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NaWe=E ;. 2522 80%, MR=M 70%, 252 90%, FIHE 50%, WEHEWH 30%
1MEE 27k 3faL 4REE 5AEE
=+ Pilot Test

(599 1)
STMESHE #¥
EERS EYE W2

EFEE HTYA i R US
(M52 2) HEgH = {50k 71OIE HA S A »  Pilot Test
a4 2
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OIHEQ HE L A0 &F
O olzg=e) s
AQR0IE(H) 139 | 2EE | 3XEE | 4XEE | 5KtE =
AL B 70 133 191 201 162 757
1M1 2 70 90 121 94 58 433
1-1 activity 22 27 31 23 17 120
1-2 activity 24 25 31 18 7 105
1-3 activity 24 24 31 24 17 120
1-4 activity 14 28 29 17 88
2N 2 43 70 107 104 324
2-1 activity 15 29 30 18 92
2-2 activity 16 29 28 23 96
2-3 activity 12 12 20 20 64
2-4 activity 29 43 72
O AR0&F &
(S AQ)
ItEE 2XE & 3XEE 4XE & S5XtE S g
L 012E B | EHR |02t (B |Z2 |912E B (R (0R2F (B |F |22 |8 (B |912E [ A
AR Ct 20 | 13.2133.2(39.0(25.7|64.7|56.0(36.9]|92.9| 58 |38.2]|9.2| 47 | 31 78 1220.0/145.0| 365
TAISUAN | 20 | 13.2(33.2(26.0(17.2(43.2|35.0(23.1(58.1| 27 |17.8|44.8| 17 |[11.2|28.2| 125 | 82.5|207.5
1-1
activity 6.04.0(10.0/8.0(54(13.4/9.0(6.0| 15 |7.0|46|11.6/5.0|3.3|8.3| 35 |23.5/58.5
1-2
activity 701461167046 (11.6/9.0(59(14.9/50|33|83|2.0|1.3|3.3| 30 |19.6/49.6
1-3
activity 70146 |116|7.0|46|11.6|9.0|59(14.9|7.0|46|11.6|5.0|3.3]|83]| 3 23 | 58
1-4
activity 40|26 |6.6|80|53[13.3/80|53|13.3/50|33|83| 25 |16.4|41.4
2HI2 0N 13.0] 8.5 |21.5]21.0(13.8(34.8| 31 [20.4|51.4| 30 [19.8]49.8| 95 |62.5[157.5
2-1
activity 4012666 |80|53(13.3/8.0|53[13.3/5.0/33|83| 25 |16.5|41.5
2-_2~ 50133(83190|59(14.9/9.0|58|14.8/7.0|4.6|11.6| 30 |19.6|49.6
activity : : : : : : : : : : : : : :
2-_3~ 40|26 |6.6|40|26|6.6|60|4.0]| 10 [6.0|4.0] 10 20 113.2133.2
activity : : : : : : : : : : : '
2-_4- 8.0 53 (133 12 |7.9]19.9| 20 |13.2]33.2
activity i ‘ ‘ ‘ i ’ i
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HE PA S|

s

(2) M= A0 HE 2YME

o QAUME HZeal2 LAHIHZ(Mining)dt XIotal 4= (In—-situ, Steam-—
Assisted Gravity Drainage(SAGD) £ = Cyclic Steam Stimulation

(CSS) §)ez Ur=l “&i=2 XNHEH 76m OILHA SdU= 2
MHEES A JHZ0l IMHHO X&4&HI0AM HIS8S 2elet = HELRES
HXl= L8, 0l0f gtoll Xiotal+=EH2 22 EH0 U= A= M=ot=
galoZ (| DOIZS 20t B2 MoES S S Sofl QUME
200N BIF8ES 22t T A2 20 Scle g
In Situ , Mineable
SAGD/CSS | ;
\lntermediate i Mining:
in situ ] ) -+ 20% of
_\45——_ ol . ;s%m:!c:urreni
Overburden | oducti
area represents
3% of the total
oil sands area
Mii d il ltu xtractit
[in 5w ]
Steam Assisted Gravity Drainage Cyclic Steam Process In Situ:
+ 80% of resource
« 45% of current
production
* Notailings ponds
+ No water drawn
from the
Athabasca River
+ Smaller footprint
v
[0 1.2] QUME =4
o LEM=Z A QLYUEIUES = AdA= 8 1.3 20,

Crusher & Slurry Plant, Hydrotransport pipeline, Primary Separation
Cell, Secondary Separation Cell, Tailings Ponds, Upgrading Al&, N
N3z 2HE

(a) Crusher & Slurry Plant: tHe E=0| QLMEE 21D 2F HopperOl
AN £ & OiMot] EH2 23 IHEALE 40 Slurry AE2

oOrs

(b) Hydrotransport Pipeline: SlurryE Primary Separation Cell(PSC)2
OlsAlE &

(c) Primary Separation Cell: LME SlurryE 0l Jiel 22 =l
AlZA Bitumen FrothE 1Xt Matct= A4



(d) Secondary Separation Cell: Primary Separation Cell0ll A
Bitumen, Clay, WaterJdt &JH =Mool Z2t5=2 20t Bitumen
FrothE 2Xt MatotE A4

(e) Tailings Ponds: Bitumens =05l e, &
WIHOIE 20t 2ot & Meg 5 | &

(f) Upgrading Facilities: Bitumen2 Carbon=s HIH&tL) Hydrogens
&HIIotd Bitumen2 Hydrocarbon Products& & Mol AlA

il
Mo

, =24t &2

> H

o

F
0 (o

OIL SAND MINING AND CRUSHING SEPERATIO
Separation of raw bitumen
Surry

(crushed oil sand
and water)

Hydrotransport
pipelines
Primary Separation Cell
Crusher and
Slurry plant
PGRADING
Diluted bi =
Hute 1fumen
men is cleaned by
Coke pile removing particle
andwater.
Secondary Separation
Cell
Coker Diluent
Sulphur remoyv: Fractionator water tafings
STORAGE AND ~ @
TRANSPORTATIO — |
To customers by pipelines ¢ Provide steam, and to
water the mine site
and power.

Holding Pond/
Tailings Pond

Storage tanks Utilities plant

[O8 1.3] =&X20 28 BRML T2HA X SHE ZH

o Xotg 8 (In-situ) 2 & 1.4%2 20| =M ECt= MA0| &
O} Upgrading Al&=2 &H ERot] UK &£, Well Pad, Steam
Generator 2| A0 FIIE R+

(a) Well Pad: Bitumen2 IH256tJ| fIoll 2XI8 014 JH2 WellOl <Xl
st &

(b) Steam Generator: 22 2Z 0 Injection Well Z2& Steam=2 2 U
= A4




Bitumen

lBirumen

well pairs Steam Generator Oil/Water Separator De-oiling
one e Water
- nIIIIIH} IHIIII “
—
Water Pond it
Water Treatment
Upgrading A|4 2
Dilbit o
UPGRADINGE sem—
[O& 1.4] XI© Ol 28 MM ZTZAHA L EHE A
(3) 2= QAMEZIHE A L AHAI|=0|et?

o SHE PEX==S ot Y | 250 HEst 2019 HRAZ 23 ot¢
S 235U L= ZE0/otH &2 M NNl SAHI2HES BH=06t10 S At
=2 XMNMIISHF A Ol = leOI
= =202 T AMCT =0

Stair Tower Cvclone Cluster

SPIRAL

FRAMEA

[(Og 1.5]

FRAMED

Upcurrent Classifier

FRAME 'C




(O 1.7] 283 Jl=0| 2= UL LYMEZHE, Kearl Project

PEs HAE=2 UHE HNEHIE NSt HREZ2 SHE ANds &
ot & 2ESE WEEQ === Piperack modules, Process
piping modules, Equipment tray modules, Motor control centre (MCC)
buildings, Equipment modules, Stair tower and other structural
modules 0 JUS. TS E 1.12 QLYMUEZHES 724 ANE o

2 B0=10 A

alo l]

[H 1.1] QYMESHE 2E7H GlAl

Modules 24" x24'x120° | 12'x12'x80°
Major Pipe  Racks 12 62
Minor Pipe  Racks 23 46
Piping  Modules 9 24
Equipment  Modules 46 105
Total Modules ¢é 90 237
Alberta Size Module - 19
Electrical Cable Tray Modules 10 14
TOTAL 100" 270

" Excludes Electrical MCC, Control Room and Stair Module

QUMEZMEN et LS3E ol)| e SAXESZ FEEDSHA O
N 22 AISEAX 20 s ZEI ZRE. P2 MES E=2,
transport envelopE LHotH ZHE FXO CHSt layoutE2 & &ot=
Basic &HIE oA &Zi=0dl, O I SHEE FHGILD U= 222 At
SN =& N LHAE. 2A2 ME MASHEHZ2 Licenseg H10 U
= J1&0l 2=3st0l et JI24HE & = otk JI20M 20 CHet
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Installation

KRUPP

cB&l
Kiewit

PCL
Fluor Daniel

SGT
SGT
SGT
SGT

Fabrication

KRUPP

cBal

PCL

Fluor Daniel

Det. Eng

KRUPP

SE&T
AMEC |SE&T | Kiewit

AMEC | SE&T

Fluor Daniel

FEED
AMEC

AMEC

AMEC

AMEC

AMEC

Area
OPP (Ore Preparation Plant)

Extraction/Tanlk Farm

Froth

Utilities
Infrastructure
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A= AlAE A=0| ERolH S=HEL2=s, SEANMERsE, A
pre—assembly XX S0l CHsh 22l & AlS sequenceE 118t AlZ22t2
AAEIO ERE
= (@] 0O = L AFCFE oo 1 i (o] (=} xeal ot
— o S
o otLe 2PEH= MAYSl B2 connection pointdt UJ| =0 &0l &
2 W30l US. Olddst HES BES&A6ID A2 &= L ZAIH &
22 T2E = s SSHANSI|E L0 2
o JHUICHS §F QUME Z=ZNMEQO ZUBIAID ZZMHA Z2=(7.5m
(width) x 7.3m (height) x 30.2m (length))0ll AI2&= XM= Otel B
1.3 2CH. XS HEE2 €F=HUA B30t A2 Z ZHUASLH,
A20 Stold HLEXIF szots Hez2 EH US. 11 2 HUYN 3
Sots 20l Ual =4 IHE S35t St0IE HLICHHAI S 21Z0]
OIFH XXl £0t XS =4tst=0| IR €2 &Y. Uetd K=&
SE Sol YstsE2 =2 = Us JI=IHE0 2+
[E 1.3] SYZ2FALE T2HMA 250 AlE2E= I
Material Description == At Material Description ==\
Fabricated Steel Tagged Mechanical Equipment ELESN
Structural Members EESN Aboveground Piping
Grating Clips/Fasteners (Hilti DX 9 Y C.S. Pipe, Fittings, Flanges (2" B Y
type) =T & smaller) S =T
. Alloy Pipe, Fittings, Flanges (2" = =
[=] 3 =13
Checker Plate L=y % smaller) S =LY
. - Special Pipe, Fittings, Flanges = =
gt=x =13
Gratlng =X (21’ & Smal'er) S NN
Ladders and Platforms (not o Y C.S. Pipe, Fittings, Flanges (2 = Y
supplied by equip. mfg.) =T 5 & larger) S =T
. - Alloy Piping, Fittings, Flanges (2 = =
gt=x =13
Monorails =X V% & larger) S NN
Stairs and Handrails, including 2 Y Special Pipe, Fittings, Flanges (2 2
Treads =T V5 “ & larger) S =T
. Miscel laneous Pipe Materials (i.e.
VHV;gEeférength Bolts, Nuts, 23X | sockolets for small bore pipe not H ek R
indicated on 150s) C
Common Machined Bolts, Nuts, 2 5 Aboveground Assembly Material &
Washers =T Specialty [tems
Miscel laneous Stock Flanged Valves S EEEPN
Shapes, Plate and Bar HEXE | Butt-Weld Valves S ELESN
Shim Materials AR | Nuts / Bolts / Permanent Gaskets S | 2K
Miscel laneous Building Materials Blinds / Spacers S E S|
Screws and Washers only &==X | Strainers & Steam Traps S EEEPN
E‘llg‘? g?gCiGSﬁlglashmg Material - =X | Expansion Joints S EEEPN
Gutters and Downspouts 2=X | Spring Hangers, Hanger Rods S ELESN




Metal Siding & Roofing

Shoes, Guides, Clamps S

a
=
Pl

Coil Doors (Type C) S

bl

Pipe Supports S

bl

Personnel Doors (Type A) S

Rl

Unistrut for Pipe Supports C

=

Type D Doors C

pa

Slide Plates S

2z

Girts and Purlins S

Sample Coolers S

Wall Panels (Sandwich) S

Pl

Thermal Expansion Bottles S

bal

Roof Panels (Sandwich) S

bl

Tagged Specialty Items S

N ue e pe| g

bl

Sound Attenuation Panels C

x| N NE e | g | g
I REIRIE

pa

Hydrotest Materials

21 44| M jﬁ AECARIARY

x
>

HVAC Electrical Bulk Material
Heating Equipment S 23X | Conduit C H ek R
Radiators S =X | Conduit Fittings C H ek R
. - Raceway / Channel Tray & Fittings
grx ot
Ventilators S LS| (including "C" and "HSS") C HIEXE
Fans S &©F=X | Cable Tray =2 67 S EESN
Filters S 2©tx=XxX | Cable Tray Fittings = 6" S E S|
Refrigeration Units S E LS| Fire & Environmental Seals for HIEXE

Penetrations C

HVAC Duct Work C

P

600v Power & Control Wire & Cable

Rl

Louvers S

Control Cable S

Instrumentation and Controls S

e | g | =
ARAES
Rl

bl

HV termination kit S

UE | e | e
NARARG
Pl

bl

Instrument / Control System

7]

; i gh > T
Enginesred |tens HV splice kits S LSS
- Teck/ Tray Connectors (Suncor E &Sl
(=13
Control Valves / Globe S ELESYS| supply as per BOM only) S/C H R}
Pressure Relief Valves S 23=X | Lighting Fixtures S EESN
Rotameters FG 3" S 23X | Lamps S EEEPN
Level Transmitters, Radar S &=X | Control Stations, Push Button S ELESN
Pressure Transmitters S 83X | Electrical Heat Tracing S ELESN
Temperature Transmitter S 2=X | Strut Materials C HI<E Xt
Pressure Diff Transmitter S 2=Xx | Support Materials C H kR
E:ech))néc Indicators (FI, LI, 2EH | Misc. Assembly Material C H eF R
Multi channel Temp Transmitter S =X | Grounding Materials S EEEPN
Pressure Regulator S t3=X | Electronic Instrument Cable S ELESN
25kV - Conductor S
. - - Poles S -
b b
Safety Relief Valves S = | Hardware S &S|
- Crossarms S
144kV - Conductor S
b= = - Poles S b
On/0ff Valves & Actuators S 2FM | ardware S g=H
- Crossarms S
260kV - OPW S
- Conductor S
- - Tubular Stl| Towers S -
gr=x gr=<
MOVs S SRS Lattice St Towers S LA
- Insulators S
- Hardware S
Temperature Gauges S 2t=x | Lighting PBs/Disc Switches/Power ELESN




Rec S
Pressure Gauges S =X | Socket Qutlets S SRS
Level Gauges S 2% | Lightning Protection (Substation) EEN|
Alarm & S/D Devices S 23X | Electrical Consumables C HIEXE
Flow Meters S E LS Instrument / Control Systems Bulk Material
Flow Elements S g=x | Conduit C HIoF Xt
Instrument Enclosures S &=x | Conduit Fittings C H 2Rt
Analyzers, NOX, CEM, DAS S 23X | Tubing C HIEXE
Specialties : Horn/Beacon S &=X | Tube Fittings C HIeE Rt
Piping Strut Materials C H ek R
Paint C HX | Support Materials C HIoF X
Insulation C HUX | Misc. Assembly Material C HERE
Cladding C HEXE | Valves C HIEXE
Coating C H Xt | Double block & Bleed Valves C HeE Rt
Wrapping C HXE | Instrument Enclosures S E LS|
Equipment Instrument Junction Boxes S SN
Paint (touch up) C HSEXE | Instrument Supports C H kR
Insulation C HEXE | Instrument Supports C HIEXE
Steel Raceway / Channel Tray & Fittings HICfAt
Paint S 2= | Tubing Bundles C HIoF Xt
Paint (touch up) C S E;g?ng”gog{t\t/;'ﬁgz)(gowns“eam of 1 Jorxy
Fireproofing — Shop installed C HUXE | Instrument Manifolds S SN
Cathodic Protection S =X | Tracing S EEN|
Instrument Cable S EEN|

_10_




2. NIEHHHE JI=32

U= HHl 37 = SE 29
7024 43 TEEA 4 AANE 4 wFEa
e e o 1
LR
L— ————————————— ol
[O8 1.8] J&AFH Hel Fe
o o QLMESHUHE I & AE)|s AR UM BRE, LEME=Z
TIHEUNA SHE HENA Ol0K= &M AIE ZZ2NA S SHEHE
EPC 2t &&=l 283t Jl=S a2 &
°o MO THEt d2 'ZEcl QLME SHE X & A&/ W0l
cte FXMotol HAZEPCE HIZLIAZE 2FUA JlsS =FotAS. M

THI23tHl= Engineering, Procurement, Module manufacturing 2t& 0fl
N 2FH=E JI=2 45U H, JHIZHI?BUHIi SXl A& A S
AN RPEE JI=2 FHogs. O 240 UE MRUME H=s2
Ot &3

o E2IM: 2PE 2YUM

In

SHE & € H&)|=
—
=

- TN LN QLLMEZHE st HEZE & He
- 2NIRUA: QLYMESHE 25 MAH/AS Jl=s HY L Pilot Test
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o AI22 2 (upstream sector)0f AEXE

M PDVSADI BFE Al 60% Ol&Ql EXXIES It A
HIAH 5912 84520 Hidlxdets =2 75~80%, 5% ME ¢
9| 50%, el =t GOPSl 1/32 XtXlol)l W20 HUdl=Ler ZHe &
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==
a

m
-
~
R
HU
2z
o
Qj
e n

- 0l et 2elem ZEZ2MEN H=2Mo=z JiYotde =22 £
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S22 8422 SO 2 FREUM CJHSIE Pl SEIRE
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(4) =2 HMESEF
UE22AXNESS(JETRO)= 2006E 18 HE =THE S Y26l 2Y
ME S&ES XZAGIFLD, Y22 QUME AHAS)H 2AasS EH
Ol Al 2006 98 QLMEZEH HE ARNES SSHOZ MAE
2= QA= Jl=S HREHD| o 20078 SIHAHATZ O 2440lS HIAE
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Max 7.3m

O Kearl Oil Sands Project
= Test Validation module ('09.09)
-max. 7.3x7.8m module, 150ton
-64mx9.1m SPMT 96wheels, 230ton GVW
- Night delivery
2 police, 3 pilot cars, Push-Pull

[0 2.2] SXXLENO| Kear| QYME ZZ2HE REHE

o = S™HE ZH ME -AZ JIFS2 SHE 23 Jlss JIEe=R
3XHE I A AIEdI0lE JlsS ERotl ALM, 01 0180t 2
HESHE DS NMALS HItE dt UAS. U LLHEZSHE
Z¥steE =0 HLEEX HALH 0l=2 2o EX AIAE0 et 25
stoil= stHIt A= &8

o X2 MU ERIt X= U BHAIE 2F(RF2: 20104 318b/d —
2020 1208tb/d)E oHZSt)l RGtH &=J1e SXUE M= REGHD
Uqs B3 ZA&E #Z0 Otlich OEL A% stst=0te M= IJtsdx
=
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0

AUME A|Z2

SH AlIE=2 201130l 24991 =
2016 Ol 4524

Ol
= (CAGR(H

0, X2 HE

HAMAE

— O o

M XF

~

20218 0ll= 2 7892 = (CAGR 11.8%, 2016 2021) Ofl
‘:E* JOZ =&, 2011~2021 J|2t Sete| HEHZA LY E=S 12.2%)F 2
Ay
[E 2.4] Q2ME =2 2It A& 0= (2011~2021), Visiongain(2011)
2010{ 2011, 2012| 2013, 2014| 2015/ 2016| 2017 2018| 2019 2020| 2021
Canada
Spending ($bn) 154 177, 20.3] 23.2| 26.6/ 30.3] 34.5| 39.1| 44.2| 49.7| 55.7| 62.0
AGR (%) 147\ 14.8| 14.6| 14.4| 141 137 133 13.0 125 122| 11.2
Venezuela
Spending ($bn) 39 41 45 49 53 58 63 69 7.6/ 83 91/ 100
AGR (%) 75 79 84 87 92/ 93 97 98 99 95 96
us
Spending ($bn) 20 21| 23] 25 27 30/ 32 35 39 43 47/ 53
AGR (%) 80/ 85 86/ 88 90 92| 94/ 964 105 109 124
Eurasia
Spending ($bn) 0.56| 0.59| 0.61] 0.64| 0.67| 0.70| 0.73| 0.77] 0.81] 0.86| 0.91] 0.96
AGR (%) 45 43] 44| 45 46| 48 51 57 56| 58 6.0
Africa
Spending ($bn) 0.20| 0.21] 0.21] 0.22| 0.23] 0.24] 0.25 0.26] 0.26] 0.28/ 0.29] 0.31
AGR (%) 31 36, 38 37 30/ 38 40 37 45 60 7.0
Asia Pacific
Spending ($bn) 0.10, 0.10; 0.11] 0.11| 0.11] 012 0.2/ 0.13] 0.13] 0.14| 0.15| 0.6
AGR (%) 300 34 35 36/ 37 40} 45 46, 48 48 49
Middle East
Spending ($bn) 0.05| 0.05| 0.05| 0.05| 0.06/ 0.06] 0.06/ 0.06/ 0.06/ 0.07| 0.07\ 0.07
AGR (%) 30, 30 31 32 31 30/ 304 30 40 50 6.0
C. & South America
Spending ($bn) 0.04/ 0.04] 0.05] 0.05 0.05| 0.05| 0.06/ 0.06] 0.06] 0.07| 0.07| 0.08
AGR (%) 69/ 6.0 60 60 6.0 60 60 60 60 60 6.0
Global Market
Spending ($bn) 22.2| 249 281 31.7| 357 40.2| 452 50.8| 57.0] 63.7| 71.1] 78.9
AGR (%) 12.4) 127\ 12.7] 12.7| 127 125| 123 121 11.8] 11.6| 11.0
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(2) HUCH AIEEE L MY

Jb. SHuth LEHE AITE
o JHUCtE XSMAl MAH = QLLHE dat20=2 2 ol+=8 10%S It
U= [ HLICH Athabasca LEME XFH0A F==Itsst L2 22
1710 BHEN £
° 2003& Ol= =HMSRIIt HHEY 0LHE EUHA XA MAH BOIN A=D1
s2 UEAH ARrZgS Aol HULH LEMEN e FAE XSH2
E SIAIILD US
(9l : 1&cubic metric)
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[O8 2.8] HUCH Reash &, SHUCH SHE(2007)

o JHUDH LLME AIE2 201180 177920112, 2016E@ 345¢1=, 20214

0922 SItE 2022 == (2011~2021 CAGR 13.4%). 2011~2016 54
SO 14.3%2 87 dHEE2 2016~20218 J|2t=0F 12.4%=2 & A
ez HUZE

Canadian Oil Sands Market Forecast

70
RAUME SE EX} F2 (20104 7|F) 05'2 HPIHE A 28%

60 713
au AN ApEE EPC 5 > " > > /
= (B =/Y) | o Aol 3 > >

Mining Z3#E 1,040,000 1,047

»
=)

4
=

[}
[=1

$bn Spending

In-situ(SAGD)

sae

[
=

717,000 722

=1

Source: Visiongain 2011
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Year

[O& 2.9] HLICH QYUME AIEEL | Visiongain 2011
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o Klotal=ZAN 2lst IS0 A2 OtAIEIASE XIF2l ERE0| HE S
ot 49%E XHAIGHH, 2S2013 XS OlACIH XFE0l 22 45%2
5.3%E XKXIot) US
140 881
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Fe, ANWEZE 5702 HWOIH, 01F 579 BHZO0l IHHHE L
2010 2 DIFE O 2791 RS MAGHO ROIDIHONE S 30420 HHE
%

QUME EMES ANAHAS 2 MKINWTI) 2 QLAME SOHA MAE=
HISHIOHE S (WCS)2l Xt0l (discount=)t U128, WA HR JAXL
Ol $10 =ZF0IUt =20= 2 X012 A Sototd UAS. LAMEQ
FHAES =M=t AHe SE20E CAIIRESO A S =0
AUS. UAII2EESE SIHAREAIAS, WTI) ISl JtA 2 2016t
HIl0l=e QYMES ZIIEXHIE(EA, Mo, H4HIE S)I HIEU
MARDE OHE! (upgrade), 5 (pipeline §)2 2=2HIE0| &= JpAY .
(tetN, QLAMES AMAHEE2 LAIIREES ZAE ol =IJIEXHH|
(CAPEX) 2l A0 215N 0I5, SAHIS Z2AE ol =2 JI=0]
S8, MM X290 CAJREES 28 07 = o=, Stdote =
Q Yl £=8 2toITolZ 21Z2t0|M (Keystone XL S), 0= S8 X
A ol =R CiE1sIet JH&E (upgrade) S& 2= S0 XAEHE.

Light-Heavy Differential (USS/bbl)

r $150
Wl - WS Differential (5/b) :

West Texas Intermediate (WTI) @ Cushing (/5] Fs140

Awerage Light - Heavy Differential ($/5]

o 2005 - 2006 Median Differertial {4/b)

— 2007 - 2008 Median Differential ($/b)
2009 - 2010 Median Differential $/b)

e 3011 Meian Differential ($/b)

——— Western Canadian Select (WES] @ Hardisty ($/5]

e Linsear | Awerage Light - Heavy Differential ($/B))

F 3130
os120
F o110
[ $100
]
Fos80
I $70

rS60

F %50
ros40
F %30

— I [ s20
.......................... T

ros10

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Source: EIA, Cenovus, CERI

[OE 2.15] |IHWTI) O HISHOHESR(WCS) JtZ2# S, CERI 2012
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[H 2.6] LHEIFS 2L

C X9 WEE

(201082 JI&E),

ERCB ST98-2011

e i ANy | BT (S ==
ME X& SH HEHISE | 228

X< (8 the) (m) (mass/volume) (%)
Grand Rapids 54.6 9.6 6.5/57 30
Wab i skaw/ S| 131.1 25.9 10.1/76 28
Atha- McMur ray Xl ot 828.4 13.1 10.2/73 29
basca Nisku 65.0 8.0 5.7/63 21
Grosmont 406.2 23.8 6.6/79 20

2 H 1,485.4
Upper Grand Rapids 33.8 4.8 9.0/65 28
Lower Grand Rapids 63.0 7.8 9.2/65 30
EZL'(: Clearwater 59.3 11.8 8.9/59 31
Wab i skaw/McMur ray 27.0 5.1 8.1/62 28

A 183.1
Bluesky/Gething 69.0 6.1 8.1/68 26
Bel loy 1.8 8.0 7.8/64 27
2?32? Debol t 49.1 25.3 5.1/66 8
Shunda 15.8 14.0 5.3/52 23

A 135.7

= -situ:>1.5m, Mining:>

2 1,804.2 ettt o e,
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[H 2.7] UHEIFO QUME IHLX AL XIGte 4= QUME A
(2010 12& 31 J|&E, YHOHHNE), ERCB ST98-2011
= S Ao C =
N nf@fl%t 9|(°/To)g of LH% Ao:j%t &Sﬁ 2;?; H
oAely X<
Thermal commercial 351 40 140 68 72
Primary recovery 1,012 10 101 64 37
2 1,363 242 132 110
OFAFEEA I X<
Thermal commercial 1,975 50 988 428 560
Primary recovery 6,459 5 323 142 181
Enhanced recovery (1,819) 10 182 100 82
2 8,434 1,492 670 823
2Ld0l2 XX
Thermal commercial (CSS) 7,634 25 1,908 1,331 577
Thermal commercial (SAGD) 213 50 106 12 94
Primary recovery 39,388 5 1,970 531 1,440
2 47,234 3,984 1,874 2,111
2 Al 57,032 5,719 2,676 3,043
[E 2.8] UHEIF2 QUME HEXA S8 QLAME &S
(2010 128 31 J|&E), ERCB ST98-2011
DIZRNE Al AN == &HO4 O Y
JH eS| AL wps) I PSE=s I RSa= At PSS
(ha) CETED
CNRL Hor izon 28,482 5,250 3,380 63 3,317
Fort Hills 18,976 4,400 2,291 0 2,291
Imperial/Exxon Kear || 19,674 8,334 5,489 0 5,489
Shell Albian Sands 13,581 4,230 2,637 397 2,241
Shell Jackpine 7,958 2,272 1,397 13 1,385
Suncor 19,155 6,232 4,324 1,781 2,543
Syncrude 44,037 13,036 8,221 2,581 5,640
2 Al 151,863 43,753 27,740 4,834 22,906
Ct. JHUCH QEME T ZNE
IHLICH ¢ B{EtZ= Athabasca, Cold Lake, Peace River SXI 120040 =0l
A QAME T2REI} S5 Ay S0 A0, 2F 2 6004 N0



M= 0|0l LEMES Moot A= 5. UHOX 600HL = 322 &
SHE SASH UM, UHHAX 5722 EZRE S =H S0 U
S. (Visiongain, 2011)
[E 2.9] JHLICH Athabasca LY ME XHNANL QLAME T2 ME = HHEIF M3

Operator Project Name Project Type Status

Imperial Oil Kearl Mining Under Construction

Husky Sunrise Thermal Under Construction

Statoil Leismer Thermal Under Construction

Total Joslyn Thermal Not Producing

CNRL Horizon Mining Producing

Shell Jackpine Mine Mining Producing

Shell Muskeg River Mine Mining Producing

Suncore Qil Sands Mining Producing

Syncrude Syncrude Mine Mining Producing

CNRL Brintnell In Situ Producing

CNRL South Brintnell Primary Producing

CNRL Wabaska North Primary Producing

Husky McMullen Primary Heavy Oil Primary Producing

Cenovus Christina Lake In Situ Producing

Cenovus Foster Creek In Situ Producing

Connacher Algar In Situ Producing

Connacher Great Divide In Situ Producing

ConocoPhillips Surmont In Situ Producing

JACOS Hanging Stoen In Situ Producing

Meg Energy Christina Lake Regional In Situ Producing

Nexen Long Lake In Situ Producing

Suncor Mackey River In Situ Producing

Suncor Suncor Firebag In Situ Producing

Shell Pierre River Mining Proposed

Suncore Fort Hills Mining Proposed

Suncore Voyageur South Mining Proposed

Total Joslyn Mine Mining Proposed

Cenovus Kirby West Primary Proposed

Cenovus Pelican Lake Il Primary Proposed

CNRL Cherpeta Primary Proposed

Husky Amadou Primary Proposed

Alberta Oil Sands Clearwater In Situ Proposed

Athabasca Oil Sands Mackey River In Situ Proposed

BlackPearl Resources Blackrod In Situ Proposed

Cenovus Borealis In Situ Proposed

Cenovus Narrow Lake In Situ Proposed

CNRL Kirby In Situ Proposed

Enerplus Kirby In Situ Proposed

E-T Energy Polar Creek In Situ Proposed

Excelsior Hanging Stoen In Situ Proposed

Grizzly Oil Sands Algar Lake In Situ Proposed
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Harvest Energy Black Gold In Situ Proposed
Husky McMullen In Situ Conduction Pilot In Situ Proposed
Husky McMullen In Situ Pilot In Situ Proposed
Ivanhoe Energy Tamarack In Situ Proposed
Petrobank May River In Situ Proposed
Southern Pacific Mackey In Situ Proposed
Statoil Corner In Situ Proposed
Suncor Lewis In Situ Proposed
Suncor Meadow Creek In Situ Proposed
Sunshine Oilsands Harper In Situ Proposed
Sunshine Oilsands West Ells In Situ Proposed
Value Creation Terre de Grace Pilot In Situ Proposed

Tristar In Situ Proposed

[HE 2.10] HLICt Cold Lake QUME XA MO QLYME T2 HE,

LHE=F MS

Operator Project Name Project Type Status
Baytex Irish Derwent Primary Not Producing
Devon Mann Lake Primary Not Producing
Koch Reita Lake Thermal Not Producing
Baytex Man Lake East Primary Producing
Baytex Reita Lake llI Primary Producing
Bonavista Petroleum  Frog Lake Primary Producing
Bonavista Petroleum  Lindbergh Lewis Primary Producing
Bonavista Petroleum  Passage Elk Primary Producing
Bonavista Petroleum  Swimming Primary Producing
CNRL Ashmont Primary Producing
CNRL Beartrap Primary Producing
CNRL East Fishing Lake Primary Producing
CNRL Edward Lake Primary Producing
CNRL Elizabeth Primary Producing
CNRL Elk Point Primary Producing
CNRL Fishing Lake Primary Producing
CNRL Fort Kent Primary Producing
CNRL Frog Lake Primary Producing
CNRL John Lake Primary Producing
CNRL Lindbergh North Primary Producing
CNRL Lindbergh Primary Primary Producing
CNRL Marwayne Primary Producing
CNRL Moosehills Primary Producing
CNRL North Murphy Lindbergh Primary Producing
CNRL Ranger Cold Lake Primary Producing
CNRL Reita Lake II Primary Producing
CNRL Seibert Lake Primary Producing
CNRL South Lindbergh Primary Producing
CNRL West Marwayne Primary Producing
Doven East Tulabi John Lake Primary Producing
Doven Iron River Primary Producing
Doven Manatokan Primary Producing
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Doven Mann North Primary Producing
Doven Tulabi/John Lake Primary Producing
Harvest Operations Lindbergh South Primary Producing
Pearl E&P Canada John Lake Primary Producing
CNRL Bumt Lake In Situ Producing
CNRL Elk Point Crown Agreement In Situ Producing
CNRL Lindbergh Crown Agreement In Situ Producing
CNRL Primrose In Situ Producing
CNRL Wolf Lake Crown Agreement In Situ Producing
Pengrowth Lindbergh In Situ Producing
Shell Orion In Situ Producing
Husky Tucker In Situ Producing
Imperial Oil Cold Lake In Situ Producing
Imperial Ol Clearwater Pilot Experimental Proposed
R.LI North America  Manatokan Strip Experimental Proposed
Bellatrix Exploration Lindbergh Primary Proposed
CNRL Wolf Lake Primary Proposed
Husky Frog Lake Primary Proposed
Rife Resources Lindbergh Primary Proposed
Husky Caribou Lake In Situ Proposed
Koch Gemini In Situ Proposed
OSUM Tajga In Situ Proposed
[Z 2.11] SHLICH Peace River LUME X AWM QAME ZT2ME | WBHEIF XS

Operator Project Name Project Type Status
Shell Seal Northern Cadotte Block Il Primary Not Producing
Baytex West Harmon Valley Bluesky Primary Producing
Husky Cadotte Heavy Oil Primary Producing
Koch Seal South Primary Producing
Murphy Oil Murphy Seal Primary Producing
Murphy Oil Peace River Primary Producing
Penn West Petroleum Dawson Seal Primary Producing
Penn West Petroleum Seal Caddote Primary Producing
Penn West Petroleum Seal Harmon Valley South Primary Producing
Penn West Petroleum Seal Nortgh Primary Producing
Prosper Petroleum Reno Primary Producing
Shell Chipmunk Primary Producing
Shell Chipmunk I Primary Producing
Shell Peace River (Pads 42 & 43) Primary Producing
Shell Seal Northern Cadotte Block Primary Producing
Shell Seal Peace River Block Primary Producing
Shell Seal | Primary Producing
North Peace Energy Red Earth CSS Pilot In Situ Producing
Shell Peace River In Situ Producing
Shell PRC 32 &33 In Situ Producing
Shell SR 2000 In Situ Producing
Baytex Seal Bluesky Primary Producing
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Shell Peace River (F) Primary Proposed
Shell Peace River (G) Primary Proposed
Andora Swan Lake In Situ Proposed
Northern Alberta Oil  Swan Lake In Situ Proposed
Penn West Petroleum Seal CSS Pilot In Situ Proposed
Petrobank Dawson In Situ Proposed
Shell Carmon Creek In Situ Proposed
[E 2.12] JHULICH &TH JHE (Upgrading) AlE, HHEISF M
Operator Project Name Status
CNRL Horizon Operating
Nexen Long Lake Operating
Shell Scotford Operating
Suncor Base & Mellenium Operating
Suncor Strathcona Refinery Operating
Syncrude Mildred Lake Operating
BA Energy Heartland Proposed
North West Upgrading Sturgeon Proposed
Suncor Fort Hills Sturgeon Proposed
Suncor Voyageur Proposed
Value Creation Terra de Grace Proposed
Value Creation Tristar Proposed
[E 2.13] SHLICH QYME T2 ME CHHYE Mo Z22F (2010), LLYMEINLEIE NS

Project Status Production Capacity (bbl/d)
In Operation 1,890,500
Under Construction 607,300
With Regulatory Approval 1,705,500
Under Regulatory Review 1,426,455
Announced 2,889,000
o JHLICH LEME SUHE 2= LEHECZ =290l Oet 2. A
2 Ot HEZHFCQ In-situ ZHE(SAGD SH)2 B 12t-50HHHH /LS
Mol 22 SHEZ HdHELD UL L2 AR3AIL SssE
= 3CHHE /2 S 21E SHEZ ofH 1CHH =2 1CHHHE /2= SHEZ Mot
S0l US. SE R (Heavy oil)2 2= 3&~12F Higd/e=222 4H Dt
0 JACH Dol S Z2= 108208 /P32 SHE R2E
xS
o X2 ZHE HJ =S EH SUHES HEE HESIGIH HEELEH
= AJBt=(Copy plant)2 ot &0l US. L= AN 22 SER
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010

. Abrasive wear
Mining operation ©
" * Gouging

= Impact and ploughing
Crushing process F

Solid 100wtd%

Mining operations

~55wt%
Slurry hydrotransport

* Gouging

 High-stress abrasion

* Ploughing and cutting

Hot water to

Tailings pipelines
<o Froth to

[ treatment

Tailings to
ponds

Erosion—corrosion

Pure mechanical
degradation

Slurry hydrotransport
(conditioning pipeline)
* Low-stress abrasion

No solids
Upgrading

Susceptible to corrosion

Susceptible to abrasion—corrasion

Corrosion

Pure electrochemical
degradation

e oslon : 'S‘l“sjulgbed sbrasion Water in the oilsands SSCwater, (1,0, Ca Wates hydrocarbons

* Sliding-bed abrasion
Equipment Applications Conditions Materials Surface Engineering
Blade cutting edges Roadways and material collection Abrasive wear High-grade steel PTAW WO/Ni overlays
Crusher tooth Break up mined material High-stress abrasion, indentation, gouging CrC overlays, cast iron PTAW Wi overlays
Hydrotransport screens Separate and remove big rocks Corrosion, erosicn—cormosion CrC overlays PTAW WCAVONI overlays
Tailings pipelines. Transportation of tailings Corrosion, erosion—corosion Hardened carbon steel, CWis Martensitic stainless steel
Centrifugal pumps Pumping of slumry and tailings Low-stress abrasion, erosion—corraosion CWis, CrC WC-based sprayed coatings

Elbows, joints, valves Transportation of slury and tailings Corrosion, erosion—corrosion Hardened carbon steel, CWis

Martensitic stainless steel,
application of WM, W/
stainless steel PTAW overlays

CrC = chiomium carbide; CWis = chromium wihite irons: Nf = nickel; PFTAW = plasma transfer arc welding: 'WC = tungsten carbide.
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O XISHOIA &l43t= XIot$3a2Y(In-situ method)0l AF2E. 8 «
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It ==(0IM B8, 2 HAH)—=ME (Upgrading)—H S22 (=cl, =)
of =M

CEMN=ZYUMN SMES &R0t A2 EEMNAHZAN Lt o2 75m0]
Al &/®H AMAEO ACH, LHEIF2 HR0HE 40m OILHR!I B0 =
A=A =2 IHEE

2 CEMZHANMNE A (shovel ) ESE0| =2 A0, 2MEt
QUMEN CLHR == FHIIAIZI GOS0 IolZ2telsS 0|26 &= =5
(hydro- transport)S Sol 2222 0|sAZ. =52 22| I3
N QUMEZLEH HIEUHO =M HAEAS Heldez BENLD =

2 M= =

[O8 2.20] =&XH=L4

Hige 3= 2=

O WoI 2ol 282z 2828 2
=]

=&, H2lolioF ot=dl, QLYMEZEH 90%0| A2 H
S
[Z 2.16] HIEY HEY =5
o WT | SC0 SU L Hl =
Blend

APl gravity 40 20~36 21 8-10
=T (cP) 5 3 325 1,000,000
sr5t2t (%) <05 <05 -4 o4
F2 (WT1%) 100 90~100 60~80 50~60
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UHEIFHAN &ML ACE MAL = HIEMHS HEE2 HEUES
N et HER F2 FEE Ille U342 (Synthetic crude
oil; SCO)E UHEUM EOHTHU HHE. BtH Xotg Ao 34
E HIEMS B AR S&E Aefel HIEH S (bitumen blend)
XIGtal 28 (In-situ recovery process)

HEUS JIZ6IHU = SH okl 2oH AFBS et MAE £~ ¢
S. 2sY UER2 2 AYAQl Xota4+=-i st Z2NME= HIE
o P < go SIE AEE

NZ OE NES SEotliA AIEE e =2 Kot =22 3 AL
S (cyclic steam stimulation; CSS), %DIHH%%E’?(steam—assisted
graV|ty drainage; SAGD), & 2M At (cold production)Ol /US

[H 2.17] Xotala HAalo] RgXA Hlw, HUXMLENESES-ARSAH2007)

. Cold
T bes S Production
EWE (D) > 1 > 5 > 2
==35 (Net Pay, m) 10 20 3
@Y ELSIT (wt%) 9 12 9
AT (op) Bitumen Bitumen Heavy Oi |
(>100,000) (>100,000) (10,000)
NES AT moderate shal low moderate
JbA 22H| (GOR) High Low High
Thief zone tolerance <5m [ittle little
MAZE (m?/d/well) 10 100 10
& AYH QUHIE
(CSOR) 4 34
32 20~25% 40~50% 5~15%
Athabaska
HNEils Ko Cold Lake Cold Lake Cold Lake
Peace River . Peace River
Peace River
SAGDZ2EH 2| 3420 I £E2 Ao AT oL AjECZ JjetaErA
O] Z0t0f otJ| =0 OFAFEIAZE X2 OIACIH A9 220 =2
i/t

Z2 Z20HHE (vapor extraction process; VAPEX), HAZ®(toe to
heel air injection , THAl), 2XISAGD S MZ 2 2t

ﬂllﬂ
=
It
4J
=
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AEIXI=Y (cyclic steam stimulation; CSS),

DO AE(300~340T )0 2= LU 2 QLME =0l =L H K0
HEMHS SEEH 6t1, =)= HIEH0| 2HYLXNZLEH SHGHH
2ole HE8 TS5, T8 220l S22 @?<Z (channels and cracks) S
=0 HIEHO| AIFES2 et S22 &, ANESQ 80| 280 &
SEIUS M AE2 HALD MESS2 Z L S0t 22 &dH=z =
CIS MASHON M= HIEHO0| S2HL C= HEZAES 610 S2&H AlF
22 S0 ANEZ S22 MMEB0| YHAIH £ OE MOIS AEFE
210l AIZE. 0 MelUA S ELUHE (huff-and-puff) szt = ol=
o =308 2=&

=02 |K9 He 3+6:1010H 3822 Bt OZ 25%0| ot
SCEdI013 X=X Imperial 0i12 22 =&AE=S AIE6tH OlA2IH X
HO| ShellQ R =HAES AIEE

STEAM AND HEATEDR CAlL. AND
CONDENSED YWATER WATER ARE PUMPED
THE SURFACE

[O8 2.21] 232838 (CSS)

HH = 28 (steam-assisted gravity drainage; SAGD)

otLte] QYME S22 OlHRZ 8 Aol =EBE= =&6t], 420 A=
ANZ=ZLZ DE1N0 SIIE HS ot SIIF LEME S0l =
Jretoll et HIE2 SAH S0 Otcholl A= AIFS22 =&, US
MACHONMN NAEC SEO0ILF BEZE Soil HIEHS XNEZ MAE
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@ Z0HHM ™ (vapor extraction process; VAPEX)
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K
$0
010

Observation Well

Vent
Injection

Producing Well

Excelsior Energy Limil
Combustion Overhead

[ 2.25] &M SAGD Z2H

©
to
my
ro
S
0
10

t

Separation of raw bitumen

Surry
(crushed oil sand
and water)

Hydrotransport
plpelines

Primary SeparationCell

oft Sence Mining Sturry plant__|

Sulphur and nitragen Dlluted bitumen

are removed.

parate naphtha,

L G— rosene
d gas oil

Coke pile

Diluent

Fractionator

Sulphur remov:
p 4
—— AT ~
To customers by pipelines - Provide steam, and is to
water the mine site
and power.

Holding Pond/
Tallings Pond

toragetanks Utl11tles plant

[O& 2.26] MiningZS &0l 28 QYME Helud

(a) Ore Preparation Plant (OPP): UHE E=H0 eMEE A 9
Crushing Plant &% Hopperl && £ = 11Xt W2, IIME Ore=
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ConveyerE &ofl Surge Binlll &H4& = Rotary BreakerE Soi 2Xt
IAEH 10 U 2 H=E ChAl Crusher2 2 WA . Rotary
Breaker£ S8t ore= £HE 2( 80C) 3t JtE A CH(caustic soda)
E MO SlurrydEig BtE =, Hydrotransport (HP) pipeline2 Sl
Primary Separation Cell(PSC)2 s=HA

[0& 2.27] Ore Preparation Plant (OPP)

(b) Hydrotransport Pipeline (HP): SlurryE Primary Separation Cel |2

PSC

OlsAldl= &. =X=J| HP Pipeline2 Steel Pipex U=HZ 2L,
Slurry2 CIoH LIRSl 0t2JF AGHAH 2M3HH 6 0 =2l &=

DAE oHOF S, BN 1S E= DRHLYEOE Pipe LIRS 2
B0 EAS LXIGHS HENS| Pipedt AFBEID, 1 £ of 2-3¢
HE o

PSC

[0 2.28] Hydrotransport Pipeline (HP)

(c) Primary Separation Cell (Vessel): @LME SlurryE Odd e =

CZ ZBlADle R2=2 & 208 HTo A0l ARF.

Bitumen

frothdl HQE AE2=2 Upgrading AIZ2, Bitumen, Clay, WaterJt
SN =Mool &2t

Jtetgeor Aes otFS

2 Secondary Separation Cell(SSC)Z, Z2cHIt
2 Tailings PondZ 22t 2LHA
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Weir

Bitumen spills |-
over the edge ||
of the weir into |
the launder ant ||2
is drawm off

Middlings are
drawn off for

secondary
extraction

Sand and other (|-
solids are drawn ||
off the bottom

Source: Albian Sands ‘

[0& 2.29] Primary Separation Cell (Vessel)

[1& 2.30] Secondary Separation Cell (Vessel)

(d) Secondary Separation Cell: Scroll Centrifuge? Disk Centrifuges
Ol Zot Bitumens FZ. PSCOHIA =cl& S2tE0 NaphthaE FIt&
O2ZM Bitumen froth2l &0l &3tz ECt H &H E21&€. O =
Disk centrifugeE 3I&AIZIH S2t0ll bitumen frothdt S2tE0 10
S claye BZ22 WA LI &. Z0t& Bitumen frothe
Solvent (Diluent)2t 40{ X Upgrading StAHIZ OlS

(e) Tailings Ponds: Bitumen2 F&5t1 & 224, &, 80 22 W
JHII= tailings Pond2 ZEWZA . JI& 2H2 22D OH OfeH=S0f &
OIH S0, 2O f12 Mature Fine Tailings (MFT), Thin Fine Tailings
(TFT), Zd2lD o 2 2522 =22l=. WFT= =2 Fine Clay
Particle2 &0l Tl=0l 012 S&06t)| foid=E e AlZ2H0] &2
S0 2 Ponddt 2R&. MFTE 2| SRAI= 8BS 2 +Hot= 20|

S JtE 2 Y AMO0IL, 0l <loHAM 22t A1) S AISE

=
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(f) Primary Upgrading (PUG): UpgradingOl2t Bitumen2 CarbonS
2

DILUENT RECYCLED

—

Consolidating Tailings (CT) Technologydt S 0| Al=2E

[O& 2.31] Tailings Ponds

-_

o

A =
o

M Hydrogen2 &EJIote SMUECZ Lo E8S Bt & 57
ot |AGHA BiR= MHelUAE Y (Carbon Rejection). 0 WUEUA
Bitumene Hydrocarbon productsZ B13t&E . NaphthaZ BitumenOil &I}
ot DiluentE &clot0 Raw Bitumen= F=Z0t1, Raw Bitumens
Coker=0llA JtE Al7A Kerosene, Naphtha, Gas 0ilE =c2IAI210{, -
M2 2Xt Upgrading Plant2 ZHE. O MEUHA S4A2 2 Coke
b ML X8, Naphtha &R0 IS =S

Secondary Upgrading (SUG): Hydrogeng =JI5t0{ Hydrocarbon
ProductsE CtESIAIII= &0l Ol & . Hydrocarbon Molecules&
28 Sulphur, Nitrogen S2 =&22 Mg, MuE ARMS
(Synthetic Crude 0il (SCO)) Naptha, Diesel, Gas 0il S2 E& &

— oo,

BACK TO BITUMEN

COKE PILE

[O& 2.32] 1X JHZE (Primary Upgrading)
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=
e

QUTPUTS:

UPGRADED

" HYDROCARBONS
oy

INPUTE:
HYDROGEN AND
HYDROCARBONS

AT

~,

o H

BLENDING
PROCESS
PRODUCES
SYNTHETIC
CRUDE QIL

L Y
'x!/' s

GAECIL  HYDROGEM

[O& 2.33] 2&xF JHZE (Secondary Upgrading)

s, “AM=E (Mining) 0l 2jst QLAMEZHES Ald2 USL &2

e ddlz FdH0 US

Material Handling Equipment (Ore Preparation Plant(OPP))

* Grushing Plant - Crusher Dump hopper, Crusher Apron Feeder,
Double Roll Crusher

» Surge Feed Belt Conveyors and Slurry Prep Feed Conveyors

« Surge Facility

* Slurry Preparation Plant

Separation Cell (Sep Cell)

Column Flotation Cells

Cyclopacks

Tanks

Pumpboxes

Process Fired Heaters

Gas Turbine Generator Packages

Heat Recovery Steam Generators

Steam Boilers

Gas Turbine Fuel Conditioning Equipment

Water Treatment Plant

Pressure Vessels

Shell and Tube Heat Exchangers

Plate and Frame Heat Exchangers

Cooling Tower

Flare Stack

Instrument / Utility Air Compressor Package

Liquid Ring Vacuum Pumps and Compressors

_62_



— Vapour Recovery Unit (VRU) Chiller

— GCentrifugal Slurry and Froth Pumps

- APl Centrifugal Pumps

— General Purpose (Non-API) Centrifugal Pumps
* Vertically Suspended Pumps
» Submersible Pumps
* Vertical Sump Pumps

— Progressive Cavity Pumps

- Gear Reducers

- Electric Motors

— Shaft Couplings and Power Transmission Equipment
* Pump Couplings

— Other Transmission Equipment

- Mixers and Agitators

- Rake Mechanisms for Thickener

- Water Barges

- Cranes and Monorails

o Xotal=H(In-situ)0fl st LAMESHE= g 2.270 &2 Heldt
q |

Moz RHETNH US. T8 W2 20 = A0 &0} Upgrading AlES
St BELotd UX £, Well Pad, Steam Generator S2 AI&0] =t
2 7=

Bitumen

well pairs Steam Generator De-oiling

. .| m|| ||||||||| o
- NI

waterPOnda =
Water Treatment

Water

..-,»

(I'\f\-'\nw

Upgrading A|E 2
Dilbit ZHoj
+

[O& 2.34] Xlotal£=—H(In-situ)0ll st QAME XHelAlE & BA
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(a) Well Pad/Well Pairs: In—-situt&lo] R E=£2| Bitumens XH =0t
Jl I3t 6 H JHel Well2 &Xldt=
SAE Well Padetl] &. SAGD &8
& Production)0| 8t 22 0|&& 7|

=0dl, 0leig Wello|] &Xl=
o AL 2429 Well (Injection
20l Ol Well Pairet] =

[D1& 2.35] Well Pad/Well Pairs

(b) Steam Generator: Steam Generator= =22 20 In-situ24! 9
Injection Well Z22 Steams= BUWlls &X. AI2X2 2370
(et 8% 2 g0 Z2HE., 22 Steaml2Z MEAIZS
Moisture Particle2| SizeE ZIASAIIl= A0l &HY J|l=Y. L&t
M AME2E0| 0l HA Nuclear2 UiMots ARIF D U

[0 2.36] Steam Generator

o Lk Xlotal="(In-situ)0ll 28t QAUMEZMHES AlE2 CI=2 &
S F2 gH2 IHH0 US
- Well Pad Manifolds
- Free-Water Knockout Drums (FWKOQ)
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- Desalter

— Diluent Recovery Unit (DRU)

- Induced Gas Flotation (IGF)

- 0il Removal Filters (ORF)

- Tanks

-  Pumpboxes

- Process Fired Heaters

— Gas Turbine Generator Packages

— Heat Recovery Steam Generators

- Steam Boilers

— Gas Turbine Fuel Conditioning Equipment
- Water Treatment Plant

- Gas Treatment Plant

— Pressure Vessels

— Shell and Tube Heat Exchangers

- Plate and Frame Heat Exchangers

- GCooling Tower

- Flare Stack

- Instrument / Utility Air Compressor Package
- Gear Reducers

- Electric Motors

— Shaft Couplings and Power Transmission Equipment
— Other Transmission Equipment

- Rake Mechanisms for Thickener

-
Ny

[e]

In-situ SEHE2 FH2 MALH|(CFF: Central Field FaC|I|t|es)
cl&H| (CPF: Central Process Facilities)2 &0 A& U
%JﬂmEK§M)§Ht:ﬂ§,%%.ﬂaaOﬁm%%ﬁﬂmwﬁ¢
A Ald W A 28 2892 ZHE2Z 2|l&H0K 223 212
SO Upgrade EHEWAM Ci==2 AIE0HMNM 2= HIFH 2 2
Sz 0le @ ﬁ EHHHINEOIQUW In—situ SHE
pathJb OtY. Ci2r, 22 XMel20l 2 (150,0002) miningZ
a L €40l &dl XX 28 =<
In-situ Z2SHES BH(CPFel B3&) =

Of MHOIH QY/2/ME 2lle AUFC

= S8, BtH | Mining 2
(0]

M =
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(4) 2S2 QUMEZUE &) L A&l

© QUMCIUE AMS 98 ZUE AXLINTS (1S LHESZ 74
S, BUEAMES ACI0l BRS JIB0 U 2 2RS 2Y, L) BI)
A, M% BIIX, 28 BIIXNE 20 A20, I A 2RE L0
I, ®I|, PEMN SS BEGD US. Of2f E 2.182 LUMEEUE

SESHES GO HETS ANLINZS LIS HY

(2 2.18] QUMCZUE XL

= EE

Engineering Work
Package (EWP)

-0ff loading, Cranage and jacking

-Visual inspection of equipment on receiving and report of
Overage, Shortage and Damage(0S&D) when necessary
-Transportation, onsite storage and handling of equipment
and materials in contractor's module yard

-Storage and preservation of equipment and material from
the time they are received until the modules are loaded
for transport

-Removal of temporary supports, bracings, tie—downs, clips
and |ike materials provided for protection during shipping

to module yard and storage if these material obstracts
module assembly

—-Installation of fall arrest systems

-Installation of temporary shipping supports, tie down

etc. for module transport
—Carry out all activities for Onsite Storage of Equipment
in accordance with Equipment Protection during Transit and
Storage at site(FB-A-5673)

Fabrication Work
Package (FWP)

-Supply, detail, fabrication & delivery of all fabricated
structural steel including fasteners

-All process and pipe rack modules, stick-built and other
off module miscellaneous steel that will be shipped to the
selected Module Assembly Yard or to site

-Al'l associated connection design, shop fabrication and
erection drawings

-Painting of handrails, toe plates,
and safety gates

ladders, ladder cages

Module Work
Package (MWP)

(Mechanical Scope)

-Installation and setting of all Suncor supplied
equipment. Exchangers 94E-1055E/F/G/H/1/J are shipped
loose so this equipment can be ignored for the purposes of
this EOI

-Supply and installation of equipment insulation, where
equipment is not insulated.

(Civil/Structural Scope)

-Welding and fabrication of all structural steel

—Receive, unload, stock pile and verify fabricated
structural steel

-Maintain a material control system for tracking every
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piece of structural steel received

-Assembly of all structural steel components and grating,
handrail, ladders, etc

-Supply and installation of all temporary supports and
tie-downs required for stability of Structural module,
equipment and pipes (including their components) during
module lifting & transportation in accordance with
FBO3-PEG-PN-018  “Design, Supply and Installation of
Module Transportation Steel” . For pipe 8" diameter or
greater supports will be free issued. For pipe less than
8" the assembler will be responsible to design, supply
and install supports. Note that although FBO3-PEG-PN-018
was written for the FB3 project, it is applicable for the
FB4 project

-Supply and installation of all material required for
temporary enclosure at surfaces meant for future additions
as per drawings in respective EWP" s

-Supply and installation of all sealing materials (wood,
polyethylene, etc) for door openings

—Touch up paint where required

—Provide clear unobstructed access beneath/around modules
for loading and  transportation of modules by
Transpor tation Contractor

-Supply and installation of fall arrest system to
facilitate installation of roof cladding wherever required
—Fireproofing scope (if any) is not included.
(Electrical /EHT Scope)

—-Instal lation of cable tray & supports

-Instal lation of grounding

—Installation of lighting & supports

-Installation of on power including, JB s, control
stations, conduit, receptacles, etc

—-Instal lation of electrical heat tracing

(Piping Scope)

-Assembly and welding of all piping

—Installation of pipe supports

—-Pressure testing and NDE of pipe

-Supply and installation of insulation

-Instal lation of valves and other components

-Support and secure pipes and all accessories within
module against transportation forces

(Instrument and Control(18&C) Scope)

—Installation of inline Instruments where applicable and
all offline instruments

—-Installation of instrument supports

—-Installation of instrumentation tubing and wiring
—Installation of Fire and Gas detection system
—Installation and termination of junction boxes.

(Other Scope)

-Receive and store all Owner furnished material and
equipment

-Supply balance of material required to complete the work
—Preparation for transportation (in special for any
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material or component that need to be shipped loose and
installed at site)
-Material scope of supply: all other materials and
consumables not specified called out in the Bill of
Materials (BOMs) shall be provided by the Contractor
—Furnish clear access under / around modules to
Transportation Contractor for sae transportation of
modules
General Layout -Module layout drawing
—Piping & Instrumentation Diagram inlet separation
P&ID
produced water cooler
LOT -Line Designation Table
Piping Isometrics -Piping Isometrics
Vessel Drawings -Vessel Drawings
Structural Steel Details —Strugtural SFeel Details (Plans and Details)
—-Detailed Design
—-Instrument installation details typical wiring hook-UPS
Electrical & -Inlet cooling area module instrumentation assembly
Instrumentation Details | Wiring diagram inlet feed cooler area lighting
termination box
Datasheets —Instrument specification
BOM -Bill of Material
Specifications & S P
-8 =Y specifications & standards &2l
Standards
o PEXH QLMEESHE A L HE) =2 QLAMEZEHE HHO A2
Hl H2, B) HES 9B JISRM BAX/MEE ML M, SX =
=8 230 2HeSle SHE &Hl ME, 13 |A, 2 & d4|2
HheE M JIAZEAO Hgls YF MY SO HES JIXD US
o  JHLICH HHE XIS HUAE LLYMEZHE B=HES US 4ItK 0]
S DAE. (1) Hl=(2l2dd], 26&EHl), (2) MaME, (3) €&, (4) 2
.00 Ol2f MERUA QUMEZUE BA HEORO RELUS
SN D4 E
[E 2.19] 2ESHZE DedAts
== AbA
Estimated Total Cost Module A
Estimated Total Cost Module B
Estimated Cost Transportation Module B
Overal | shop labour rate (all in)
H = d

Welder labour rate (average)
Pipefitter labour rate (average)
Electrician labour rate (average)
Instrument Technician rate (average)
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Estimated total manhours Module A
Estimated Welder manhours Module A
Estimated Pipefitter manhours Module A
Estimated Electrician manhours Module A
Estimated Instrument Technician manhours Module A
MALS Estimated total manhours Module B
Estimated Welder manhours Module B
Estimated Pipefitter manhours Module B
Estimated Electrician manhours Module B
Estimated Instrument Technician manhours Module B
Average Daily diameter inches welds per welder
Time to complete Module A
2 Time to complete Module B
Time for transportation Module A
=& Diameter inches rework / total diameter inches
HUCH LEME ZZMEO & (€ Soll &dIHEH, SUHE EE3E 7
et 202, JIAH, &=, &J], IIOlE, M) S22 H=2E0 JALH, 1
200 et JHLICH S XMAEE 250 282 Jafs Jde 252 L
HAMH U2, Ol 825 2 0| B=340 2 &= 0IX= A0
20l Olol e QLAYMEZHE MA EH L AE LEHO0l etXlD| [
F. &F J=82Z ofZolioF & F=20 CHe LaE 4IHEH Ot et
23
— Module ‘A" & S 38 A& Z2NA 2. BHE HE X
A2 A= ZE2 7.5m (width) x 7.3m (height) x 30.2m (length)
2. O4J|0l= Exchangers, Drain drum S2 Z&0otl US. HAO|
BlWE 37| HHZ0 HHE 2f NFUHAS 282 E0I6tA 22
-  Module B = Well Pad? molZ=d Zs0/0, M2
L EH, oiyd28F 2

dm(width)x4m(height )x16.5m(length) 2,
|.

[E 2.20] Module ‘A’ 2| Specifications and Standards

—

Rl

Specifications and Standards

—-(FB-C-5609)ASME SECTION VII1, DIV. 1 - PRESSURE VESSELS

. (1) Design, materials, fabrication, inspection, testing
Mechanical (2) Alloy cladding
~(

FB-A-5671)MECHANICAL EQUIPMENT FIELD INSTALLATION REQUIREMENTS
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) Mobilization for equipment for installation

) Equipment receiving, handling, storage, etc

) Loading, placing, erection, levelling, alignment and securing
) Removal of temporary supports

) Equipment maintenance prior to turnover

—A-5673)EQUIPMENT PROTECTION DURING TRANSIT AND STORAGE AT JOBSITE
) Preparation for shipment

) Recommended Rust Preventives

) Special Rust Preventives

)

1
2
3
4
5
F
1
2
3
4) Alternate Rust Preventives

(
(
(
(
(
~(
(
(
(
(

—(FBO3-TDA-125)PIPE CLASSES CAQ AND CAl
(1) CAO - Hydrochloric acid application for indoor service
(2) CAl - Hydrochloric acid application for outdoor service

—00035-07.15. 1-7)MECHAN | CAL STANDARD DETAILS & DRAWINGS LIST
Minimum spacing between edges of welds
Pressure vessels bolt hole orientation

)
)
) Pressure vessel tolerance
B

—M-5301)DESIGN OF STEEL STRUCTURES
Materials, design, fabrication and erection

-M-5302)FABRICATION AND DELIVERY OF STEEL STRUCTURES
) Materials, detailing, connections, fabrication

) Coating and galvanizing

) Qualifications and procedures of welding

BO3-TDA-171)MINIMUM SECTION THICKNESS OF STRUCTURAL CONSTRUCTION

HOT ROLLED SECTION

03
1
2
3
F
1)
2) Bolted connection, welded connection
FB
1
2
3
. F
Civil/Structural A

F
Thickness for corrosion

-00035-07. 15. 1-4)CIVIL STANDARD DETAILS & DRAWINGS LIST

Concrete paving and slab

)
3
) Steel piles and cap plates
)
3

—00035-07. 15. 1-5)STRUCTURAL STANDARD DETAILS & DRAWINGS LIST
) Structural steel - splice and connections

0
1
2
0
1
2) Structural steel - fireproofing

FB-P-5506)General Electrical Installation

FB-P-5571)Packaged Equipment Electrical Requirements
FB-PE7-GP06)Testing of MI and SR EHT cables

03-00035-07.15. 1-1)ELECTRICAL STANDARD DETAILS & DRAWINGS LIST

Electrical

FB-L-5202)PIPING MATERIAL SPECIFICATIONS

FB-L-5203)VALVE SPECIFICATIONS

FB-L-5204)PIPING FABRICATION AND INSTALLATION

FB-L-5205)PIPING PRESSURE TESTS

Piping FB-L-5208) THERMAL INSULATION OF PIPING, VESSELS, AND EQUIPMENT

FB-L-5213)POSITIVE MATERIAL IDENTIFICATION

FB-L-5214)STANDARD FOR PAINTING

FB-L-5215)CHEMICAL CLEANING OF PIPING SYSTEMS
1

3
4
5
FB-L-5217)SHOP AND FIELD WELDING REQUIREMENTS

—(
(
(
(
~(
(
(
-(
(
(
(
-(
0
(1
~(
(
(
-(
(
(
~(
~(
~(
~(
~(
~(
~(
~(
~(
~(
~(
~(
~(
~(
~(

)
)
)
)
FB-L-5210)PIPE SUPPORTS
)
)
)
)
)

|&C FB-J-5404) INSTRUMENT INSTALLATION
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—(FB-P-5575)POWER, CONTROL & INSTRUMENT CABLES

-(0S MPG STD-0405)STANDARD FOR INSTRUMENT, INSPECTION, CALIBRATION AND
TEST PROCEDURES

-(03-00035-07.15.1-2) | & C STANDARD DETAILS & DRAWINGS LIST

Electrical heat
trace (EHT)

-(250 FB-P-5511)Electrical Heat Tracing
-(03-00035-07.15.1-3)EHT STANDARD DETAILS & DRAWINGS LIST

—(FBO3-PEG-PN-018)DESIGN SUPPLY AND INSTALLATION OF MODULE

General TRANSPORTAT |ON STEEL
[E 2.21] Module ‘B 2| Specifications and Standards
22 Specifications and Standards
Mechanical -N/A

Civil/Structural

—(FB-M-5300)CIVIL/STRUCTURAL DESIGN CRITERIA
(1) Design loads, structural design, steel
(2) Civil design

—M-5301)0ESIGN OF STEEL STRUCTURES
Materials, design, fabrication and erection
Bolted connection, welded connection

—M-5302)FABRICATION AND DELIVERY OF STEEL STRUCT.
Materials, detailing, connections, fabrication

Coating and galvanizing

—M-5303)ERECTION OF STEEL STRUCTURES
Material handling and erection preparations
Field coating and inspection

—PE2-GP02)GUIDELINE FOR STRUCTURAL STEEL CONNECTIONS DESIGN
Connection development
) Connection design

-(FB
(1)
(2)
~(F8
(1)
(3) Qualifications and procedures of welding
(2)
~(F8
(1)
(2)
~(FB
(1)
(2

—(FBO3-PEG-PNO18)DESIGN, SUPPLY AND INSTALLATION OF MODULE
TRANSPORTATION STEEL

(1) Transportation steel
2) Temporary steel

FB-A-5673)EQUIPMENT PROTECTION DURING TRANSIT AND STORAGE AT JOBSITE
1) Preparation for shipment

2) Recommended Rust Preventives

3) Special Rust Preventives

4) Alternate Rust Preventives

—~ o~ o~ o~ —~ | —

~(DDOO-M-114~1/DDO0-M-114-2)ENGINEERING STANDARD DETAILS . ERECTION
FALL PROTECTION

~(DD100-M-1-1/DD100-M-1-2)ENGINEERING STANDARD DETAILS . STRUCTURAL
STEEL GENERAL NOTES

-(DD100-M-2-1/DD100-M-2-2)ENGINEERING STANDARD DETAILS . STRUCTURAL
STEEL BASE PLATES

—(DD100-M-6-1)ENGINEERING STANDARD DETAILS . STRUCTURAL STEEL STAIRS

—(DD100-M-7-1)ENGINEERING STANDARD DETAILS . STRUCTURAL STEEL HANDRAIL
AND GUARDRAIL
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—(DD100-M-8-1)ENGINEERING STANDARD DETAILS . STRUCTURAL STEEL LADDERS

—(DD100-M-11-1)ENGINEERING STANDARD DETAILS . STRUCTURAL STEEL
VERTICAL VESSEL PLATFORMS

Electrical

~(FB-P-5506)GENERAL ELECTRICAL INSTALLATION
FB-P-5507)SURGE PROTECTION DESIGN
FB-P-5571)PACKAGED EQUIPMENT ELECTRICAL REQUIREMENTS

Piping

~(

~(

—(FB-L-5202)PIPING MATERIAL SPECIFICATIONS

—(FB-L-5203)VALVES

~(FB-L-5204)PIPING FABRICATION AND INSTALLATION
-(FB-L-5205)PIPING PRESSURE TESTS

-(FB-L-5208) THERMAL INSULATION OF PIPING, VESSELS, AND EQUIPMENT
-(FB-L-5210)PIPE SUPPORTS

—(FB-L-5213)POSITIVE MATERIAL [DENTIFICATION
—(FB-L-5214)PAINTING

~(FB-L-5215)CHEMICAL CLEANING OF PIPING SYSTEMS
~(FB-L-5217)SHOP AND FIELD WELDING REQUIREMENTS
—(FB-A-5673)EQUIPMENT PROTECTION DURING TRANSIT AND STORAGE
-(FB-PB1-GPO1-FO9)F IREBAG MODULE SIZE & TRANSPORTATION GUIDELINE
—(SUNCOR STANDARD 0114)ENGINEERING DELIVERABLES AND AS-BUILDING
REQUIREMENTS

—(FB-PE6-TNOO1)ORIENTATION OF PIPE SEAMS ON WELDED PIPE AT MODULE
EDGES

\/\/\/vvvvvvv ~— ~—

1&C

-(03-000350-7.15. 1-IND-3)PROJECT LIST OF TECHNICAL STANDARDS
03-000350-7. 15. 1=IND-2)LIST OF STANDARD DETAILS AND DRAWINGS

Electrical heat
trace (EHT)

FB-P-5511)ELECTRICAL HEAT TRACING
0D100-P-2001-1)ENGINEERING STANDARD DETAILS — EHT

0D100-P-2031-1)ENGINEERING STANDARD DETAILS - EHT

General

STD-0114)PROJECT DELIVERABLES AND AS-BUILT
FB-A-5673)EQUIPMENT PROTECTION DURING TRANSIT AND STORAGE AT JOBSITE

~(

~(

~(

-(DD100-P-2001-2)ENGINEERING STANDARD DETAILS - EHT

~(

~(

~(

—(FB-PE5S-GPO3)MECHANICAL EQUIPMENT . LONG TERM STORAGE PROCEDURE

° MENQ QUMCZUE PSS ISH 22

- Piperack modules

- Process piping modules

- Equipment tray modules

- Motor control centre (MCC) buildings

- Equipment modules

- Stair tower and other structural modules
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[H 2.22] OHE 28 &8 £ 2J| O

Module Description Module Shipping Size (m)
Width Length Height
2.5 118.0/24.5/26.0/30.0/35.0 6.0
4.6 35.5 6.0
Piperack Module 4.6 24.0/30.0/36.0 7.2
6.3 34.0 1.8
6.6 33.0/36.0 6.8
Electrical Cable Tray Module 3.0 36.0 4.0
Tank Farm Sleeper Rack 4.6 18.0/24.0/26.0 1.2/2.4
2.5 36.0 2.5
Process Piping Module 6.0 20.0/26.0 3.5
6.6 36.0 6.8
3.0 18.0 3.0
3.7 18.0 6.5
3.8 16.0 5.5
5.0 12.5 6.0
5.0 14.0 7.2
Process Equipment Module 6.0 16.0/22.0 6.0
6.0 14.0 6.5
6.3 18.0/18.3/25.0 6.5
6.3 25.0 6.0/5.2
6.5 11.5/30.0 6.5
7.0 15.0 6.5
Electrical Equipment Module 6.0 20.3 4.5/4.8/6.5
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(OIHX AWEMAE ZHUANL S24) HUX uFHE SEHUA
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A & A= N0l e 240l S

PEH QIMESH
0 UAS
— QUMEE= Siist JigHlEez FMA0l AN =M FILASUH
e =94 W22 x2 FSFEANI 020K JUS
— 20108 XNABHNEE MA = QLMHE HEXSHO JHLICH LHEH=
2t MOUE HMZst dHt A2, Olullet SItAs S MSAHE E AR A
off st=22192 ZHOEHOF ol & E3)
- =2 MOUE Sdol 218 W=, 39 iz, 7ItA S dSHE2 &
A ARREDON CHEE St=D18 2l &0 =0, AHEHUEHX Z20F =D
2 H&E SO0l Cioll &alg
— GSHE2 HULCH YHEIF SHBE ZF0UA QLLMESHE(SAISNH
3,600 )E SAF S0l U220, GSHE =0t otLiet TIE UE A4
MEE =01 N9 HIES WX 2 SHE =0 H=802 &=
— SOIXSGOILICHS BIME HUX Y =2 28 202 == Jis
H48 =0FE=E S =2 HE FAMUAH It €21z dYED
) Expansion Expanded Commission
Project Company
(Phase) Capacity Date
Milledium Suncor 180,000 501,000 | 2012
272,000
Firebag Suncor (4 Phase) 367,000 | 2012-2019
216,000
Long Lake Nexen, OPTI (3Phase) 288,000 | 2012-2018
‘ Shell, Chevron, 200,000
Jakpine Marathon Ol (2 Phase) 355,000 | 2012-2014
- 185,000
Christina Lake MEG Energy (4 Phase) 210,000 | 2013-2020
Christina Lake Cenovus, Conaco Philips 240,000 258,000 | 2013-2017
(6 Phase)
, 90,000
Foster Creek Cenovus, Conoco Philips 210,000 | 2014-2017
(3 Phase)
35,000
Jakfish Devon (3 Prase) 105,000 | 2015
Surmont Caonoco Philips, Total E&P 83,000 110,000 | 2015
(2 phase)
. 200,000
Midred Lake/Aurora Syncrude (2 Phase) 407,000 | 2016-2018
Klz: Government of Alberta, Oil Sands Developers Group, HMCEAES T
[0 4.3] MLICH QLM AFSH =
— 50|, QLME IEXQ HULH dHEle SEXNIELZ HAEIis D

w
-

st=0 X, 2010.11.15.

4) Industry Report, HICEXI=SZ, 2012.04.17.
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1519/
(& 7579H)

1HI2

87 /4
(& 433Y)

1-1
activity
(54)

S A%AE'JHU% 40%)
L 0I8D1= HE(40%)

24/

(=(23%0. 4427%0.

4)%1.2)

1-2
activity
(44)

21g8/¢

(=(23%0.3+27%0.

4)%1.2)

1-3
activity
(44)

A Y Olfzjlag JHH*(4O%)

2438/

(=(23%0.4+27%0.

4)%1.2)

1-4
activity
(44)

J

OI&J1Z JHZH(40%)

2%/4

(=(20%0.4+20%0.

4)%1.2)

2HI&

659 /4
(& 3244Y)

2-1
activity
(44)

SR /\|Af—:4| ]Ht” (50%)
Jl= N (30%)

238 /4

(=(23+0.5t25%0.

3)x1.2)

2-2
activity
(44)

fTH 53 Eﬂ a8

44

01=I1Z JHEH(30%)
3 AlAE e

248 /4

(=(23%0. 4427%0.

3+10%0.3)*1.2)

2-3
activity
(44)

168/4

(=(27%0.3+10%0.

5)%1.2)

2-4
activity
(34)

24

(=(27%0.4423%0.

4)%1.2)




B oactivityE GXtE 0l 22008 (Y)
Aol (d) 1XEE | 2XEE | 3XEE | 4XEE | 6XE S A
HAE | 70 133 191 201 162 757
THIE 70 90 121 94 58 433
1-1 activity 22 27 31 23 17 120
1-2 activity 24 25 31 18 7 105
1-3 activity 24 24 31 24 17 120
1-4 activity 14 28 29 17 88
2N 43 70 107 104 324
2-1 activity 15 29 30 18 92
2-2 activity 16 29 28 23 9%
2-3 activity 12 12 20 20 64
2-4 activity 29 43 72
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2. EHMAIE A~00&

(EH91:218)

1XE = 2AE & 3XE & ARIE & 5XtE S =]
HE |QI2F (B |2 (202 (83 |ZE (2l |8 | ZE (22t |8 (FE |22t |8 (AE |22t &
o Ck 20 [13.233.2|39.0(25.7|64.7(56.0(36.9|92.9| 58 |38.2|96.2| 47 | 31 | 78 [220.0[145.0| 365
TRHISDHA | 20 | 13.233.2(26.0(17.2|43.2(35.0|23.1(58.1| 27 |17.8|44.8| 17 |11.2|28.2| 125 |82.5|207.5
1-1
(activity) 6.0 4.0/10.0/8.0 |54 |13.4/9.0|6.0| 15 |7.0|4.6/[11.6/5.03.3]8.3]| 35 [23.5/58.5
1-2
(activity) 7.0 46|11.6/7.0|46|11.6]9.0|5.9|14.9/50|3.3[83|20|1.3[33]| 3 [19.6]49.6
1-3
(activity) 7.0 461167046 |11.6/9.0|59|14.9|7.0|4.6/[11.6/50[3.3[83| 3 | 23| 58
1-4
(activity) 4.0|26|6.6[8.0|53|13.3/8.0|53[13.3/50(3.3[83]| 25 |[16.4|41.4
2K IHA 13.0| 8.5 |21.5/21.0(13.8(34.8| 31 [20.4|51.4| 30 |19.8]49.8| 95 |62.5[157.5
2-1
(activity) 40|26|6.6(80|53[13.3/8053[13.3/5013.3](83| 25 (16.5/41.5
2-2
(activity) 5.01(33|83[9.0|59|14.9/9.0|58|14.8|7.0|4.6/[11.6] 30 [19.6]49.6
2-3
(activity) 4.0(26|6.6[4.0|26|6.6/[6.0/|40| 10 |6.0|4.0] 10| 20 [13.2]33.2
2-4
(act ivity) 8.05.3|13.3] 12 |7.9/19.9] 20 |13.2(33.2
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3. HIRLHE A0 A
Jl. QLMEEHE DES)|=s AR SZAL0A
(BH91: wOH)
W = Lm 2 3% 4% 5% - 2AHI
£l HE HE HE HE (%)
1) Q12| /2% 1A 1,195 | 2,329 | 3,344 | 3,463 | 2,808 | 13,139 | 36.0%
HIIX
m? e 518 743 771 624 2,924 | 8.0%
oimx | ¥ Al
ol A=E 581 1,132 | 1,626 | 1,684 | 1,365 | 6,388 | 17.5%
THEHI RI= ] ’ ’ ’ ’ ’ 0
M2l 432 841 1,208 | 1,251 | 1,014 | 4,746 | 13.0%
2) AFH| ol 133 259 372 385 312 1,461 4.0%
olp | AsgH 2
ss s 66 129 186 192 156 729 2.0%
9 Jzme
e 116 226 325 337 273 1,077 | 3.5%
g 100 194 279 289 234 1,096 | 3.0%
3) 2+EH 429 842 1,207 | 1,248 | 1,014 | 4,740 | 13.0%
g 3 3,320 | 6,470 | 9,290 | 9,620 | 7,800 | 36,500 | 100.0%
Lb. 1HIS3H A0 A
(B9l war)
W = Lm 2 3% 4% 5% - 2AHI
£l HE HE HE HE (%)
1) Q12| Li/91e oA 1,162 | 1,512 | 2,034 | 1,568 987 7,263 | 35.0%
HIIX
m? 7 166 216 291 204 141 1,038 | 5.0%
oimx | X Al
ol A=E 730 950 1,278 986 620 4,564 | 22.0%
THEHI RI= ] ’ ’ o
M2l 498 648 872 672 423 3,113 | 15.0%
2) AFH| ol 33 43 58 45 28 207 1.0%
olp | AsgH 2
ss o 66 86 116 90 56 414 2.0%
" ko 133 173 232 179 113 830 4.0%
=Y e
g 100 130 174 134 85 623 3.0%
3) 2+EH 432 562 755 582 367 2,698 | 13.0%
g 3 3,320 | 4,320 | 5,810 | 4,480 | 2,820 | 20,750 | 100.0%
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Ch. 2HIS A A0 &

(e

i = 1% 2%t 3xt 4xt 5%t - 2AH|
B HE HE Y~ HE HE = (%)
1) oA Lh/Qe o1 817 1,310 | 1,895 | 1,821 | 5,843 | 37.1%
| X
f 7 302 452 547 483 1,784 | 11.3%
oy | % AlEH
B ANEE .
Tz S, 182 348 698 745 1,973 | 12.5%
M| 193 336 579 591 1,699 | 10.8%
2) =@ o1t 216 314 340 284 1,154 7.3%
o | A8H L
as PN 43 70 102 100 315 2.0%
|&3= 53 93 158 160 464 2.9%
S e
olpag 64 105 155 149 473 3.0%
3) 2+FH 280 452 666 647 2,045 | 13.0%
g 2 2,150 | 3,480 | 5,140 | 4,980 | 15,750 | 100.0%

- 209 -



6&. WM ML A

12, Al M2+ AH (RFP)

1. 91t RFP

o3 WHHY

o
i
gJ_
t0
e
[=
n
1]l
&
|m
X
=
p=!
e
X
9
[/}
=
ng

1.

AU =SH

X HZE CHHl SADI2E 50% 24 (100% — 50%)

= M 25 28| 40% 22 (100% — 60%)

QUMEZHE DSSHE 50% &4 (30% — 80%)

QUMEZHEE AT 0I2I12MY & IEE 9% &S (20% — 90%)
QAUMEZHE K J4tstE BH4F (20% — 70%)

SESADI2E 30% &

Pilot 35 =& (M=, 28, NS, 2X24s =

oo

)

e
4
=
et
I}
FO

0x
Ne
J

==

0o

e

4
=
ng
lo
I}
ro

0x

] 1Ze
of 2 Ol4CR HEGH

=0 520 2 L3
=5 F

=}
o
&Y

M Ol

- =

SE A2 MY US.

0

=)

o 4 2 K
™ &

0
4
2
|'U|I
>
LR
&
g t0
f
:>£
1]
>
© x

o 0

4

ha

+

J

S0 HQ Lo e

AN
m
o s
HLI
>
=
Y

=
IS
J
>
H
Ja
[

S
o
=
g
2
!
[0
o 0o

10

t
10 A2 X2 D
ME B=HE HUDH L =2
Z0=2 2 Il HLICH 2
S & Sub-contracting, AHAIEH
L AXILIHZ(E) & L2 XK
olf

= =
o =TIt 2 HY

B

IHLCH

A S

t

>
0z
o
\J
>
HU

H

A

ne
|’>—
R
[Pl

i
(@)

u
M
10
mn
Ay (0

|

F

= {o
—

[0 HL A N2
=
I
4
A
=}
2

I~
=}

J

P

AL
=}
10
0y
02
Ju
=}

>
o
R J¥30 2 4y O

THH%FHU
= >
plow =
10

{0 ol
1
W
S
m
S
I
0z
or
k-
>

e oo

Mo 2 =2 HO o for Jmrir oY X re Jg oz
=0z

mo = -

i

USH, 2017H01 ZH M AE
(e}

IS0l AS. B Lelliets
Oldis= HA1l A= 230D M

Ot

=W ALAet SHES 2
=0l =S EAHOILY, 2
A BZ20F(C) 0l A
S=56t0, JIAHM

[0f
FOHLICHS @2 BII0I™ 3lAtete

B)al

7t

oo

HO

=

=
5
i)

=
[

2 B IR N o

HO OY [ o

0w H

Mo

-

w
o
00

HLICH HHEH= S&E KNP A4&Its J12H0] MIEtEO|
@S =0t OotLich &S A 10010101 20 SESAH
o

o 1o

I

W20, 2FA01=00 st 2450t

1
U

0
i
|

QIACE ATHO 50 UF Y ZEJMEQ 2YSE =2
AS. L2 ol0|EZ2 0| =2+l (Hydro-transport pipeline)
22, HIEHO S820] D2 AEZ E06t)| 20 mojZo| 24l & 02

Zl
AS. Sol, HESIIQ H=E2 I LUYMMOZ 0|0 LRI it
o

Jl
HUCH S ¢HEF2 22 JI2X90 |IXIo22 M2e40l
t2ot SHES +=HS HHGIA L] ot JI=IHE0l ML)
A
= T

- 210 -




It 2 %ot e W= (6HB~120H)S JHKLD ALt =2 LHOIZ2H0!| 281 014
oz Ast NESATE AMEotd REE2| life-cycleE JH&dtE AlIDH St6tD QU
= =ML

J|E EHES DEHS A= SHa/aietol RAXIGHD U A0S I2l0F ot tE 2
£ AM30| JIsotAXI, QAMEZHEE= FX2 X0 XISt AN 2EF 42|t
1000kmOIAIC 2 21 J|E S2US 0I5 R0 2L £ Y= 2EID|0 HMLS
22, et 222012 LS Hde £ AN SARS0 SstE 2S)I= 20l 2
=]

QUMEZEME HEI|Es S Stick-build — Alberta Size W& 2=(7.2n x7.2m)
— SN/ET 2452 ZS(4.0n x4.0m 0/5H2 EEED Us =AHOIN, 2E2 &I
L5 Y USEH AN LUMAHE IFEDS HHE HEotD Y= =AMLY, GE

= HdHE 8 = 12 HiEE SHEI B
1

=
2% 22 3 WS + 78 H2E B O HiEE ZME AN
QUME HBLHOIS B0l NERZ(S4 75m Ol A28 =HHZ(Mining) =
RS ol Ao =
g

cl(hot water processing)ote &0l 2ol ala=%0f, ZA0l &
ooz soll A8s2 F20

3\_|' —$— = =
method)0l AIEE. SEUl= SIS0 2 Ma0] FE OIRU2U, 22 &H L &
EXQI MALS PIGHH SAGDRt 22 KIotals="EH2=2 J|=0] 2L UA=s FHY

=
i
[
2
t0
e
=

o

o

HEZS 40 Ny

U
o 09

0 19 ror gy 1M

FO Wn HJ My
i

1
0.
=
1l
kJ
i
o o
2 10 H

=
= Q

o

M0 AL

o

H

o

el

i

H0
o
00
o
O re N
o}
|

U
1 b

na
=4
o
W
O ogr
Y
m o o
=
N

|
o> Hj HE Ho
for

HJOH e 0x
09 0x =

g‘l_l
—

tH 0
MY 0
O o
i
2
2

ra

o

=)

@ o

ogistics A+
= N

| J
- MALEOl Jtsdt 25 & NXNFEM i
|

O OF

- Jlsd &Hl 20 st Pilot Test
QUMEEME 25 EFs D= W
- QAMEENE QAN Oist JIs/JlE AN 24
- QAUMEEMHE HFg) 2ot 23
- MAF AH|YE Z=25(0H 2d
- QUMEZHE EFEDs & 2 &Y AlIsdolE
- EFERE AF QUMEIENE TELN
- Mock-Up MIZH & Field Test
QUMEESHEE NHs 4N 0l82J= HY
- QUMEZHEZ AMIHLE st RTAMEs & USZIZHA FE
- Moy, W2, UWEAH nds AN 0101 He
- D85 ANE 0|28 QUMEZHE & H o e
- QUMEEHNHE N4s AN E32 M4 ¥ SHE
- QUMCEEMNEZ Dds AN MU oIS

HSLH 2 : QUMEZHE 25 MA/AZIE HY & Pilot Test
A o

QAMESHE HE2E2

- QAMEESHE 2E A3 o5 224

- SHE JIStEAS 1Neloto MAHANA Lot HEUS Jls i
- QUUEZHE DE HE O MAYM e

- QUMEZHE HEAA JH0I=2tel & 215

- 211 -




= SbSED

HHAHE 74
QUMEESHE BEF &
o =
= -

r

o HE JIIHE ASIIE &L B 2= Y
- QUMEZME RS FFMAIZ2) = N
- QAUMEEME HEZHAS 2RI|= e
- QUMEZEYME ZBI|CHE J|RD|Is W
- SE)| SHEABAIS LAFAYZEZ(MHIIS) Iz N
- QUMEZEYME DSALAIAE L SEI| Al22el Jls g
¢ QUMCEME DEAAY XD
- QUMEZME DSAAH &AQ0 24
- QUMEZEYE DSAAHY AFEA HIPDIE 2=
- QUMEEYME DSAAE &AMPAH B Y
- A8&EIL & Y=
- QAUMEZME FX2el XA I
o DS QUMEESHE Pjilot Test
- QAMESCHE HED S0 s 45 845 48 & IIEH
- QUMEZEYME EFPE feasibility 2H L A24 2SS
- QUMEZME DS Pilot Test
- QUMEZHE Ds HAHHE 24 & EEXNE Y
4, AN
S FSEE
HRC R HE QUMEEZME DS} IS 6t O AUE XS Pilot
Plant Demo, Track Record &&2Jt O|2H& = JUZS= Value Chain MHME E&dte F

U AIZAIR ITAZS] 01 MHE TEET SAK QUMCBAE 252 S, A
X, 2ur AX0| U= JIYo HOZ B0 AL 2o HAAH NS Y
20210l NIS=20 |2t g§801282 JI=IiY dES 20s, =Fstol)| fIotH Jt=E
=&, FIt &8 JIsd Jis&E, B AN d2d, M7 S8 Dot
O JIsiiY 2EYo RUERE HEHOZ 2I0I0 =8 #Ha)|l=2 A
HACo E22E ¥ N, S2EE e AIR=S2 FE06t A7H 2I2d SQAE
BOIE Rl 2IRRIIE P4
L5t DIed FHO 24Tt ASIH/AHE SO AHTE SAON RG] AT =
Xl FIH -B30|2 HEANES F+ENL =RE EIEHOZI feedback¥® = U=
2t Ak B 10| 2R MBI} HEHS 74

| 252 oude SUE 43 % ALY|S Ty

. +

QUME SHHE 4 EPC 20} 7|20 =
A == #0719
1

3 R

- BE A/
-B3Y AT 0871
-BHNZ B HESY

o

- AR EE

-0E A|AH 7w

-UMc EHE RESt
714 EPC Total Solution

|
Pilot Test

5
Track Record EE
: Rush Lake, Black Gold &

*7|&0 Y Ha
* Open Innovation
DOjAA A S

o Rolling

e Eadmol oz 2, oF |t
-5 7l o o]
thet ma| Zef

- 212 -




&R A

=
.

P CESS IR

s RIS = = O W R
_®0 1o ® [ T35 K
[ a_.___z o [[e] 0| u] N u
ElR) ) of 20 mHo n <0 2
X0 H0 W= o Kto Kio qm__lou =0 s =
W= i z _ k< F )
WK = U o) Kl T !
R K 5w W I b3S o
- ok R T = we X = S
T = R0 m iy KF - B ﬂwﬂ = 0 5=
oW 5 i *oaARd 2 iy o al T
<y SOl gy = s . U 46 i o X = oY
= g & N - El w — %0 70 - KH 30 B =
iR Two®™ w0 Yo @ 0% 5 K A ! T
RO =0 = — ~ w0 . D » A = —
m%m&@ﬂ o %0 %e%%e%mﬂ 2 ] TR W RS
My 5 <5 WK W P S A ol o R0 =< _
E._EW__/_%:MO E__\.,.Nmu; ok 0 =_,__E DxE.r_Eo_E OTWWNW ol Mo..ﬂ_.__m Bl __c._o% 10 ok A_.___ﬁmlimxm_m
meEsM_ .85 L SRy o Dk e ok ® %0 WIS g
== 2 . wE W _ g . g Y DS
e LTI A LT 2 54 D KD AR
RS R Ml 252w Palhz Tw i S PEr gy <
HQWA_WO_ mm_u.r,LD __oao|.@.@._.mrmw__|oﬁ_| = <) © - U NFMﬁMﬂm_xo_ﬂcPﬂﬁﬁo.ﬂvmam_x
g HEEERERS G o geu NEER R e R
ol &z o Wk ﬂﬂa?rol_x'm___; NI _Azmmmra&&Mozogzlaéé%A
I TRl M WA U e B W G o7 a0 B EET WE TR AR SR E <
Oy S n =)W= & U Sk HH__RH..A.AxIMIHo_m, Mo ©
Wz W b EME%@%%EWEE %ﬂw%IME@MJ%XQQHﬁWR%%%MM
M%%%JEQ%% %%%g%%gwy§§ %@%mygﬁagaaégggzamﬁﬁggg
%Q%%&ﬂﬂ%m %M%&E%ﬁl%mm MF%W@MEEMMME@EE%%E&%EEE
drom=<is o Ngr O = B o HITZ 18 1, & . O o0 60 610
sy ame w55 o _ 5. S _ IR=T R o o ® 2
S 3 <o RS 12 <7 ok K w0 = S e 0y = ol P g g o U =z Wl wl
]~ <0< Y Aar0— Aok = 2 Uty 20 =N W)Wl w
wwa_ﬁ@_sﬂwéwﬁﬁm&ﬂm_____Em_ms__@m:”ﬂ _o_1ﬁ§2mgE_m_E@%E%%%%W@%%%ﬁ
@ﬂ%%f&rJxmaxeﬁmﬁm%mwjﬁvw&_a_ m_w;.__r__ﬂxomwm___%mamamﬂ_@mﬂi_aE_E_“_Egomﬁ_n_____“____n____n______w_____
e LTI PR Eliblohiaibink ol
& ol g3 _TEg 2 FIIINIIIINDPIII I3
OTMMWAD__OX_J.J_ W.T_Alur.:.ﬁﬁoﬂ_%_woﬁk %:ﬁ_ﬁﬁaommm_m_m_ma%mmawawawaﬂomoaoEoEoEoe
L. E%%ﬂﬁMMﬁémé@ggﬁ A= g e o S e o oo
g R A DR = ol ZOTRIA =wECR & W
T 5 RO or <) IF 2 © o= ® S oo
[ K <l LB
1]
=
ar
Rl R %
80 .
0K

- 213 -




54
-1 NS 2t
- 2 NS0t

HAH| OllAk:

0

4~5 A (1~3 activity: 5, 4 activity: 44)
2~4 A (1~3 activity: 49, 4 activity: 2&)

oM

: 125 o2,

Z 206.8 AU (HE

-1 NS 2t
- 2 NS0t

3

=2
=]

oAt AR Mot £F 2 4 9

7. J|E

otH, O

A0l KIetotod Ok

=
=]

= ATHEA

ulo

X0

2 A

o2 HFIHEH

=
[

A HeEs D)

&l
=l

A0 KAl

=
=

AHE D]

[

T

i

0o

3+

ol
5!

- 214 -



RO
4

K

~
A0

il

10
R0
KIr

]
-

ol

Ho
70

O CH A

ol

oJ
Rl
S
=l

X0
on
=
Oir
ki
)

o0
mo
ioffl

JU

110

ol
[
ijg
i0J
o

B
o)
oo
ol

U4

IPNPN

=)

}

HE 1
4

VE
S

—

o—

4}

XHA|

=}
2

o0

r
H
o)
=
KA

B
5

)l
<

ol
il

gotel e

’

OF

T

K

70
RO
«l

—_

aJ

)]

[Z 6.1]

0 z +
0 T =
—~ - |—IM
%0 o O =
o - oJ
©0 = = )
0 o = ol
S = ﬁ = A
= 2 T &0 e = ®
w - P{— o = <F
3 W R e =
& 0l = 0 = T " ] 7z .
ar | o & L =8 |als
| — = — g KU z |z = 0
1K - T v RT g o on ™ GM
2lou 5382 0705 3 SEEPLIE
= o _ _ | = | < U
= g O = 70 2 i AMZ%N 0 —
%0 o X0 w0 D 0 W R Ky + K
an Io % = = BJ = = Mur_.._ T 3] o _.A._
g O N oD 0 mno o N R
oY K 1f pe ar el o 0 _ 1l
TR N I
8 - = 50 S W= o 2
oK E o = _ &l olo m X0 — o Wo
R o0 ac ok il = o o &+ ENl
- — = Al _ p— 2
i = = o on oh Rl X0 5 U
o = Hl 7 A & Ol
Ko = ) 3= SR LS T
K X _J_l ol ™~ X0 = ol K _ RN
< 3] Il h 0| &R ®
.- 3l &) T | or
. o . . 3l &) m0 H_.__.
70 ~ * kio
Lo RO °
| = &
760 A Em ok — mxm.o _ ~ X0
| o0 . R il g o — m | A
= = 7 i o - 70 RO ) 30
~| 2 21 ST I o Rt
) = g) o =l T
| Zv K- = X0 a1 ) X0
8l N_,w_v o - -
J = ) K w
m

wh
1

20

ool

1008010, &82 60% Ol

N o
o

0

*

- 215 -



AHWSI=8ItY, A4 ws 0ldswlls &=, 2007
AHNSIN=EIR, B4 Jlse 2 A8 A710/2 21M, 2009
AE2WSI=8otd, ZZUHUESAME AEIIE 2SE0A, 2007
WS =8I, ZEUHWSEAMHE dADIE ZSEDA, 2008
MNEUeW, =ZHUHWSASE AFNMII2 A2 HE A, 2006

M2Uistl, ZEUHUSAIZE dADI= AAHEH A, 2007

SEMHSR, M4Xt A&II=XMEII2HE('08~'12) =FeH 2009

st=0s =3, Nsd dadug I8 A1HEAHEAM, 2011

Canadian Energy Research Institute(CERI), Canadian oil sands supply costs
and development projects (2011-2045), 2012.3

Energy Resources Conservation Board(ERCB), ST98-2011, Alberta's Energy
Reserves 2010 and Supply/Demand Outlook 2011-2020, 2011

B Visiongain, The Oil Sands Market 2011-2021, 2011
B GlobalData, Global Gas Shales Development, 2011-North America Sets The

Momentum For Shale Gas Developments Worldwide, 2011
QuUSHE ZHIHM= HUHXE, HUX-AM3 FOAks, 2011

SEEES
=Iots )| =232, M2x ol XDz IHE A 1.11
SIRNSH)|=D|EEHIIR, ZUHEAMY I HHMSE, 2010.3

JIEMNER, usSaR, NABHE, 2EdlSdR, =, SAI|EgE, =S¢
E =23l & Ed3 Mger, 2009.7

et=0URDD =8I, =2 HUXDJI=HEAME S5 2 2, 2011

KICT, 2010& 2&Ddl= =&, 2010
NIST, www.nist.gov/tip
National Research Council, 2009, Advancing the Competitiveness and Efficiency
of the U.S. Construction Industry
CHetzddEal, 201148 1271 A4SH, 2011.5
OstALBS|, HESH HES (2011.1/4271), 2011
eLtetXIE, http://www.index.go.kr/egams/index.jsp
SI=2AHAED=0EE, &21Y JI=X SHSE (2001~2010)
20188, 2009 H1EH 25018 KJAAS X2, 2010
?.

ANEEHIEEHME, http://nfec.ntis.go.kr/ntis?svcSid=main

- 216 -



http://www.koced.net/

oet2dgd,

ol
—

017

Faps

2011.11

L=,

ok

)]

]

H0
!

o
E
Rl
o

- 217 -



	제출문
	보고서 요약문
	목차
	요약문
	1장. 기술의 정의 및 필요성
	1절. 기술의 정의
	2절. 기술분류 및 내용

	2장. 국내외 동향 및 환경분석
	1절. 국내외 정책동향
	2절. 국내외 시장현황 및 전망
	3절. 기술동향  및 정의
	4절. 연구개발 인프라 분석
	5절. 핵심기술 도출
	6절. 종합분석

	3장. 연구개발과제 구성 및 추진전략
	1절. 비전 및 목표
	2절. 기술개발에 따른 미래상
	3절. 연구개발과제 구성
	4절. 세부과제별 주요 내용 및 추진 전략
	5절. 세부과제간 연계관계
	6절. 과제별.연차별 기술로드맵 및 성과로드맵
	7절. 성과의 활용방안
	8절. 연구수행체계 제안

	4장. 사전타당성 검토
	1절. 정책적 타당성
	2절. 기술적타당성
	3절. 경제적타당성
	4절. 기술개발 필요성
	5절. 정부지원 타당성
	6절. 종합평가 및 결론

	5장. 인력투입 계획 및 소요예산 산정
	1절. 연구일정에 따른 인력계획
	2절. 소요예산 산정

	6장. 과제 제안요구서
	1절. 과제 제안요구서(RFP)
	2절. 평가기준 설정

	참고문헌

