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l. Introduction and the Interest of Nexen Canada Ltd.

Nexen Canada Ltd (“Nexen”) is the holder of significant bitumen interests within the
Athabasca oil sands area, and in particular, the bitumen deposits subject to the Bitumen
Conservation Requirements. Nexen’s bitumen interests include Jackfish, Long Lake
and the PCEJ joint venture. All of the wells that Nexen addresses herein are either
directly within, or adjacent to, Nexen’'s Long Lake Synthetic Oil Project. Following
Alberta Energy and Utilities Board (“AEUB”) approval, the Long Lake Synthetic Oil
Project received Nexen Board of Director approval on February 12, 2004. Commercial
bitumen production is expected to commence in 2006 and synthetic oil production is
expected to commence in 2007. Peak production is estimated at approximately 60,000
barrels per day, to be maintained over the project's life, estimated at more than 35
years. Nexen and its partner OPTI Canada Inc. intend to invest $3.4 billion into gross

capital costs for the construction of the project.

Alberta's vast bitumen reserves are the future for our industry and the Province of
Alberta. Bitumen offers tremendous potential for long term interests of the Province.
The Board has recognized the need to conserve bitumen and that continued or
increased production of natural gas in some areas will have a detrimental effect on the
recoverability of bitumen. The Board has exercised its public interest mandate and after
careful consideration of the relevant issues, the Board has determined that in certain
areas, it is in the public interest to curtail natural gas production to conserve the bitumen

resource.

Nexen is of the view that Long Lake is an area where gas is associated and therefore

gas production, from the ten wells discussed in this submission, must be disallowed.
. Summary of Nexen’s Position

At the Leismer/Chard Hearing, Nexen advanced that, given the heterogeneity of the
McMurray formation, a regional geologic map was necessary to determine where
bitumen was at unacceptable risk to ongoing or increased gas production. Geologic

conclusions, in the McMurray formation, cannot be drawn from individual wells. For an



2.

alleged geologic barrier to be indeed a barrier, it must be continuous across the region
of influence. The Board, with input from industry including Nexen, caused to be

prepared the Regional Geologic Study.

Applying the principles established in GB 2003-023, Nexen concurs with the vast
majority of the conclusions reached by the SSG. However, Nexen disagrees with the
application of the principles to 10 wells discussed in this submission (only three of which
are gas wells, and of these three, only one has ever produced). Nexen has grouped the

10 wells as either Bitumen Evaluation Wells or Gas Wells as set forth below:
Bitumen Evaluation Wells

1AA/11-01-086-07W4/0
1AA/02-11-086-07W4/0
1AA/06-23-086-07W4/0
1AA/11-23-086-07W4/0
1AA/07-26-086-07W4/0
1AA/06-28-086-07W4/0
1AA/07-33-086-07W4/0

Gas Wells

e 100/03-18-084-06W4/0

e 100/13-27-084-06W4/0

e 100/15-17-085-06W4/0
The Board has directed that the “scope of the hearing will be limited to assessing
whether gas is associated with potentially recoverable bitumen.” Seven of the 10 wells
are Bitumen Evaluation Wells drilled to evaluate the bitumen resource at Long Lake. To
the best of Nexen’s knowledge, the petroleum and natural gas rights in the Wabiskaw-
McMurray with respect to the Bitumen Evaluation Wells are undisposed, with the
exception of Section 1-86-7W4, which is held by CNRL. Currently, no person has
sought to produce gas from these wells and the Bitumen Conservation Requirements
have not resulted in any gas being denied production from these wells. Nexen strongly
believes (as discussed below) that the geologic evidence available to date establishes
that, based on the criteria established by the AEUB, Wabiskaw C gas is associated at
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these wells. Furthermore, delineation and exploitation work at Long Lake is ongoing

and further information will be gathered through this work.

Turning to the gas wells, the 15-17 and 13-27 wells, drilled in 1997 and 1993
respectively, have never produced. With respect to these wells, the petroleum and
natural gas rights are held by CNRL in Section 17-85-6W4 and in Section 27-84-6W4,
and by Paramount in Section 18-84-6W4. The 03-18 well was drilled in 1996, and was
subsequently subject to the interim shut-in order of the AEUB effective September 1,

2003, and no exemptions were filed.

Application of the regional geologic model to all 10 wells, and a focused review of the
available geologic evidence for the Long Lake area, establishes there is no competent
barrier or at least a very significant risk that there is no competent barrier between
Wabiskaw C gas and the underlying bitumen deposits. In the result, there is a very
significant risk that the Wabiskaw C gas in all 10 wells is associated and therefore

production from the Wabiskaw C, either currently or in the future, should not be allowed.

[l. Wabiskaw C Gas in The Ten Wells is Associated with Bitumen
at Long Lake

(@) The Geologic Principles

In Decision 2003-23, the AEUB recognized that bitumen within the amended ID 99-1
Wabiskaw-McMurray Gas Production Application Area of the Athabasca Oil Sands
meets certain basic parameters and is worthy of protection. The AEUB further
recognized that, where present and continuous, the McMurray A2 and McMurray B2
mudstones may act as barriers to vertical pressure transmission. In addition, the AEUB
identified that in certain circumstances Wabiskaw D shale acts as a barrier to vertical
pressure transmission. Nexen submits that the bitumen at Long Lake is certainly worthy
of protection and that although Wabiskaw D shale may be present in the region, the
bitumen is at significant risk if associated gas production from certain gas wells in the

area is allowed.
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The SSG’s recommendations with respect to the Wabiskaw D shale appear to stem
from Decision 2003-23 rendered by the AEUB following the Leismer/Chard Hearing:

The Wabiskaw D shale, however, varies in thickness over the Chard-
Leismer area, from being absent in the western portion of Leismer to
about 2m thick in the Chard area. As a result, and until further data
become available, the Board has decided to assume that where the
Wabiskaw D shale is greater than or equal to 0.5m thick, it would remain
competent in the presence of a SAGD steam chamber and where it is
less than 0.5m thick, it would not remain competent. (page 22, EUB
Decision 2003-23)

Further to AEUB Decision 2003-23, AEUB Report 2003-A, Athabasca Wabiskaw-
McMurray Regional Geological Study, describes the SSG's findings with respect to the
Wabiskaw D shale:

In the main study area, the Wabiskaw D Shale is usually between 0.1
(confirmed in core) and 2m in thickness. (page 47, AEUB Report 2003-
A)

and,

Identification is primarily based on a combination of high neutron porosity
and low resistivity. (page 24, AEUB Report 2003-A)

and,

The Wabiskaw D shale is a thin unit across the main study area, but the
shallow-focused resistivity and neutron logs respond to shale intervals
appearing thinner than 0.5m. However, some logging tools may
overestimate thickness of this unit as calibrated in core. (page 24, AEUB
Report 2003-A)

and,

Due to the thin nature of the shale, a distribution map of the D shale was
not produced. Instead, a hand-drawn edge approximating 0.5m thickness
was produced for the communication assessment in Section 5. (page 47,
AEUB Report 2003-A)

Based on the above findings, Nexen questions the SSG's determination that Wabiskaw
C gas is not associated at the 7 Bitumen Evaluation Wells and the 3 Gas Wells. All 10
wells are within or adjacent to Nexen's Long Lake property (Figure 1) in which Nexen

holds the rights to oil sands within the Wabiskaw-McMurray Formations.

The grounds upon which Nexen opposes the SSG recommendations for the Long Lake

wells with respect to Wabiskaw C gas production are the following:
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e the estimation of Wabiskaw D shale thickness from logs; and

e the effectiveness of the Wabiskaw D shale as a seal in the Long Lake area.

Core data from the Long Lake oil sands evaluation wells, discussed herein,

demonstrates that:

e the Wabiskaw D shale is generally less than 0.5m in thickness at Long Lake,

notwithstanding apparent thickness suggested by log response;

e the Wabiskaw D shale interval has significant variability in thickness between

closely-spaced wells, indicating a lack of uniformity; and

e the Wabiskaw D interval typically consists of interbedded sand and shale,

with varying degrees of bioturbation, thus it is unlikely to be an effective seal.

Mature steam chambers of a commercial SAGD project encompass several sections.
For there to be an effective barrier, not only must the shale be a competent barrier, it
must be continuous and equally competent over the entire extent of the mature steam
chamber. A review of the geologic evidence establishes that such a continuous
competent barrier between Wabiskaw C gas and underlying bitumen does not exist at

Long Lake.
(b)  The Seven Bitumen Evaluation Wells

The seven Bitumen Evaluation Wells are situated in areas in which the drilling density
ranges from dense to sparse. Given that it is typical practice in oil sands evaluation in
this area to cut core from the top of the Wabiskaw-McMurray Formation through to the
base of the Wabiskaw-McMurray, these wells provide a good analysis of the Wabiskaw
D shale character. As outlined below, the analysis of core obtained through the
bitumen delineation process provides valuable insights and the conclusions may be

extrapolated to the three gas wells, where no or limited core is available.



-6 -

(1) 1AA/11-01-086-07W4/0

Suncor Glisp 11-1-86-7W4M is situated within Nexen's Long Lake oil sands property.
The petroleum and natural gas rights in the Wabiskaw-McMurray Formations in Section
1-86-7W4 are held by CNRL. No wells have been drilled for the purpose of gas

production in this section.

The Wabiskaw D interval was cored at this well, as shown on the attached annotated
core photographs (Figure 2). The Wabiskaw D interval is 0.27m thick in the core
photos, and interbedded with sand. The overlying Wabiskaw C and the underlying
McMurray Al sands are gas-filled. Within the Wabiskaw D interval at this well, the
interbedded sands are not visibly oil-stained in the photos, and therefore are likely gas-

filled also.

A Wabiskaw D thickness of generally less than 0.5m, and considerable variability, in the
vicinity of 11-1 is supported by observations of core at the surrounding wells:

Well Wabiskaw C | Wabiskaw D | Comments on Wabiskaw D Shale
gas thickness | Shale
(m) thickness
core (m)
AA/4-1-86-7TW4 0.5 0.31 Burrowed and interbedded with sand
AA/6-1-86-7TW4 0.9 0.75 Burrowed and interbedded with sand
AA/10-1-86-7W4 neutron-density | 0.24 Highly interbedded with sand,
approach; no burrowed.
cross-over

Core photos for the surrounding wells are attached (Figures 3 through 5).
(i)  1AA/02-11-086-07W4/0

Nexen OV Long Lake 2-11-86-7W4M is an oil sands evaluation core hole situated within
Nexen's Long Lake oil sands property. Petroleum and natural gas rights are

undisposed in this section.

The Wabiskaw D interval was cored at this well, as shown on the attached annotated
core photos (Figure 6). The Wabiskaw D interval is 0.26m thick in the core photos,
burrowed and interbedded with sand. The overlying Wabiskaw C and the underlying
McMurray Al sands are gas-filled. Within the Wabiskaw D interval at this well, the
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interbedded sands are not visibly oil-stained in the photos, and therefore are likely gas-

filled also.

A Wabiskaw D thickness of less than 0.5m at 2-11 is supported by observations of core

at the adjacent wells, such as 16-11:

Well Wabiskaw C gas | Wabiskaw D | Comments on Wabiskaw D Shale
thickness (m) Shale thickness -
core (m)
AA/16-11-86-7W4 | neutron-density 0.21 Large vertical burrows and interbedded
approach with sand.

Core photos for the 16-11 well is attached (Figure 7).
(i)  1AA/06-23-086-07W4/0

OPTIC et al Long Lake 6-23-86-7W4M is an oil sands evaluation core hole situated
within Nexen's Long Lake oil sands property. Petroleum and natural gas rights are
undisposed in this section.

Core photos show a 0.52m thick Wabiskaw D interval that is interbedded with sand
(Figure 8). It overlies a 0.23m thick lightly oil-stained sand, which in turn overlies a
carbonaceous shale that caps the McMurray Al. The overlying Wabiskaw C and the
underlying McMurray Al sands are gas-filled. Within the Wabiskaw D interval at this
well, the interbedded sands are not visibly oil-stained in the photos, and therefore are

likely gas-filled also.

The likely ineffectiveness of the Wabiskaw D as a seal at 6-23-86-7W4, despite being
marginally above the 0.5m thickness specified in Decision 2003-023, is supported by
observations of core at the adjacent wells, 11-23-86-7W4 and AA/7-26-86-7W4, and at
AA/6-22-86-7W4 and AA/10-22-86-7W4 (see Sections iv and v, below).

(iv) 1AA/11-23-86-7W4

OPTIC Canada et al Cheecham 11-23-86-7W4M is an oil sands evaluation core hole
situated within Nexen's Long Lake oil sands property. Petroleum and natural gas rights

are undisposed in this section.
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At the 11-23 well, core photos (Figure 9) show a 0.33m thick Wabiskaw D interval that is
interbedded with sand and burrowed. The overlying Wabiskaw C and the underlying
McMurray Al sands are gas-filled. Within the Wabiskaw D interval at this well, the
interbedded sands are not visibly oil-stained in the photos, and therefore are likely gas-

filled also.

The likely ineffectiveness of the Wabiskaw D as a seal is shown by the variability of the
interval from the 11-23 well, where it is 0.33m thick, to the adjacent 6-23 well, where it is

0.52m thick, from core observation.

See Section v, below, for discussion of 6-23-86-7W4, 11-23-86-7W4 and AA/7-26-86-
7W4, in comparison to AA/6-22-86-7W4 and AA/10-22-86-7WA4.

(v)  1AA/7-26-86-7TW4

OPTIC Canada et al Cheecham 7-26-86-7W4M is an oil sands evaluation core hole
situated within Nexen's Long Lake oil sands property. Petroleum and natural gas rights

are undisposed in this section.

The attached core photos (Figure 10) for the 7-26 well show that the Wabiskaw D is a
0.19m thick muddy unit interbedded with sand. Light oil staining exists in the Wabiskaw
C, above the Wabiskaw D. The overlying Wabiskaw C and the underlying McMurray Al

sands are gas-filled.

For comparison to the preceding discussion of the AA/6-23-86-7W4, AA/11-23-86-7W4
and AA/7-26-86-7W4 wells, the following is a similar compilation of details from core
observation for nearby wells in which the SSG has recommended that the Wabiskaw C
would not be allowed to produce, namely AA/6-22-86-7W4 and AA/10-22-86-7W4.

Well Wabiskaw C gas | Wabiskaw D Shale | Comments on Wabiskaw D
thickness (m) thickness - core (m) | Shale
AA/6-22-86-7W4 15 0.39 Interbedded  with  sand,
burrowed; oil-stained.
AA/10-22-86-7TW4 0.75 0.31 Interbedded  with  sand,
burrowed; oil-stained above
and below it.
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Core photos for these wells are attached (Figures 11 and 12).

There is no consistent difference in the thickness of the Wabiskaw D shale nor in its
character, between wells in which the SSG has recommended the shut in of Wabiskaw
C gas (AA/6-22 and AA/10-22-86-7W4), and other wells in the same vicinity in which the
SSG has recommended that the Wabiskaw C gas be allowed to produce (AA/6-23-86-
7TW4, AA/11-23-86-7W4, and AA/7-26-86-7TW4).

(vi) 1AA/6-28-86-7W4

CNRES Greg OV 6-28-86-7W4M is an oil sands evaluation core hole situated adjacent
and to the west of Nexen's Long Lake oil sands property. Petroleum and natural gas
rights are undisposed in this section. This area offsets the north end of Nexen's Long

Lake lease and is sparsely drilled at present.

Core photos for the 6-28 well (Figure 13) show that the Wabiskaw D shale is 0.57m
thick, heavily interbedded with sand, and burrowed. Light oil stain exists above the

interval, and below it.

A nearby well, AA/10-27-86-7W4 contains 0.30m of Wabiskaw D, which is interbedded
with sand, and bioturbated (see Figure 14). The lowermost 0.26m of the interval is oil-
stained. In this well, the Wabiskaw C appears to be wet, and the underlying McMurray

is bitumen-saturated.
(vii) 1AA/7-33-86-7W4

CNRES OV Greg 7-33-86-7W4M is an oil sands evaluation core hole situated adjacent
and to the west of Nexen's Long Lake oil sands property. Petroleum and natural gas

rights are undisposed in this section.

Core photos for the 7-33 well (Figure 15) show that the Wabiskaw D shale is 0.22m
thick, heavily interbedded with sand, and with large vertical burrows. Light oil stain

exists above the interval, and below it.
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A nearby well, AA/7-34-86-7W4 contains 0.20m of Wabiskaw D, which is interbedded
with sand and bioturbated (see Figure 16). In this well, the Wabiskaw C shows neutron-
density approach, and the underlying McMurray shows a thin gas zone overlying

bitumen.
(c) The Three Gas Wells

The 3 Gas Wells are situated on or adjacent to Nexen's Long Lake oil sands leases.
Two of these wells are in areas where both drilling and core control are sparse.
However, as outlined above, an analysis of core obtained through bitumen delineation
drilling establishes that the Wabiskaw D in the Long Lake area is not a competent
barrier and hence Wabiskaw C gas is associated. Given the absence of core in the gas
wells, it is reasonable to infer that the same uncertainty exists as to the Wabiskaw D

shale thickness and sealing capability, as in the cored areas.
() 100/15-17-085-06W4/0

RAX Newby 15-17-85-6W4 is a potential gas well, drilled in 1997 and operated by
CNRL. The SSG has determined that the well contains gas in the Wabiskaw C and
McMurray Al. The well has not produced to date, but the SSG in its January 26, 2004
submission has recommended that the Wabiskaw C gas be allowed to produce. No

core was cut at this well.

Nexen has not yet drilled coreholes in Section 17. The nearest cored wells are oll
sands evaluation wells in Sections 18, 19 and 20-85-6W4M. The SSG has
recommended that Wabiskaw C gas not be allowed to produce at the nearby wells,
AA/8-20-85-6W4 and AA/16-20-85-6W4. In the 8-20 well, coring started too low to
sample the Wabiskaw D section, however, the Wabiskaw D section was cored at 16-20,
and in other nearby wells. The results of core examination for nearby coreholes, and
the 16-20 well, are shown below:
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Well Wabiskaw C gas | Wabiskaw D | Comments on Wabiskaw D Shale
thickness (m) Shale thickness -
core (m)
AA/4-18-85-6W4 0 0.28 Burrowed and interbedded with sand
AA/5-19-85-6W4 0 0.34 Muddy, interbedded, burrowed sand,
indistinct unit.
AA/16-20-85-6W4 | 1.0 0.38 Muddy, interbedded, burrowed sand,
indistinct unit.

Core photos for the 4-18, 5-19, and 16-20-85-6W4 wells are attached (Figures 17
through 19).

From the examination of core documented above, it is not clear to Nexen why
Wabiskaw C gas would be shut in at 8-20 and 16-20, but would be allowed to produce
at 15-17-85-6W4, since the core that is available in the area shows that the Wabiskaw
D shale does not have the characteristics of an effective seal and its thickness is
generally overestimated on logs. Nexen submits that, given the available nearby core
evidence, the 15-17-85-6W4 well should be denied production, as Wabiskaw C gas is
associated.

(i)  100/03-18-084-06W4/0

PARA et al Newby 3-18-84-6W4 was drilled in 1996 and is situated within and on the
southern edge of Nexen's Long Lake oil sands lease. The well produced gas from the
McMurray Al and McMurray Channel starting in 1998, and was shut in September 1,
2003 under the EUB interim shut-in order.

The SSG has recommended as of January 26, 2004, that the Wabiskaw C be allowed
to produce in this well. This well was not cored, and there is no core over the Wabiskaw
D zone in the nearby area. It appears that the SSG recommendation is based on an
inference from logs that there is greater than 0.5m thickness of Wabiskaw D shale. It is
apparent from the core examination presented herein that log-based estimation of

Wabiskaw D shale thickness is inaccurate and generally overestimated in this area.

Given the uncertainty presented by the lack of core data in this area, the decision to
allow Wabiskaw gas to produce at 3-18-84-6W4 is questionable.
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(i)  100/13-27-084-06W4/0

RAX Newby 13-27-84-6W4 is a potential gaswell situated immediately adjacent to the
east side of the Long Lake lease. The well was drilled in 1993 and has never produced.
Unlike the other wells discussed in this submission, the SSG has recommended at 13-
27 that McMurray Al and McMurray Channel gas be allowed to produce, while

Wabiskaw C gas is recommended to be shut in. No core was cut at this well.

Nexen is in agreement that Wabiskaw C gas should be shut in at this well, on the basis
of the evidence submitted herein from cored wells within the Long Lake lease.
However, the SSG recommendation on RAX Newby 13-27-84-6W4, in which gas in the
McMurray A1 and McMurray Channel would be allowed to produce, in the absence of
McMurray A2 and B2 mudstones (EUB Report 2003-A, Figures 21 and 26) appears to
be inconsistent with general SSG rulings in the area and elsewhere. The SSG's Case 1
map (EUB Report 2003-A, Figure 87) shows the likelihood of greater than 10m of
bitumen within Section 27 (given that 13-27 is the only well in this section, and well
density in the area is low). Section 27 likely contains bitumen greater than 10 meters,
there are no interpreted barriers, and therefore Nexen submits that McMurray gas is

associated and that production should be denied.
V. Summary and Disposition Sought

In dealing with such thin units as the Wabiskaw D in the Long Lake area, the
determination of whether logs show 0.5m shale or slightly more or slightly less is
extremely interpretative. Further, the estimation of the thickness of the thin Wabiskaw D
shale at Long Lake, solely from logs can be inaccurate as noted in AEUB Report 2003-
A. Evidence presented herein shows that core examination is required to accurately
judge the thickness and character of this thin unit at Long Lake. Many wells in Long
Lake, for which the SSG estimates thickness of 0.5m or greater, based primarily on log
examination, show less than 0.5m of Wabiskaw D shale as determined by detailed core

examination.
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The same core data from Long Lake oil sands evaluation wells demonstrates
interbedding of sand and shale, bioturbation, and thickness variation within the
Wabiskaw D shale from well to well in areas with closely-spaced drilling. Gas saturation
is widespread above the Wabiskaw D shale, and oil staining is noted to occur within the
Wabiskaw C. These observations cast strong doubt on the effectiveness in the Long
Lake area of the Wabiskaw D shale as a seal between Wabiskaw C gas and underlying

bitumen.

Given that the Wabiskaw D shale in the Long Lake area does not fit the thickness
criteria set out in Decision 2003-23 for a potentially effective seal (greater than or equal
to 0.5m), and has characteristics that would not be attributed to an effective seal
(interbedding of sand and shale, and bioturbation), Nexen submits that Wabiskaw C gas
at Long Lake is associated and should not be allowed to produce over or adjacent to the
Long Lake project.

Specifically, Nexen requests that the AEUB order that Wabiskaw C gas in the 10 wells
discussed herein is associated with viable bitumen, and therefore any approval of

Wabiskaw C gas production must be denied.

This Submission was prepared on behalf of Nexen by Lori Skulski, Professional
Geologist who, according to the Notice of Interim Hearing, will be available to speak to

the Submission.

All of which is respectfully submitted on behalf of Nexen Canada Ltd.
this 23" day of February, 2004.

Lori Skulski, P. Geol., P.Eng.
Senior Staff Geologist
Synthetic Oil Business Unit
Nexen Canada Ltd.
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18. Annotated Core Photo AA/5-19-85-6W4
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