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BinthellFRESenVoIir PropEriies -

Upper Wabiskaw Sand
Depth of 300-425m TVD
Net Pay Range 1 9m
Porosity 28 32%
Permeability 300 3000md
Temperature 13-17 deg. C
Water Saturation 30 40%
Oil Viscosity (dead oil) 800 80,000cp @ 15 deg. C
Initial Reservoir Pressure 1900 2600kpa
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IpIcaliCompletontBDerais

CNRL BRINTNELL H7 WELLBORE SCHEMATIC

| ~ |BRINTNELL WEST :
| - |CNRHz BRINTNELL WEST ZONE ]WABISKAW SAND 1- Monoflo 96-260 charge rotor
I ~ [WBP39-12b-02-81-23-W4m 1-22.2mm x 2.4m pony rod
1- 32-1800 Monoflo main rotor
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||2-25.4mm x 2.4m pony rods
GASING/LINERIOPEN HOLE DESCRIPTION OO [mm] | Weight (kgim) | Top af{mMD) | Landed (mD) [l1="31.8mm x 10.97m polish rod
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.B0m =
Length {m) Tap efjmMO) I 2 R ﬂ
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( charge stator 3.13 535.79)
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1- 32;1__80[] Monofio mainstater " _"E.G? 52478 4
1-'88.9mm x 1.2m pup ji 178 523.00 60 ]|
T S R e T i B 0.30 522 70
1- 88.9mm tog jt 9,48 513.22
1- BB.9mm BMW 4 pin drain 0.29 512.93]
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Ke-THF o 370| 1|
.......... H
........... il
.......... 14,000 kpa
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No Turn Tool /

T 0
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Tubing Drain 128, 7rmm tlatted liner xeaver

. —

Main Pump N
Gas Separator X-over @ 1481.41mMD




HERGNREINmERPIG]L -

2 Injectors 3 producers
1400m long lined horizontals
175m inter-well spacing

Injection commenced May 2005

..............
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HiERP G PRIl DIscussion *

First Polymer injection in May 2005
Polymer Response March 2006

Average Watercuts have increased, but remain less than
60%

All previous simulation work had predicted substantial
polymer breakthrough by now

Primary recovery factor was 7.5%, latest incremental
polymer flood recovery factor estimate is 15% - 21%

CNQ

15




ExamplerPaitefi=rAVEeragerPefoimnence

600 | 20
&0
=
e 450 ey &0
i =
= E =
= = S
g = 3
o = A
o @ =
n = e
= 1B =
= -
£ =
=
5 300 I 40
20
150 20

CNQ .
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104 Plscussion *

First Area expanded after Pilot
Polymer Response January 2007

Average Watercuts have increased over the last year to 40%
Parts of the area have exceeded the results from the pilot

area

Primary recovery factor was 5.75%, latest incremental
polymer flood recovery factor estimate is 15% - 21%
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Appreval 10423 -

12500

s 517 1] Rate (CO) { 131

:

g
s O Rt (€D ( 1)

g
L 8|

2500

:

100

s Water Cut (%)

CNQ

23




10423 Plscussion *

Polymerflood started in 2007 and has been expanded
through 2010

Only a small area has responded to date with large increase

In production expected for late 2010 to early 2011

Large range in flooded oil viscosity, with most of the area

under 5000cp but parts as high 50,000cp
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1OV 87 Dlscussion *

Small area of Polymer flood started in 2007

Plans in place to substantially expand the flood area for this

approval in 2011

First area to have a multilateral well being flooded by
several injectors

Results have been excellent to date
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ApplieValrS46yA SUTmiany. -

Approval 9467 was approved and waterflood operations
began in Early 2003.

A portion of approval 9467 was converted to polymerflood
Injection in 2008

The remaining portion of 9467 which is not under polymer
flood, is planned to be converted to polymer in late 2010.
ERCB application was submitted January 2009 to eliminate
this approval and include it in the 10423 polymerflood
approval.
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ApplieValrS6rst SUmmany. -

Approval 9673 was approved and waterflood operations
began in 2004.

The waterflood was expanded during 2004-2006 within the
9673 approval area.

In 2008 and 2009 additional lands were added to 9673 and
Polymerflood was implemented on these new lands.

In late 2009 the previously water flooded areas were
converted to polymer flood

All areas of the approval which are under flood are being
flooded with polymer

CNQ .
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EXpansieRrRPlansiDISclsSSIen

Canadian Natural plans to continue with the aggressive
expansion of the Polymer Flood at Brintnell

Expansion areas will test differing reservoir properties
Including oil viscosity, water saturation, reservoir
permeability, and pay thickness

Also being tested is reduced inter-well spacing, and
additional multilateral well configurations

Application for a reduced inter well spacing pilot is planned
for 2010
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Vigjeit Appreval RECOVER/ EaCtoNS

R.23 R.22 R.21 R.20 R.19 R.18 83-17w4

1 A4 |4 . T3 Approval 9673
Total area OBIP 96,041,971 m3
Estimated developed area ultimate
T¥2 Recovery factor ranges:
12 22%

178 Approval 9467

Total area OBIP 14,006,041 m3
Estimated developed area ultimate
i t : 0 Recovery factor ranges:

9 17%

7« Approval 10423
Total area OBIP 210,467,090 m3
Estimated developed area ultimate
77 Recovery factor ranges:
8 24%

R.22 R.21 R.20 R.19 R.18 Ta-18wW4
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IRjEcien Pressures -

EOR Approval History
2003-2005 : EOR Approvals MAWHIP = 3500kPa

Approval 10147
- Sept 2005 HTL6 pilot increased MAWHIP approved to 7650kPa

Approval 10423
- 2006-present  MAWHIP approved at varying pressures
Approx: 45%=7650kPa , 40%=6060kPa , 15%=3500kPa

Approval 10787
- Mar 2008 - increased MAWHIP approved to 7650kPa

Approval 9673
- July08-JanQ09 - increased MAWHIP approved to 6060kPa

CNQ
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IRjEcien Pressures -

Initial Reservoir Pressure = 1900 2600 kPa
Via pressure gradients from gas wells in the pool

Operating Pressure

Maximum allowable wellhead injection pressure (MAWHIP)
Approvals vary from 3500 7650 kPa
Associated BHP in the range of 6-10 MPa

Wabiskaw Sand Fracture Pressure

Step Rate Tests 5 CNRL & 2 Encana

Challenging to get definitive step rate test in a unconsolidated
sandstone

Step rate test results no breakdown observed until at least
12MPa bottom hole, if any at all

CNQ
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IRjEcien Pressures -

Cap Rock Testing

Cap rock Mini Frac Test

2 separate injection tests performed at 2 intervals within the cap
rock

Mini-Frac Test / DFIT analysis:
Average extension gradient: 20.9kPa/m
Average closure gradient: 17.2kPa/

Test data passed on to 3" party for DFIT analysis & injection
modeling

Results:

Vertical fracture begins at an injection rate of 14m3/min or
20,160m3/d

Current practices limit CNRL s injection rate to 150-200m3/d,
which is 100 times less than rate predicted to initiate vertical
fracture

CNQ
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IRjEcien Pressures -

Monitoring
5 Observation wells required to monitor Grand Rapids source
water wells

Pressure data collected on a monthly basis and analyzed for
wellbore and regional effect of the aquifer diversion

No negative effect on the fresh water source wells according to the
monthly fresh water pressure analysis.

Injection Pressures
Surface pressures recorded daily and monitored

Pressure switches in place on injectors to ensure MAWHIP is not
exceeded

End Pressures

At the end of the field life, pressures will be bled down to a
depleted pressure which will be below initial conditions

CNQ
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NonpESalineWwateruse

Canadian Natural currently has license 00249595-00-00 with Alberta
Environment for the diversion of up to 2,151,310 m3 of non-saline water
for injection with an expire date of 2014-01-25

Significant investment has been made in infrastructure and increased
operating cost in order to continue to expand the polymer flood without
the use of additional non-saline water

Canadian Natural has not increased the amount of licensed non-saline
water since 2006, yet has significantly increased the amount of area
under flood as seen in the polymer flood section of this presentation

In Compliance with Alberta energy regarding monthly reporting,
observation well monitoring, and all other terms of the License

CNQ

41



NoepFSalReWellNEtecauons

CNQ .



