %
| \
Wyoming | 3 South Dakota
|
|

i8] 3.5.6 Bakken shale oil map
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kT # (SAGD) 3k 1%/ -k & 83 £ K%
Ly B2 ARG 2 HivRE

PATAARE LRI > B4 s A4t A2 F
10*’1@ﬁ“7*%ﬁ%ﬂ%—’5*4%%‘@§g£1ﬁ,
ATl R A — ;Zijﬁ“ RE 21 X epFERE o F ey = H_% Magnetic 1
il E e H ORI AV BT EBK 0 - Rl R 2 A

foix » # e Er#ﬁ IES R IEY R T i R L
Magnetic T pEdg > #7105 K epEdE v B rra i F 4 A 45
B & e0¥RA %400 A ook TR 4800 f 0 # jE¥ d 70 3 100
kL2 fed FH LG BBATH -

DB KT e RRE A R MR A B

A ks o TEEMWarm up)fF B E F L~ £ B & F % (steam chamber)
A ZF EHEFEANRSET F s A gAY G (%
Seng s w ok BAIF RF M AN FFIACETEEF L AR

,:r,
m
95% » iz » m‘*?ﬁur%%*%ﬁwwa%’wsfrf% £
AF KRR - B FRBEIREROE el R 5T &
R g

N
(A
o it ~

%E;-%fg%;’;fj&{%/ﬁiﬁf # B (Circulation) » £ B 4o 2| %72 » # &2 4
2z Fengpg 2o 4pd R 4e™ 0 i #T’t/._@ife e ang B
200°C » 2 th— BPER 15 BIiLEF > 4ok ffbnd Bamg B % 5 100
Cre™ o Pl F X AP gL FF 22 g R S 2000 4 -
R 2SR BAFF 4ok FoE R T a5 100C (100°C £
F) G g R ARR 300cp FUnd ) B AT A S RARE Y B AA W o
FRFIB -

BRFE 2 (4o LMRF TR 2T FHESZORF Y RX

# ESP(Electrical Submersible Pump) i > p =@ # % = 5 300 % &
SAGD #+# * ESP §[jf > ¢t 4 AFFE a7 & g L FH424 3
#](subcool control):§ & + ** 30°C » #73} 424 #+#(subcool control) /g
)ijl%nfffrif%' BREEY A RipanE R aL > B 3.6.1 2 f0E F
BREERAMGE A8 pd adFd 2 b FA_ AR DR
A ESP FlFrefc - A4 A B R g o AQ4 R R g < RIRAP
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Steam Saturation Pressure

nnnnn

Ml
[N

Bl 3.6l tefrk  BAELRS M HHE

% ESP §f %;ii‘%{SAGD S PR fct A 2 B E TR
SEF A BB RSB PATL B2 R T 42415 10-20C 2 7
ARAZAERGIRIEF 5 ESPRIF D& F o b4l » 2 FF
2~ B4 % 1100kpa ’E [t foz s B4 £ 1100kpaff$ e Rk F
BR L 194C > 7m4 A2 B R E 40 174-184C 2 FF o

2. BRydxdl ~ ESP 3k (TR AR 3

NEA A A QR g < R

E b R AR TN G R '/'%?L E’lfa‘&ii‘m4ﬁ ii’g
ARER T EHAEFLLREG ] @ﬁ*””tiﬂ*ﬁﬂmi*“‘
~ Weatherford 9 2% % > & PRI oo /P/J{__L—..m//% NI F 4
BREFEHT D DAL B AP AR R R ‘,,,-Lga;}gg&; fis
d R HP R Y AL 7 EE R ZRE DT F o RBRERAE
Ja A LA R 3620 e R AR Y g A I E
BT AR CBEAN T Bl TP R FEat s Lo B F
3 RERMAOEE 2 xifvéfﬁﬁ,‘%}*fr«}__,{l_k\’}fr IR 1A S A
i Cenovus f= Suncor $RiELi% % ig™ & hY 3E o
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Typical Slotted Liner Slot Configurations

Weatherlurtl
Straight Cut Keystone Cut Rolled/Seamed Top
Slot Slot Slot

B 3.6.2 RI3F K # foip e 3] ik

ESP §Tif 4% (R 3L W a4 A% MRGFRT @ * ESP >
4od # Ear 250 F Rl R ESP B~k A 1 A ZF Ak si(Artificial
Lift Applications) » & x 12 % ESP 3% (Fehd & o i@iﬁ*ﬁa— B A3
¥ 8> 345 Schlumberger % SAGD 2 2 #7i¢ * chESP & & cnlizt »
T2 30-36 B * > Schlumberger #77] HotlineSA3 1t 3
Hotline550 & ¢ * 3% % 30% - Statoil = Leismer # % » f i * %3130
218C cHESP §lif iz 5 7 2% SAGD it 37 4 (v { F P/t 4
Folf B o Arraeek K3 250C 0 ESP FIp o ESP Fif g pe &2 p
BRERA i pleidpd B~ i § HESP FF 4 SAGD 3 FH i
BAETEPERG A B Leismer % % erie ¥ EPS Fif
250C find &+ £ 1300 = -
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bR A B £ K
1) 432 2A&H

= e #j3- 4 P~ 1¥ ERCB(Energy Resources Conservation Board)
B4 Ad a8 bER ik A L EIP 1 M NiRF
Ay wv{?*w;m£&dm?ﬁhawwiﬁ ® 1 B F ]
G ¢ LR HrauE R AR bR E AL Sk EE A
ﬁ‘M¢9%ﬁ~¢$%iﬁ$~vﬁﬁ f%ﬁ\%ﬁ&&\ﬁ
% 1 (Evaporator) ~ 7 fF $hpiedt 2 R K K P AW A KA
3-4 BV A R SLEERE fﬂ?ﬂ% SR PP EREFERLR
bR G REERDEE KRR BAESPE H P R
g R F R R

M- FHRHEH O TEFTATOF AT 4361 F ?1 1CPF #ir

EFALAF A F R ARG THmEHE I HF AL D
Z 4 Elf 4y H2 o
%\' 3-6.1 %" & H T\ ;_ __‘ ’% F’FJ

BEATH Capacity| ERFERHC T2, BEEPC)C R (@)
rh L g P 5 (CPF) 10000BPD $164,804,000 $20,600,000 $185,404,000
HE(Well Pad)-1 5000BPD $10,829,000 $1,350,000 $12,179,000
HE(Well Pad)-2 5000BPD $10,274,000 $1,280,000 $11,554,000

45} %@%ﬁﬂ??ﬁé?*%i.%f_év’ﬂ” Vi T o0 R 1 i

¥ o e Grizzly # #j = ﬁij‘%{# Bl > v g * ARMS (Advanced
Relocatable Modular Standardized) + »* 60-90 = p % % % =& < 8000
bbl /& + 2 & ¢ & rJZ 1 H-(Central Plant facilities, CPF) » 7 § Z

4§ %% % 20,000 bbl » Z # 224+ SOR (steam to oil) |- »+ 3.0 » #712
AF AT € EA BAF B fem NEFEFERAL T L
IHHEERE G BRI o

71T SAGD ¥ 4 AR b A B 2 H B (TRAE

4 SAGD vk T4t #14 g g F 2 kfor) 0 B¢ & Aga
B BURAvR 2 Ao o~ PR MAER A v g D SRR AR
T HRF 4 AEARITA 4 hf A S (condensate) CPF 43| ek &
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aw@%s, AT Uit B RIL R P R R KRR A

AFAAEBSFTEA S F v IS o

Central Processing Facility

Recycling

\ Bitumen separation

B 3.6.3 ¢ & Ba® 1 Bk G

CPF ezt it B 2 2 & F A% 4o » 52550 > 974 “"m/ﬁ%i
KferyREFEF AR P e 2 J\-,""—‘T’/Eﬁp M E R ARALER,
Fd MALREFE KR T BN, B LR RS RXF RS D
AAF 00 Ry P SR B R e SRR TR AR R OF RFVR > 3 & &
R E 4ok o & 1A (surfactants) » i F 2 -k fo#) & »~ i -k & B, (Free
water Knockout,FWKO)#, - i -k » 3t £ CPF /ife® - B £ & %
BB P Ui koA s gk e el L AT slop HE W
i3] FWKO £ AgZ- = o #fr st it f £igdn s 4f it chd 8« b #)
D RIL B A SRR R RTFRAY k2 kA G R
(BS&W) 3+ 5 0.5% - 2 AT & & NAFRE & > B 3.6.4 £d -k~
b 2K AR A Sgrdgd T8 MBREDR P RFREDT
E‘Er'*f’:‘ri;k;‘i—’;‘éy%:’*i’:@?]%%ﬂ P S £ HRRET e & T o
REPRIZE AR F ¢ 455 kA (FWKO) ~ K2 # 2 # F e
# (skim) ~ 72 # % #, (Induced gas flotation, IGF)frﬂf 7% Jg 4 (Oil removal
filter, ORF) » jd -k » &4 (FWKO)ehw 4z-k ® 2 34 & i3+ 2000mg/|

i ﬁ;(sklm) (s 7 & "% 1) 200mg/l > 5t F ,:;-ﬁ;(IGF) BRI
z'J 20mg/| IR o (ORF) {80 7 £ 1) bmg/l > ‘g5t pJdZ 2.
s g 4~ i{%;‘fé v & 3 f CO2 4v 02 f¢ )ru? i€~ 7% 1 (Evaporator) >
B e ok e A R }\fﬁ » 7 & @Y (drumboiler)® -
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B 3.6.4 jd -k A 3Ede &K & AR

KRS AL P L F i (IGF) | $king Wi ~ iR & e
MokY o G UEZF ARG F F A F R i A
FobeER FE ks g FHEE o FEER M FaE
TR @ 4#4‘2 E T Aw o B AIF E AT N W 7}<Av\%%p’Aker
Solutions & - L F FH AR Fo L ¥ W £7d 50-500
mg/l > 1 * J\l BRI F S B R R 8- E:L%?i%é_r‘%
kP oz £ M 20mg/l e

AFEREITERY C AZF KT B EEA B LY F I
D FRL R0 BT E & Mg Dw TR D& B L R ] 3 3 ppm % 2
]t:‘_r? %% (Total Dissolved Solids, TDS ) » iz i /i 427 #-97% K £ i
R R 3 R S - R E et S Tk
KA R PRA L AR IVR BRI A F oo - R BT
FEAM KRR s RERB ORRRICBASF AL B R
2z (Zero Liquid Discharge » ZLD)% # %ﬁg e F AR o R R A

LR R R AN I E LI ATARE S 2P BB
$L o > )4 Suncor £ MacKay River ;léi%ﬁ:’# ZLD H ks o

-n\

2). ¥ 43 AR AR IR WRH
PEAARARFHITEIF TS F B P T2 & R AL

A)5F pp’ff'z"’i@»'h B AL R o

B)shig rx S 2 Sl ikt b o

C)p a2 A K3 B RETH I o
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Mﬂf@&/ﬁ‘w* KE:p w3 @ i>a TKE SAGD 3+ F
ﬁizkiﬁwrym%’w Akméﬁiﬁlﬁb’umiél
WRFQF W14k p3 97% HSAGD 2 A3+ % » ¥ w4z 75%
R EF A BEMTIRGEE MR PR T s e

A) - =5V Z 4§ A2 B Once-through steam generators (OTSG): Z_p
BF R e TR m g A2 B o RAS T A (Lime) 2 53 p AT
THERIL 0 g R el ",f,ifa’;{r LR e A S BengrsRi g ot
P B F 75-80%k AR EHE 0 FIT mf]*ug%ﬁti% = B K R
moRAALIREFTF ALK E 094 o Surmont 2 Larician 7
Germain 3+ &% ﬂF'rs;,,t * L H gk o

B) #R# RN X% Biotp: Lp v ATH B i ¢ 3 Total
Canada ~ Connacher ~ Suncor #:#* » H & & 0 B\ 2443 L0
(Mechanical Vapor Compression, MVC) {r4#&¥g (drum boilers) » MVC #_
Bw RN HPFFEMN G BL S P o L EERFHHR L F R
FH BB B GRS VHRFER D BRDEF VTR kPFE
AR PR RDEF Y TSRS K o E - BT RE ik
Mo RN ES B 4o Bl 3.6.50 B ES F O AR
4k ’31'3]"!-:.'1 B AT g R U PR 2 A LR T
Fij4eark S 054 -

Brine distributors

Deaerator
Wastewater

— A

Distillate

—
Heat exchanger
Distiliate
pump

Recirculation Compressor
pump

B 3.6.5 5 5 B 5% 55 B ok &

OTSG fe 4 Femt i %% 0 F# B 420 OTSG 5 30%
2 FHEBAFEPTTSEA B AP TA AT F K 10-20% -
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I R AFEMEREFRELIRA 0 RS #_ & A B
366 LOTSG s B omitie dorm X 75 £ 2 ip b 5
FREAT AL DEF EUFMER R E o 10% zp’ﬁ»ﬂ?mm
¢ 8 3-10%:E 3 F B -

Separation

BITUMEN-WATER
SEPARATION

X
Steam Generator Blowdown
i
3
z Evaporator
\ 4 o
EXXE E wl !
g g1
Extraction z :
S e g
oftening [ 1
g 1
A > H
= — B '
1
1
1
Diluent !
i
Bitumen/Water :
ro Li
scha

B 3.6.6 OTSG vz % % A2t fi

C) % % %8 2% (Zero Liquid Discharge > ZLD) @l #7: & * tho> 2 #
s T PR Rk S E A RS S R R BY S ATRA
TEFEN RIS RE PRI RTRAZ IR TR
ks 5 0248 o ¥l Bk e P a0 B MRcR
PR chy @B F 4k A 14 Teuﬁ % £J2 5000
g5 & i AR R, E F F 2 A0t B3, Rk T r 2
A ml\ﬂ 15,000 bbl/day » 1218 % ¥ F & (T a0 5% o kv de F T i
90% > RAl&F % ¢ 5 1500 f§ crfg k& * + BF N ¥ -+ & F 7 {4 200
ﬁ’wu4%£;:%4ﬁ%@§wo

D) *ti £ % % * enE § 6% (drumboiler)3 D~A~0 = #7]5¢ >
D 3 cgbip B f AL 0 20 b - F T G - R
LS R R S AL EC T A N SN
BB D o Al endhp L ST - F 4 T T G A BANER 2
A el DAL O e L - EF T T -
PR AR R E R R IR S Y R
PERF SR ETRHT O3 ity B8 S Al 4o Bl 367
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T G Mk TRE I EFER RS R B
Foafang c 2 iRy 0 B P BE & E g izl
4o 5 S g R %Wﬁﬂ@%]%%ﬁﬁ%%*%kﬁ%ﬂﬁﬁ%
A5 dedhle XMRP G B e E AR AR o

s

it i
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= TR ARATE G —— @ S s A
3% (upgrader) B ¢h

HBF APl 5 8 AR B tazid 1000 B o delg il KB
e AR B2 R AU E IR R - B TR E R R
Ho4p APL & + 2519 4k 350 cSt@ 30C > % ¢ A &7 § I|H 31
§F 2 LB SR S

2.7 TR Ry

Bo s cfnd J W £ S B R PO AR 0 T S R P
R (&S Ra) il ave RS SE R frmg 230 > £ A4
Bod g b o MBS A AN F o fp B g AT B
ST et F o BAtee i 2 ALY $ 0 4o Suncor *t 2013 & 3
P28 ppeE gk 116 fdcii e Voyageur T 0 5 Bl R
Suncor 3g *F B & {7 ARG R g E o Lo P Total E&QP - F
AL KR+ 4oL 4297 http://www.calgaryherald.com/business/ energy
-resources/Suncor+Energy+\Voyageur+oilsands+upgrader/8160850/story.
html -

Syncrude ~Suncor fr Albian(shell) # 3R 3 #& siec B @ 4260 &
Ao B CPC 3 R %% NP » #rris 3Rt @ siee Flapeni u
Syncrude fr Suncor i * % & @R frse & HfFEAE > @ shell & * %
R A E AR ot § W R EAR 0 4oR) 3.7 1 Tor o

S
Syncrude O

Suncor

—_—> — Hydrotreater — Hydropre » Diesel
Heavy feed
with high

CCRand
metals
Gasoline
Coke (low grade) Sulfur

Diluent
Albian

—— — | Distillation —» HydroprocessOF————— Diesel
Heavy feed
with high

CCRand
metals
—» Gasoline
Asphaltenes/oil/solvent

in tailings pond

B3.7.1 HFerpfcFaisesd

43


http://www.calgaryherald.com/business/

1)Syncrude £ Suncor &8 e A2

Syncrude & ey A2 808 F 7 LG R B HW FORET &
AW 400 CepfFin™ » 7 % - B2 > 2z s o A o
Ex-xOHBE NS RPLEPR o S RAZEE0.5wth FF
= = e fz > #712 Syncrude tun it A B 32 6 £ 3 LC-Fining
P I e F Rk E R A 2 R
ﬁ’ﬂﬁﬁ?mﬁ‘%ﬁ%‘%%ﬁg‘ﬂﬁé’é%é%ﬁ%‘%
o~ 2 B g o AR R BT B LC-Fining 1 ¥2
Fefted 2> B no g pideg s s g 2 LC-Fining 1 340
g dgent g o LC—Flmng A HhA S &L - g W s maS L 85%
i x5 65% 0 #r% B o0 LC-FiningGSM » ¥ £ [sotreating -
[socracking & » @ 4 2 { 5 aug a4 o

—

m

2) shell eex Bz

shell ehea Frindead & BB 0 L GRAARR > B> hd Fid
LR A g @wm&%jn%¢Cﬁm@nwwv?%%?ﬁ

RFFF 0 FAS DE S A XD REEE L HAEY
feo b d Hptle e d e F e F Lol L ARERT F
»@%ﬂﬂﬁﬁﬁﬁ’ﬂéﬁﬁi%u%zwﬁimﬁfééﬁﬁ“
RPEEIMBEX ALl FhRALEEd A RFHCZTF 52
A- 1 &= R4 1000 ~1800 ft3 eha § o 4vd @iz &
TEE Dol F o WP d FaE D jwﬂ@%AEprFal AN
Feongp o A ABREF R TR 2 L0 FTH KA
http://www. shell. ca/

A v e FHARE & 4T

Syncrude Phase3 Fluid coking/hydrtreating /LC Fining

Horizon Phasel(CNRL) Delayed coking/hydrotreating

Edmonton(Suncor) Hydrotreating/LC Fining

Long Lake(Phasel) Solvent deasphalting/hydrcracking/gasification
Voyageur (Suncor) Delayed coking/hydrotreating
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http://www.shell.ca/

AOSP Expansion Partial de-asphalting /integrated hydrotreating/LC Fining

North West Upgrader Hydrocracking and gasification

4). & & Wz FRARER AR % & (Coking) ®W A2 ~ 4r &
(hydroprocessing) ~ #t %] (thermal cracking) ~ 4% % (Fuild Catalytic
Cracking) 2 i3 #| 2 % & > 4 '5-3 4| ¥ B~(Deasphalting) @l 72 - % & 4
A2k 7 b 50% » Fwitim L R RARE H Rk B

Pt B HEEE 1 S FRE SR o A Bk 50 B 1990
& UL HERES R BB ELIH B B AR B ok
R AR ABEAEARFE AR ERIEZAADNEF A
BASSENERF R W7 S Faugfl o

g T &1 3-(Delayed Coking Unit) & B £ * (0 &
Wiz > ¥ 4 ¢4 ExxonMobil #7474 o FLX %4 K (Flexicoking)feoi #
7 & (Fluid Coking) » & f& i & @ AR 40T

AFT L0 E LIS PR FIET RN RFE RER A #E
A2 5 RAEITA 0 A d BB e s Ao i e B E g
R CHBEP IR DRE AR - A FRERENEF TP
B rE B r S B UL FT TR E1H - FT o B
SR AR B L AT M A A AR R IRVHIT A AR 0 AL P R hs
PREHed 1A GEOTING F AR A SSRGS T G AT
ORI B s e Bp2 18 0 S BT 495°C 0 F /R4 5 25-30
psig> i EM Y B HESFH S TR G RF R o TL AR
DAL R E DAY AN - BFERED YL L8 oo
2 fsAependic EB Y - BRER EFT- BEY A doi G
rEEEEP TR ERY DR RIFHRER R o

B) FLX 4 &1 3 FLX £ E1 387 NI E 3/ E% ~ 44
o~ R R R T o R IE A T] 315-370°C g » AR B
o F B AR R 7415 510-540°C 0 A SRS F s B SR A
BESER A A SRS ARE N ABTC L vl F
Te B & i S ERCT R F R BALE TS e R BRE
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ALED] -G e g P o e p Y B RS B93C o A p i B
PR ERF I ROBREDF REY e Hp Y hE R AR E TR
g V% o ERM M REZF ozt z CO~H2 CO2 -~
N2 s E 7l g - st el g d § 1 % e B agid D4l o Fin
tardip e B Z FERAR o F I ®"FT H 60-97%NERF 0 S
BB E T B D R A T o

Cyinit i Bl it B E-HARY P - BF BEf- BYE

® L FLX & %Erﬂﬁg? VAR L % B 20-25%ch AR A HIEE

w%g4ﬁ@%w BOFLX GifertAein it 7o & R AR i i 8 4
> B e B —‘"rsu xl&ﬁ%’%ﬁmmsnm&}t'f | 3 W g o

3.3% 4 =% T (Partial Upgrader)

w:%‘”ﬁiﬁﬁﬁ fi,?fuﬁ’:zfcgfri?P BT UG B m;;c%”‘r Hp or §
Mg F o R AR S W R o R R A £ TT‘&? d E
MPFE > S F L MARR T Y AR Y hEMe T 2 ok Bt en
FEREE T N A T AR LRIV BT R
BT T R R aHE S s E PR Y - £ 8 IRG
SR e s B e 355 Well Synergy £ 4% |2 % B~4p 7 ~ [vanhoe 3
HTL(Heavy to Light) £ i@ 5 4k ~ BA Energy «4vig *2 32 5 (ADC)
e 0T B it

=

1).Well Synergy---i% 3% {4 3 B~43 ¢ (SELEX-Asp) &l 42

T Bdp b AR s enyn A Bl AR ARAR T T A 3R
P RHE o WARR HEE L AT

& sve3 &) 308~ 9 42 (Solvent Deasphalting Process SDA):

% A isfy%gﬁg{u BALY e F R ARG A DR F 0 oR
3.7.2 E_UOP i3 & 5 P~ 42 » UOP i3 & 3 P~ Az chig plid F 8.2 7
AR > T 2 & MR % 4p e A &(deasphalted oil DAO) > i&
Mg A ST TR EMS A > MPREE ST S AfE1
(hydrocracking unit) & & o jH 454 f2 1 3 > -2 7 8% 9 # (L 2 1
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oo TR (pltCh) g LA Eﬁ;@-?"f‘?f_ %3‘ AR 2 E’h’fﬂ LRI | @#i?r
SRR LRI A € AT BB AL A AW B F AT BB
BB A M A T E B 2 57 SRR E RN A S AR R
% A A BT TRR Sl (FIE R T A v g o
l=

Vacuum ]

Residue

Charge

¥ DAO
£ Separator

Pitch
Stripper

DAO
Slrlppeq

Pltch DAO

B 3.7.2 UOP 3 #| % B~ 42

B AR e d FEAM kB AFRAFRTZE ¢
ifg’h:%zr@‘] 3.7.3 A & chif T R AL F P35 mm_)i  Be® IR R
%ﬁﬁ%ﬁﬁﬁ’ﬂé$?ﬁﬁﬁ%mimp@#ﬂmE'“an
FEAHY T A €A > A BB R4 B wp A R
Rl A SRR ﬁdﬁr? 7% A e E"Eﬁ?'*";\'j"f‘—"ﬁ‘ HE €H
4v 0 UOP § 4| endiBoggp 23035 > 7 "% MU A $0 v o

~

N

100

[~
(=]

60

Sulfur, Nitrogen and Metals
Appearing in Deasphalted 0il, %
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T4k JR o http://www.uop.com/processing-solutions/ refining/residue

-upgrading/#solvent-deasphalting
EREZI 0 Qe

BHMEIP 0 W0 P B el By 4 g
Rl fie > BB Ap b 18 e £ e b S F AL TR T
B R E Aot T EEF I ME A A ¥ 2 T ERE
R A AR RFO F o H A A AT g F P h i Ry
AU REABHERN L B E R A3 RHIF RS 40
o T B EE N - MU RER > B E e 4 £ A02 1 f(RDS) 0 # i
£ e § < £ 44 21 3(Resid Fluid catalytic cracking
RFCC)x Henigfl > m o p @ARB- I enF R4 b B 7§ = Wl 84 32 7
F I3 Ry B e FIAFR AR R 4 iﬁﬁ’ﬂ“ﬁbéﬁﬂ*&m
AR ey R T 2 A € R (S RO > FIIRE T A R
AR 2 X X IZ“a‘,v’zrm%’fX% oA EEM R L~ 3
BRI PMF2AFHHFFD BAE P RE A AFH
WARATA DFRp R TR X RFREE A F

-

4 B oE =

% B - -
FRAExEF oL

o

E
F

SEARE - ARTRR E o lar o 2 e B E AR Ap i 8
ARSI BAEFPACRRA AT T AR TSt WARR
B AR (T8 W TR ur_)ii’ff’@ 4 g R ITERT AT %15?@ xd
Moot WAzenig L AR 4 2 D kR T o A S MR
# &-(deasphalted oil DAO) » iz 4 4 & 5 5 B4 » 2o A e ia &) 5
BEER £ o L FBEEY G P A - 28 BJRA £ FEgd
ERFNEMS A S 4B 3. 7.4 EEH BT 0 W o
g e A F B AR o LA B s A AR
'ﬁ - egp o BT R REE S EREI B0 WA
R G E e
R E BB AR (A R iRt B R R 4
CEDE AN 2
CER A& - FI
FBEEZ SIS G Sed
AR 5 5 BRIV R E AL 4
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http://www.uop.com/processing-solutions/

Pressure

vessel

Low pressure

J' J’-T.f, 3
s

_I 3
w

Steam Steam |

B 374 EF L5 P4p i Wiz

FHM I B p 0 "W ARE S dF RS H L g 3] gk (cut point) T
PLPCE P 7 2 BEY U {iosharp 7 € F tail o 4o ) 3.7.5 iE # 1 X P4p
W ] F7 enge il S A B B A A Bt Sl fi o

4
oy Conventional
£
E 12040 }
g
= Tail §
L3
E 1000 | Tail 2
: 3
4 B0 | o
£ P
Supercritical

§ o0 =
E
< 400 |

i} 20 40 60 B0 100

Curnalative waight of biturmaen, wi%

Bl 3.7.5 F 44 ¥ P4 v Az d * P E

ERPFPHO ARG ARG R A XL LR 2 RT T
Feni & fl, 3t 2 B WG 2wt%eiedl ¢ & 2 Bl A 5o et JlAe
R 3 15Wit% e FE AR e Bl A & 0 Flett B AR S 0 15wi% i 4
Ao T fAEanA &Y S AN R BEN S ASLRE A
SR o

¢ R 2000 £ 87 L4 w2 & X 500 W auE HME
E"Jfﬁzv'r WAREH L o B 3. 7.6 A F /M5B dp i WAL TP v

AR IR R0 AN ERE X RFBEFERF LA B FIFRE Y
IFFARFIWOAAMEEFE F AT REZ AW o pw R
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EBEG Y 1000 W R ARFEBER G 1T R 8 o

-
- E S
'[_.-l\-"' .

i g5 o v b - |

Bl 3.7.6 EH 1 5P 4p 0 WARRH I R

FHLEE R UAAERE 2 AT O AR 1 AS RBA
(AR p R ) ih s T 4rd 3.7.1 ¢

2371 @ A AR BlA (B ) PET

Insitu Athabasca bitumen SSP Product

Percent, wt% 100 84
Gravity, API 7.8 13
S, wt% 5 4.2
Ni, ppm 80 30
V, ppm 220 90
CCR, wt% 13.4 6.5

Viscosity, cs @80°C 720 133
Asphaltenes, wt% 15 <1

74 &k #/:2010 Q2 Hydrocarbon Publishing Co.Oil and Gas Journal
[Apr5 2010

PE AR A BT A

Shale oil & & @ @ F 5 % B B4 Shale oil § e

L > @ shale oil =i = g » 12 Shale oil & i&4Lis » €0 LA 3
1B R i’aﬁ CERM I P WV REL N FEAEL S
gl o CPC § w & £ fE4A 21 3 > ROC 1 23t a 3% % R4k
A it & 25,000BPSD’ R F M4 d RIEEOT R EER > BRITHE
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B FCC 13-4 it 7~ 52 25,000BPSD > &l & Pl E_ Kk p 304 & i
WL ZREF M D B2 S AP RFCC 1 3R E 55 2 5
F28FH BHEPEREL G LT REN 2 BTG
oo TR FIAFELF IR TR AT A & f{AR A
Bl e § RIS E 2 W F A 2 K RE R SR TR IR A
RE S L iﬁ;g_méfn R I fvr":fpk' R GAR B
S BRI SR Y BRI N RE RIS F R
ErFEI LA B LA LA BE 2 Fr IR RE &
A Gt F{od & T4 AR on &m0 TSR
A ISR & IS0 F1L 2 T HARRE TP R0
oo L ﬁﬂ%wﬁﬁzf@%&f’ro EXRM? F =2 - FEFHA
o R E P S RAEE A S A E R A & A
*dea BlfRa i;‘i—(hydrocrackmg unit) & € b R fF1 3 B2 7 9
RARILE - S LMD B

2).lvanhoe 7 HTL(Heavy to Light) € j# s2F H

HTL &0 s BB ird ad@ & = ik % (o dd eadf o s B 8 48 -
HTL A7 B> S3ER fok 3 AP R B4R L R EF] 5 4pi =
Aig e It aEARY R R AR ARSI R AS NS E
R BRAFET N E AL T RNT ’g,'?HTLb"’IFUP"*E&J%‘J’A
Br g 4 BB AN 0 IR A ST ALK A AR K EH
Fh e FRFTEH O HTL chdk A W d it " Hx Ry frﬁrﬁﬁ'ﬂ
hF R FRRBEL W L -

HTL @4z * ey 3 30 nds ek hfod 2 G 7 0 g S #t
RF RS RS L (R FHRPAs FRARTR ST
oA THEN o AR 45w A 4 s HTLMF 3t 4 ~ HTL™ £ # 30
AN AEAAE S BIAY C BF IERE T A W oo A R
HTL %42 > &b &4 5| 4545 » # Bk & 900-1050°F 12 chjd 4L 3% 5
B dman A E A S o & 2 EAIVIB)A S-E 5] HTLYE
e ® o AR R 3.7.7 BEor o FOBIRA D BRI » F R BE Fan
R RL REPUEF REEEERSIEAS M L
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I PN ARTEBEPT  EREAN T IIF A S
El & >

A-EZ 3P EELAeFNF o L4 Frsz,,\;@;;g BB E S
FRESR LT, »HELEDE KL ﬁ%kﬁioﬂ-ifém v+
SAFEAFRER I flpaE s BHRE IIFRE o i )Tk
R E PR AR (BRI AR R ERE Y T B anF

o~

g

B abie A ERFILR Y > FIPE é‘p it HTL ek 3 fodf itk it h
ARl o YRR G AR B EAR P B o N ERARY 4o x AT ek
A 0 SRA GO A D FAREE Y S T E W ii‘lﬂ‘:“ IR SRR 4 L= gk N A
fok B Beopn > SRl 05 - B & Fifhaii

\_H

B 3.7.7 HTL @4z

HTL %4222 4p B W A2 0 ;Iﬁ:g F e 4% e
(deasphalting) 4+ » 2 BRI chF B A &
Lo HTL ikt fifd fpib m 2L B BlAe > 7 5
W PEaiE & o Btk X RELE & § hiE A
A5 @ B AR 8L T B B S SR o

5 S i
*ap¢%ﬁim
vd &R

7ok kR lvanhoe 2 @
3.VCI e fr

VCI ez in ﬁin\,@% B4 kB F AR A xfﬁﬁgﬁ.ﬂ y 7
ER UL O IR 7 ?" ?Ei #2 (Accelerated De-Contamination,
ADC) » ADC #l#z ik & & * N k-4 dgentlfe > fliedraL g o
BrenigAz e {F KE R KB ik ek (AT A A = B AR
B 3.7.8 4 ADC %2 USP @Az s 2o B @WARDA 47 & 35 "fﬁ* i

52



(de-contamination oil, DCO) %2 & i 7 -k itp id B« ADC 4eig *5 igﬁg’f%gl
ﬁiz‘ 7\!—\,'1 '§ ..vbm}’{:,'\ é?lj—-'- B ..=f; ,a: A /)f:k‘ Jq'!:' l@ .wu—‘s /2": ‘i f I%\ é ez
4E AR g F B TR v ek s

< E - R < S
a Recovered Condensate
1

Integrated VCI Upgrader [f——F—————=
Diluted Bitumen 1
e

Product
Recovery

Diluent
Recovery
Unit

Product
Scrubber

USP Product

ADC™ — Accelerated
Decontamination Unit™

USP™ —
Ultra Selective Pyrolysis™ | B

B 3.7.8 ADC % USP ##%

= ADC z {4t DCO %—Mm IETASE X L2 R AP
31.7° % # > ADC %422 % DCO 3§ 4 45 fsche B o mix 3] USP
Bl Az > or3) h USP ® A2 £ AZ % # 14 £ 4 f2(Ultra Selective Pyrolysis,
USP)#lfz Az 42 faflliz 3 &7 AJZ DCO 54 418 the [ v
s ¥ 2 ADC @lﬁi‘ﬁ'ﬁ».m’fﬂ oo gt @lﬁi‘«k’f 5ol 3
VCI »+ 47 ¢ siim3p 2 B fk chak & » doim it b B A B F
FEER € F SOXx % NOX A 2 »#712 USP @42 % 4r » Limestone
AT BBER 2w F ¢ Gt i 0 VCI 4 B B4 USP th
Wﬁ% vl F T aE 100% o AT £ s L e BT AL

SR %5 R LIRGHFR AL - ADC il 22 Shell ¢
Paraffmlc Froth Treatment 7 H #f 102 Az > ot =x 333 VCI H 2 & % -
i ADC #4972 11 e b k&6 CPC »

FR AR VO 29
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8. £ p'ikAL

v B E AR D ¢ 3T

1. Sproule/SPE: “4v £ + ¥ % # % =1 £ ¥ (Evaluation of Canadian Oil
and Gas Properties)

2. 0 F HFI 22 A HR -2 ek '& E 47 (Managing Risks and
Strategic Decisions in E&P)

3. b F) B pF etk B R 2 2 A.(Oilsands: Environmental Impacts,
Regulation)

4. PA3%7> T § Fh % 7= 1% (Evaluating Oil & Gas Properties For

Financial Professionals) -

1. Sproule/SPE: 4t £ % # # # % #* & (Evaluation of Canadian Qil
and Gas Properties) iz 3" 3.

3% 18 p 337 22 p SAed miRER o & Sproule/SPE &4 £
< ¥ # # % 3= (Evaluation of Canadian Oil and Gas Properties)A4z.3"
oA RpeniilEie &AL FIRER o 2 Sproule/SPE 577 4 £
<R F BT EEHM o GLI - Sproule 2 McDaniel ¥ 7) 3=
ez < BER 27 > Sproule s7DougHo &8 2 & § F i mits > ¥
woo F Ry ] e (F dRER)P 2009 # 3 7§ AL i Sproule 0 Doug Ho
Bl T AL B RA P b 220 p) ] B (e 280) 5 2 2011 # £ =
L2+ Sproule 34 #) 3 (T A2- 5 B AF o

$* = Sproule #A%4p ¥ i 7 T = Matthew J. Jackie A. Peter C.
Geoff Beatson fe Cameron P. » kAT 1 & £ 5T R 0 o 3
licP GER §F BREFERAAE
2.t £ 4 & PR R F At
3 ﬂ\q\rﬂ\’friﬁf&”q\ ﬂ\mln\LK\F
4, ﬁr'x” FFHA KRB E T EJof2REA M A

530 Frdrimfe & » fLit & B
6.4 F ) 1_3_?’*,« HRTE G
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v
£ oty o ?g}_{u P =
pﬁcﬁs #» RLI( W& & dp k)3~ & > Type curves ~ 48
WhZ Sy o PFREFEFRFE 2 %32 -
R ek ¥l %1372 curve fitting e 4ot B > = & curve fitting
e ;% 5 exponential ~ hyperbolic ~ 2 harmonic » % ¥ £~ e11% i¥ curve
fitting & ;% o 4c £ < 4 &2 324 5 12 Max Rate Limitation(MRL)

o

ARFEFREREE
—%,‘T’R%ié_%%\»;{*"’%?ﬁ%%‘i?ﬁﬁﬁ%“$ [* B2 2 FE T
2R RFRFEETGIE I e 2R G L HE X RF o 2 A
FRELFRFE D% 280 ko RGHHERYE
wwagad A AE AR %1952 curvefitting cha N et E o = 8
curve fitting == 3% » exponential ~ hyperbolic ~ 2 harmonic > — & ] %%
B (% o

AT R Aok it 2

—FERF AR FTAIAG €7 AR E AR P EXAT Ao 2
Tl frgd ¥ FHENAE BFITN AN Tl hg 2P
FULE G TS AELTE G ¢ overhead frFk o R EZE T 0

'r‘,’——ﬂfbf;l]—i- o

1R EfrE £ e
B AR F oy T i anE 3> 4o gas-over-bitumen k4T e 3434 15 £
2.4 o v £ < v A T FHE(Crown ~ Indian ~ Freehold ~ Fee Simple) >

~—

Lad g as TR e v 2 s ’éi Mo P~ T g P HE R
FAERE AL mEE RS- RE F'a%%% 'é’ll}%vn%oxfi
di(farmout)= & 2. - 41 T F - S FH & P A R )I“ib *

o RPRGARATIERAIR AR landman et S TR B 17
BREE AWEPREIREEE D ARF > B ELEFRREE T B
fow o

'miﬁw4g”WMF*A”WUtiﬂﬂjmé’ﬁ%?iiﬁﬁﬁmi
g el & H) R fofd] o BATE £ 72 R A 2009 £ 720 2011
ﬁ@?’%%&ﬁiﬁ’ﬁiﬂﬁ&%%k%ﬁﬂg A%ﬁﬂQ?
D N LA

1:’}‘

~
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DFE &~ &2 4&1%753 Fowoqr 2w oo g1 4
(Wellhead Revenue) 3k * # 1 & & » # vz & 5 B ¥ (Gross
Revenue=# & 54& FA & ﬁ‘«)a‘r“f i# ¥ (Liquids Tar1ffs) v E i@ %J
?iit’{ v de B iR “#T#’% 4%2_ I%' B & SRR l% A TR

BEoWTL# & f"&*“ﬂ 1 DD A S 1% 218 "E%‘”,é = I -V
% WTI = 48 120 4c % pF o

2)F AL M2 TS ¥ Payback 2 {5 fEFI A E 2 S 5 E o

B EF EfI&F R WL & GRS ERAE W I% £+ & 4§ 5 e
WPES 25% > A ISMEE S B d W4 0 3 BF 40%% F 4 120 4
B o

ARRRIFRELD R L

Sproule v GLJ i b ’K 7 4= —WTI ~ Edmonton Par 40API ~

Synthetic Crude Edmonton 34API ’

& ;o —Hardisty Heavy 12API - West Canada Select(WCS)20. 5APT ~
Mexico Maya 22API

# %@ —Edmonton Pentanes Plus 4 & i $35R] o

ERERy¥

ZEIE(NPY) ~ w iz & *L(PO) ~ B F v E(PIR) ~ 374c 2 J1B 22
F 3 @ (DPIR) ~ & F 4R p 5«73+ & (IRR) ~ 47385 (discount rate)
Gt 8 2 @ (NPV) & £ chE 2t 4] eh ) > w fc & 12(PO) 1 4 h i
ko JIEBEHE T E(PIR) ~ 4 E B B2 F v E(DPIR) & % i
Al d > JF fﬁzﬁm Z(IRR)A - B - B 3.8.1 £ .83k
PESBERGIT S ) R o F Bl (R

Index Size Risk Efficiency

NPV Yes No No
Payout No Yes No
PID No No Yes
DPID No No Yes
IRR No [t No
B3.8. 1 oAty i
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F % o7 A

RO R E R TS )N L DY Lré'im(;fm_, 5

10%) 2 4c & ~ TR gt 17 (5 5 15% ’ lzi:fiifm/ AR

3 v gl b 55 R e (deductible) o

13 25F & £ J14745(Tangible Capex) B ET AT 7 A F A

3+ k.rm\%mg AL DL RRT N e S

® (Class4l—& # v 3744 25% > &% — & & % T3t the half year
rule(12.5% then 25%) e

2)&2,F ~ 2 114735 (Intangible Capex) > ¢ 3%

® (COGPE(Canadian 0il and Gas Property Expense)—-# & ¥ 37
% 10% > drFH®HBEFH * oo

® (CEE(Canadian Exploration Expense)—-=* & ¥ 373 100% > 4r
* 3B /F‘J%" * o

® (DE(Canadian Development Expense)—-=& & ¥ 3734 30% » 4 *
*t casing - cementing 3 * -

& #w 4 Tax pool # » 2@ F0F L BT F » F 3T Hrrlde

P F et ip 7 e 41450t ) en Tax pool > ¥HIEAF A+ R 5

Plde? BTy DA F AN - BHFOIITEE R RER

80/20 cr=Lp] » ¢ 4 #->t COGPE Tax pool B~ 4 7 E'f*‘c ”F'{*a’“&a‘r%ﬁ

B > #3t Class 41 Tax pool =hB~1F 1 7 § 4vidsdrg

teig 4 A 4of)* infill well 3 4c 4= 8 mﬁ g i%“iﬁ £ %

RE A BRFTHFMFNE Flg7 A BERELS Rl e 2K

ceiling test enif it 4v £ % Bid § > dode £ 4 % g B A0

pr e FR* H - B4 dote £ 5 % chProved 4r Probable g

® 0 2 W* & Proved B E - 27§ ¢ “““f??%mb%'r? AR

FR-T R B FRE A B"?«p?ﬁ"‘l’%%i‘@?ﬁfv Ak A ThEoFTR-B

tax pool i B o

PR E oz R (NIB1-101)

BREfFTREFAR B @ 2% (Determination) » 1 & 4 #f &

1) Reserves—proved, probable, possible(1P, 2P, 3P)

2) Contingent Resources—I1C, 2C, 3C

3) Prospective Resources—Low, Best, High estimate

R+ ok & SEC 2009
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BREANGE 2 0Py i ¢ A 10% ¥ + %22 (Monte Carlo
method) 2 FEPEE G 2 - A R R 3{,;, Hohficis

21

P E e Adp i NSk A B R A F .

GUIDELINE FOR CLASSIFICATION OF SAGD RECOVERABLE VOLUMES.

Timing of
Lovel of Corporate Reguiatory
Catsgory Cortainty | WellDenslty | Technology | Economics Project Approvale 2pprovals
. bt Cumansrated Demontrates fom
: pachon, Of Wl AN | rrerciel sicouss Coporatn
i & wats par secton | ot o Sguiie commement o 3
s o| o stuston whare Lot iy wcparttures tor vew | QOCORG Vit heve ot
- Proved g Cosan lees promcts should begin reguetory apsroves
3 - o | commerciel saccuss o pamien corporate budget
Hd o b safclent | oo e cproml Boed
& g sgect primnches
(#9 30 sanmic)
Oamesetuted € ortance ot tim weme]
Caman:
comemarcel micoess m;‘.";‘;: g foant "C’::‘:: "_’:‘ Rejustory ssproves
Probable prapsgs | Allewstd weis nprojectar | 8 SR e | exenttures tor new o o sutned ant 1o
. por sacton | commerciel success| procts shoutd begin | oot sgnficent asues
- araogo PR IOR S witin § years semprzos ere
4 Adure conn attood of wpr ol
H Sromcts it nearty e
L}
=
i ovet
v
i No reserven atous 2 sy o
5 BT Sebootes ¥ |Requred ewdence of| I8 SRR
> 4 oo agritcart w10 procees by s o
Possible Siepgge | Musaduih | S S4E0 pesns wpenttums are | the Company and | eSenly Sheting
por sacton | wit te commardialy e Iatbood o mprovel | F5OSE Wrids weh
succenstd % et n. 4.7 sorficent asues
Not - Recommens that sossicie reserves. commencs et § Sy S Bend forseen for regulatory
Orty Se @3RNl N ENsCCMton Wit proeed. yun asprovel
o srobatie reverves
PO PSO )
d st 1 wal gt
. P i pohlprel g Vay requre
-4 Sevets o for ternom No resy et on
geskgen May be econmmic v No regurements for | No requirements for
§| ContingentResources | “mwms’ | ZE g o] YIS | weermeinre | LSTR N | mt
coraderng arty o commercety commence
« ctoice Bsues “’"‘" ': > succeastu
ol cwan
i B8 —

@&&2@@@§ﬂ#?@€'**
1940 # & Z P B dl L F@ > B G R RS E o AR A%
AL G s 3 T B3 2 AR5 anas1iv:] % 50+ k32
Bt - AR FRAL LAPST A F PR 2 F M2
PR el Bk Pk R RIS R AL %
TR ke ¥ 2 (B 3.8.3):

n\,

Certificate of Completion
The Society of Petroleum Engineers (SPE)

certifies that

Shu-li Wang

has completed 4.0 Units (40 hours) of the SPE Continuing Education Course

Evaluation of C dian Oil and Gas Properties

on

18 — 22 March, 2013
Calgary, Alberta, Canada

Egbert Imomofi
2013 SPE President

Mark Rubin
SPE Executive Director
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247 89347 109 54 TS AR ik aion wE T
(Managing Risks and Strategic Decisions in E&P) 423" %

AL E F5

1 gz 4 & chilng 050

AR A 1T — R BB KA Y
YT Lk A

WL EAPLAZ dofe B ? 2 FEB B 4 F ek ihg
Bt F A R ERE

PAT% A 47 03

HFespr

HFEFRE AR

R R RN R L L R RV

© 0o N o g bk wh

%*%$m#%ﬁwﬁﬁ»&i&a*¢%z
R el Aok &
BB~ & 100%en 4522 5 g2
PWEALLF)FER G M K AThs - H AL fEad
B BRIV R F AR 2T F RO b e BEET
W B3 fELF R ARG F L S T fEp L LR
FRE S cHEW AT E T W RG AR R G DTG
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W
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AWK A At B (B (Expected Value) et B > T AR Y AT

4y

y Don't Drill 2™ Stage
Success $20

SHRAOEe ] —_Success
51' il 2($33) Drill 2 Stage A4390)
ormow —e |
( $33
EV = $5.0 Millioh | Failure

Don't Drill 27 Stage 5(816)

A, Failure %2
8(-52) Drill 27 Stage 10(528)
-$26
Failure
Don't Drill 2™ Stage 90(-$6)
Success 2 Surcess
A, Acquire 5(7.3) Drill 24 Stage 7610}
EV = $3.8 Million il 573
Failure
Don't Drill 2™ Stage 3(81)
Failure -$05 Success
5(0.30) Drill 2 Stage 20(575)
(Al dollar values in Millioas) $030 Failure
A0(-81 5)

Bl 3.8.4 A R MHei] +
B4 ik A S R AR £ g R A S RS T At
FREFERAAFERBELA L B F AL F A G
e300 B 0 QBRI L5 R AR nT 2 R
A A
1. % %1% = i (Multi- FactorApproach)
2. = = E;l%;z # 34 (Binomial Approach)—74 excel 425+ 3+ o
3. B = %32 (Bayes Theorem)-- 53+ 5 12 2
P(AIB)=P(BJA)*P(A)/P(B) » P(A)fr P(B) » W A frB & % i
FLES oA P(A|B)SI‘1-:»7§L,§,‘Q B R EgERT AT EF A
s o

vl.l-

“% g, iy
PR F R RS O AL BRI L B R A
Gl g o ek R TR RS - BRERIY A 3D Bl - AR S
REFRE LA A ERLfrt i i F MR E WL gp
% & (Expected Value of Perfect Information EVPI)fr% EFE SR

7 #F @ (Expected Value of Imperfect Information EVII)** 3%
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¥ PG e B 0 3D BRI NG|S o
;;Ué BA 112 iRt ¢ 3.

1.
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PHA 5 RESCE R A
SRR AR R4
R SOR R A 35 1R T A R e F MR 8 3 A PR
g fF oW x% 'fr;,é“ AL I E SR E S DD EcicB 3.85
bk 3 ]
FH IR BT E o ¥ U £ pe
s

1k R Y R AFA SIS ABE o AR
2= '1;,\_\,%» in it e 4 F'—:% a,a:j} 'E’FU:‘?‘ o F]pL 5 ¥ '/JL‘_%":‘J‘;?//
BEV AR EPFRE T X L F Risig kB

—@—Q%@%ﬁﬁ&&ﬁ’&@ﬁﬁi@%ﬁﬁﬁ$o

@ Downside
m Upsice

Mﬁ%ﬂ%é%ﬁmEéﬁ%g$$~$ﬁ$ﬁ%~m§ﬁ\&%

few 4% ~ 3 F 2 & --Markowitz Model i+ 4p B fré AP BE S A ETR e S
FRERPANAG R ES s IR S RO SMPARG

(Linear Programming LP) ~ & 3uidh "g etk SLER & - R %G L X
B AR B386LeEms o
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Helping Other People Excel

This certifies that
SHU-LI WANG
has attended the following training course
Managing Risks and Strategic i in & Py
April 8-10, 2013

Continuing Education Units (CEU): 2.4
Instructor: Michael Walls

B))

Domenic Mancuso OV Vkrroiire
‘Wanaging Director
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3. 5% 4p 3625 22p: %4 University of Calgary #ikA%.:
BMC 298 & ) F# & ¥ etk 8 78 2 /2 3 (Oilsands: Environmental
Impacts, Regulation) » ##%-& i# Aref Seyyed Najafi

WARE HE T R £ X T F R AT Fehd d
W) R R enaoEs

BT T fol 4 & ahd u

LR IR J) T

G R R BB R P

R R PE R ARTR B R K

WG BRRE B P IR

A DIRERE L TR

HIRB &R R BT R S
R TG

© o0 N o g bk whE

?ﬂcﬂ_ﬂ R BITE R EFIE IS I

BRI BB+ 3 A Fet i Vapor Extraction (VAPEX) > #-%
fed Z & L i‘: il A B~ B AR F B TR B
Encana % j& = # ** Christina Lake 7 SAP ( Solvent-Assisted SAGD
Process) 3+ & » w3 & F P T B AR R RIFEF
o b 62902 S i‘a 4r 809 -
Imperlal Fobo > P elaseritd o F AR /‘]* Ao A bR A

R R (CSS) b i - BRRAANE B ELLASFT
H4e 309% 0 & 4 HHettE 329 o
AN F R LB AR AT T RIAR S ARG
TR R N B e R BRI M AR B R A o
ZSAGD%%kﬁ'vanﬁwqiﬁ1«ﬂmﬁjafﬂﬂﬁﬁ$%%%?2ﬂ%‘
BFEHEERAIMS B R kBRI 2ME > FE (X BR
e ?ﬁu ¥ 42 SAGD R giE ek Foo 4 £ "ﬁ 2[3 g
FEF LN HER R Y SAGD Hfe s 0 @ HEEH
~ B »oaprgg B4 ET-DSP(Electro-Thermal Dynamic Stripping Process)
shpcjis » ET-DSP Hjisdd T HE < Fh* 2R &3z w8 £ !
ko F ARAE K1Y ig;@%%@] 3.8.7 4@ frd g # pt
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7| > ik ET-Energy = @ fLpt HpiFs = ~ 45 g A2 PR FT S A~ 8 7
PRUER R P CO2~ B ki (B RN F Hi 0 5 0.6) ~ Mk (E
FARSTIRRREIHE T AL e BTN BN w s TR AR
LT GRA B B il 42 ET-Energy 2 & #-pt SR * 40— (R A 65
K ® L HFAHEERLZ30F B IEHFGE 36% 0 K
o Ar R 5 849G s e F RS 18 > T84 B R

F-BAAEH o

UNIVERSITY OF
2 F/\LGARY Oil Sands: Overview, Environment and Regulations, 2013
— 0 NN

Electro-Thermal Dynamic Stripping Process (ET-DSP)
*The Electro-Thermal Dynamic Stripping Process (ET-DSP) is a patented electro-thermal
technology which combines the majority of the dominant heat transfer mechanisms (electro-
thermal, conduction, and convection) into an effective and environmentally benign method
for heating the Athabasca oil sands.

Bl 3.8.7 ET-Energy #jitrsc#u o2 g 2 gpt 7|

B3 #Jritis (Carbon capture and storage » CCS)

CCS Hp i it pifipansg A s g i en 2o 4= § Lt F
WA SN e g R B 2 F e AR & R RO AU R
g dp A RE TR R MR R e § M RGG
Ripl FRGY PREETAF 35300 F AT 0 CCS it & kg

Lz fv 7 PR R g 0 P g s o g F @ 35 CO2 Jf fitjiven

BATERE oV a i E P N A EHGTES R RE B 22 Statoil) -
H# 5% 4% 7¢ (Enhanced Oil Recovery » 4r £ ~ Encana Weyburn jé = ) ~ /%
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This article is downloaded from:
http://digital.library.unt.edu/ark:/67531/metadc98034/m1/1/high_res d/R
42611 2012Jull16.pdf

Oil Sands and the Keystone XL Pipeline: Background and Selected
Environmental Issues ( Total page 51)

The keystone XL pipeline plays a critical role to reduce the heavy
and light differential. The Alberta premier Redford said Bitumen Bubble
causes the tremendous loss of provincial tax income. The article includes
the key events related to the Presidential Permit, the overall introduction
for oil sand extraction, all the cross-border pipelines, GHG as well as the
oil spill. TransCanada submitted an application for a Presidential Permit
for its Keystone XL pipeline September 19, 2008. The latest event is that
Nebraska Governor approved TransCanada’s new route through Nebraska
January 22, 2013. The Keystone XL pipeline would have the capacity to
deliver 830,000 bbl/d. It involves two major parts. The first one is about
850 miles, crossing the U.S.-Canada border into Montana, pass through
South Dakota, and terminate in Steele City, Nebraska. The second part is
480 miles, labeled as the “Gulf Coast Project”, connecting an existing
pipeline from Oklahoma to southern Texas. Oil spills risk and GHG
generated during the oil sand extraction in Canada are the major concerns
in term of environmental perspective. The characteristics of DilBit and
SynBit, such as APl and TAN as well as sulfur content, and the pipeline
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operating parameters are described in detail in the paper for oil spill risk
analysis. The high volatility and corrosion for DilBit are two key factors
which might increase the additional risks to the pipeline’s spill. The
environmental impacts of oil spills are also estimated. GHG emissions
estimation model bases on “Well to-Wheel” (WTW) assessments which
focus on the emissions associated with the entire life cycle of the fuel. Oil
Sand produced the second highest GHG only next to Venezuela upgraded
bitumen. In conclusion, the different modeling assumptions educe
different greenhouse gas emission result between bitumen and
conventional oil. Environmental stakeholders also contend bitumen will
account for a greater percentage of US oil consumption overtime, making
GHG emissions reduction more difficult.

My opinion on potential environmental issues:

Whether to approve the construction work for Keystone is a controversial
issue. If the project gets the presidential permit, there are some potential
environmental as follows:

A)Due to the characteristics of oil sand, the heavier and more viscous
than lighter crude oil types on average, so it requires more energy and
resource intensive activities to extract it.

B)In the current in-situ technology, the average steam to oil ratio is about
3.-5. Therefore, a lot of underground water will be used. Even though
some oilsands company claims they adopt the innovative technology,
such as the drum boiler plus cogen for their surface facility. So nearly
95% water can be recycled to drum boiler. But the old surface facility still
utilizes Once-through Steam Generators (OTSG) technology. So 0.9
barrel of water will be consumed to produce one barrel of bitumen.

C)It provides the economic incentive to the junior oil sand company to
develop the bad reservoir quality area. Some junior oil sand company
acquired the reservoir with bad quality. Originally, it is not economical to
develop the reservoir with the pay thickness less than 20meter. But once
the price of bitumen increases, then it becomes economical to develop.
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D)The reservoir with the steam thief zone, such as the top water and
bottom water, has the higher risk to become less energy efficient. Husky
Tucker is one of the very terrible examples. Steam to oil is higher up to
6.5. Another issue about the top gas is gas over bitumen. | read the report
from a junior oilsands company. They claim they will inject
non-condensable gas into the top gad zone to rebuild the pressure after
year of natural gas production. I think it is an extreme ironical case.

E)It might attract more foreign investor to develop the remote oilsands
reservoir. And the product needs to be trucked up to hundred kilometers
to pipeline terminal. That extra energy consumption is also part of
environmental pollution.

F)More risk for oil spill happens. Exxon’s Pegasus pipeline, which can
carry more than 90,000 barrels per day of crude from Pakota, Illinois to
Nederland, Texas, was shut after the leak was discovered March 31 near
the town of Mayflower. The leak forced the evacuation of 22 homes.

G)It increases the amount of GHG emission by burn more natural gas in
the in-situ co-generation system

H)There are 30% diluent in Dibit. The oilsands company usually recycles
the diluent to reduce the cost. So the transportation of bitumen to market
becomes double energy consumption than the traditional crude.

DThe low H/C ratio for bitumen, 25% coke will be produced in the
refinery coker unit or upgrader by process bitumen. That coke will be
accumulated in the land or dump into the land field. So the solid waste is
also one of the environmental issues.

In summary, Keystone XL pipeline construction provides the
economic incentive to bitumen producer. That will definitely cause more
water, natural gas, fuel, electricity consumption plus more solid waste
regenerated in the future.

Reference article:
http://www.foe.org/projects/climate-and-energy/tar-sands/keystone-xI-pipeline
http://www.nrdc.org/energy/dirtyfuels_tar.asp
http://www.nwf.org/What-We-Do/Energy-and-Climate/Drilling-and-Mining/Tar-Sand
s/IKeystone-XL-Pipeline.aspx
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http://blogs.scientificamerican.com/observations/2013/04/23/epa-on-keystone-xI-pipel
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Report written by Shu-Li Wang(* 48 2. ¢4 2 R B £ 8)

No 17 Directive 081

Water Disposal Limits and Reporting Requirements for Thermal In Situ Oil Sands

Schemes
1. Summary of the regulation:

This directive sets water disposal limits and includes detailed requirements for
reporting injection facility water streams to PETRINEX(Canada’s Petroleum
Information Network) to meet Energy Resources Conservation Board (ERCB) facility
water balance requirements. The disposal limits requires operators to recycle
produced water efficiently and ensure that make-up water is effectively used. Two
types of thermal in-situ method, SAGD and CSS, are covered. Efficient water
treatment, recycle, and disposal at thermal operations will optimize overall water use
and energy efficiency.

This directive provides the formulas—for water make-up, water productivity
ratios, and produced-water recycle—that will be used for monitoring and comparing
thermal operations in Alberta. These formulas and directive 081 are available on the
ERCB website. http://www.aer.ca/documents/directives/Directive081.pdf

Water disposal at a scheme is affected by
a).the quality and quantity of water streams entering the facilities in the scheme
b).the treatment technologies being used
c).the bitumen recovery mechanism

Before the calculation of maximum disposal limit and actual disposal, the
conducting facility water balance needs to be done firstly. The formulas are as the
following:

Maximum Disposal Limit Formula

[Fresh In x Df + Brackish In x Db + Produced In x D :

Disposal Limit (%) = - . ~ x 100
Fresh In + Brackish In + Produced In

Fresh In = the annual volume of inlet fresh water in m3 for the scheme from volumes
reported in PETRINEX.

Brackish In = the annual volume of inlet brackish water in m3 for the scheme from
volumes reported in PETRINEX.
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Produced In = the annual volume of inlet produced water in m3 for the scheme from

volumes reported in PETRINEX.
Df = the disposal factor for fresh water.
Db = the disposal factor for brackish water.

Dp = the disposal factor for produced water.

Allowed Disposal Volume (m?3)
= Dp-(Produced In)+Df-(Fresh In)+Db-(Brackish In)

SAGD CSs
Dp 0.10 0.07
Df 0.03 0.03
Db 0.35 0.35
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Conference

7 80 T speaker % 400 * %4 > FE ha @5 40 BB e 457 ¢
1)Cenovus Energy Inc. - Harbir Chhina, EVP

2 )Husky Energy - Rob Symonds, SVP of Western Canada Production
3)ConocoPhillips Canada - Dominic Macklon, SVP of 0il Sands

4)MEG Energy Corp. - John Rogers, VP, Investor Relations &
External Communications

5)Devon Canada - Chris Seasons, SVP, Canadian Division and
President Devon Canada

6)Laricina Energy - Glen Schmidt, CEO

7)Connacher 0il and Gas Ltd. - Chris Bloomer, CEO
8)Ivanhoe Energy - Carlos Cabrera, Executive Chairman
9)Grizzly 0il Sands - John Pearce, CEO

% core lab 4v Suncor %3

75



core lab %3*:

1. McMurray ¢ #& Christina Lake % » 3 ConocoPhillips/Total’ s
Surmont ~ Grizzly (Algar) ~ Southern Pacific (McKay)

2.Grand Rapids # # Cenovus (Pelican Lake) ~ Laricina
(Germain) ~ Cavalier (Hoole) ~ BlackPearl (Blackrod)
3.Clearwater ¢ 3 Osum Taiga

4.Carbonates # #& Laricina / Osum ~ Leduc

5.Tight 0il / Gas ¢ 35 Montney f- Duvernay

7/11 3] Fort McMurraye ./ Suncor Mining #
# Suncor F & 4 A MEEFL UG Rog

g&ﬁ%;\; °

AL
LA WA ] i s :‘,‘3"%]

. 2R ET: HR¥BP” ML ARG HERHEENR
# &

hEAPE A FEC G "T:L? FETR S £ S 2 R R E At
TAEBRBREBBRE O BAEL R F - TER I EFERER
ME)F R de? BB ET S o3 2012 F RPEE Nexen o PEF %R
B2 10l RELE TALTH O AN E LA DERAEE Z 0 BT ERE
30-60 tiixi* FiRE PEF o

MRAFIE LA STH R A2 AR \;I%‘r&u’_—s‘gp » H
S G S R TR R R SL TR B BRI
IR pT 0 AR @ E A IRA o

T hA £ EF S A PR 3 @1{&@1?@%7 A
BB AFEREE A P FEEN DR LT R K £ D
EHRT o RFF XIIR VR EIE Rk d R ES
% T R F O E R R PET 448 Keystone XL F e B 5 XE
BB o - B L EZPELFELL AERA DD P BEER L o

R
FIERIME BB X LESP R S rF 6> 2 R 3 (PR B 5

;‘éywﬁﬂf’v%’f’* %Q%f'l&%’g}ii”'ﬂ"Mil&‘f“"i@é}étﬁi@ﬁ I
g
/l% foRR 4 o 1?11\47%&13—#*3@ ¥ #1(subcool control):f & -

76



BT E T A PR AL 455 IR d 2 ESP §ip T o

Wl 2 A2 ARF DR o AihY LR BT T AL
FARULEFRAFARE TBARE I OT ALY L 4g 4
R N £ AR RS SURLE Sy R et
I CRE MR RN S BLEC S LR R R i T
BFFALEFREA e RIS o ¥ L AT 1 Bk (R
B~ F ¢ 3 L R paew’ff?ﬁ@\l“ﬁlﬁib“ﬁ&‘ﬁ%ﬁk Fdis

Z G ok B s pow 2 A K BEOREEN RS )r‘wdﬂ i
fﬂwwﬂ’pﬁﬂ?mﬁmsf~—4;i$ﬁ*%\pwﬁﬁ
bﬁﬁ'iﬁfﬁ} s E’g’f‘-";fff: %Jfé ~ R R R AP b 5{: %Jﬁ 7] 54 o

;{%&“/T‘IFLF i3 ,._.rrlv:c’?rr7 SIS VA ﬁajiﬁ-‘ﬁ:ﬁ’ﬁi%‘r’ﬁ

BB F PR A AR R RS TR Y ﬁﬁWnﬂil‘i?ﬁ%w’&
FalAefps ) AL nA e o EAT R vP 7' Mg £ 00 ) £ aodd -
oo I Pt s #57 Well Synergy B F B4 0
(SELEX-Asp) ~ Ivanhoe 7 HTL(Heavy to Light) £ i #x F s ~ BA
Energy mﬁ;\ 32 H(ADC) Hbe% - A= ¥ vt g A 5B~ 1 42.(SDA)

F M E B ,e‘: QAR > F AN R > EH S E I
%Ui?é ESLRAEUE W

4). 7% 23 p 3| 7% 25 p 3 Calgary %4 % ) £ ¥ $#7(Oilsands
Heavy Oil Technologies) | €3 > ¥ FE R F4 %/

peatF 4 E & Byeen Ui gy €0 Bk Oilsands Heavy Oil
Technologies € 3% > 3 /€27 B R 7900 B & 7 5Acpt ¢ > < Wipen
ME)NPINE SR FERDLERBE DT AT

Shell, BP, ConocoPhillips Statoil, ExxonMobil and Suncor % » = % &73%
e HFERMPINTLZ N OPRF -

Hopris E R

. ;3:%?

« R IREE
SAGD # (Ffcai 2 2

77



R e T - o
« KAAA

o Hle e A AT

[ ]
I
]

g e 4 B Rfe

B 4 ¢ ~ 4L P : Life Cycle Cost Analysis of Petroleum Coke

Life cycle cost (LCC) analysis was performed for a 1.6 million tons
per year (30,000 BPD) delayed coking unit. The results show that the
LCC of coke production is higher than the price of coke and profits are
obtained at the expense of environmental costs. The feedstock cost
accounts for a majority of LCC. The variability impacts of processing
expenses and carbon dioxide (CO2) price on LCC are relative similar.
This suggests that if a higher CO2 price is imposed on coke production, it
is unlikely that the producer will make any effort to reduce the CO2
emissions either by improving the efficiency of coking process or
implement CO2 remediation initiatives. The CO2 price increase will be
considered as a processing cost increase. The green factor (GF) is
predominantly dependent on coke price; an increased coke price
improves the GF significantly. Increased CO2 price has a negative impact

on GF, but the relative incremental impact of CO2 price on GF is less at
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high CO2 prices. Hence, there is little can be done to improve the GF of
coke production, since the coke price is beyond the control of coke

producer.

Life-Cycle Cost e& 473 2% AR ZR* WA ER » 4o
Canadian Oil Sands: Life-Cycle Assessments of Greenhouse Gas
Emissions by Richard K. Lattanzio,Analyst in Environmental Policy
March 15, 2013
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