January 15, 1998

Bob Wooley, Director Bob Dubreuil, Director
Western Regional Office Petroleum & Energy Branch
340 9th g¢ 360-1395 Ellice Ave

Brandon MB

OIL AND GAS OPERATIONS ON WMA'’S

Routledge WMA

In June 1997, the Branch after consultation with Natural Resources approved reduced well
spacing in Section 29-9-25 (WPM). The operator, Tundra Oil and Gas, had planned to drill 9
additional vertical wells in the section. Five of the wells were located on the WMA and four of the
wells were adjacent to the east boundary of the WMA (see Fig. 1).

Tundra has reviewed its development plans and is now proposing to drill one vertical well and two
horizontal wells all from the same surface location in the centre of the section (see Fig.1). The two
horizontal wells will replace four vertical wells as shown on Fig. 1.

The proposed surface location for the three wells is located on the east boundary of the WMA
between four existing wells. The proposed surface location is in hayland adjacent to an existing
trail that runs N-S through the section. By locating the wells within the developed area of Section
29, Tundra will minimize the area needed for the wellsite, access road and flowline right-of-way.

Tundra would like to drill the wells as early as February 1998. The current approval includes the
condition “no drilling activity is permitted during deer hunting season and in the winter to avoid
disturbing/displacing deer from their wintering area”. Under what conditions would Natural
Resources allow Tundra to drill during the winter? If a white-tailed deer survey is required, what
would the survey entail and how much would the survey cost?

If horizontal drilling is successful in the Routledge area, the impact of oil and gas development
may be further reduced by reducing the number of wells required and allowing the wells to be
located to minimize habitat fragmentation and disturbance.

Please provide the Branch with your comments on Tundra’s revised drilling program by

January 23, 1998.

Lauder Sandhills WMA

The Branch has leased a number of parcels in the Lauder Sandhills WMA. All Crown oif and gas

leases contain the condition that surface access will be restricted in whole or in part and that an
approved development plan is required.



In September 1997, Impact Exploration applied to the Branch for a geoplysical licence to conduct
seismic operations in the Lauder area including portions of the WMA. After discussions with
Natural Resources, the company modified its seismic program, deleting over 20 km of scismic
lines across the WMA. The company has asked what special considerations have to be addressed
in a development plan for exploration in the Lauder Sandhills WMA, in accordance with the
guidelines of our joint informational notice. The Branch has not received a response from Natural
Resources on this inquiry. 1 suggest we have a meeting to discuss what oil and gas exploration and
development in the Lauder area should involve and what conditions a company should address in
a development plan. I will call you next week to discuss this matter.

oRibimaL S1LLY
BY LD,

Bob Dubreui]



Tndra

ollandgasitd.

1111 One Lombard Place, Winnipeg, Manitcba R3B 0X4  TEL: (204) 934-5850 FAX: (204) 934-5820
January 8, 1998

Manitoba Energy and Mines
Petroleum & Energy Branch
360 - 1395 Ellice Avenue
Winnipeg, MB R3G 3P2

Attention: John Fox P. Eng.
Chief Petroleum Engineer
Dear John:

Re: Routledge Area
TWP 9 RGE 25 WPM: SEC 29

Further to our telephone conversation, we have reviewed our development plans for the
Routledge Area. After a good deal of thought, we believe that the best way to proceed
with this project is by drilling a vertical well at 7C-29, followed by a horizontal well HZ15C-
29 using the same surface location. Should we be successful, we would look at a second
horizontal HZ3A-29, again from the same surface location.

There are a number of advantages associated with proceeding in this manner. Firstly, the
proposed surface location wouid be accessed by an existing trail. The surface development
would also be in the area currently being used as pasture. The most cbvious advantage is
that driling from a single surface location would replace up to five proposed vertical
locations. The attached plat shows the approximate size and location of the surface area
that would be required.

We would ask that you review this proposal with Natural Resources. As usual, we are
prepared to answer any questions or meet with Natural Resources if required. In order to
meet the existing time constraints on development Tundra would like to commence this
project as early as February, 1998.

Your assistance with this matter and in meeting our proposed timelines is appreciated. I
you need anything further, please give me a call.

Sincerely,
TUNDRA OIL AND GAS LTD.
Brad Thiessen

Land Manager

BT/ps

FIELD OFFICE: 295 Third Avenue (P.O. Box 1960}, Virden, Manitoba ROM 2C0 TEL: (204) 748-3095 FAX: (204) 748-1007
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Manitoba g%'

Energy and Mines Petraleum 1395 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2
CANADA

PH: (204) 945-6577

Fax: (204) 945-0586
June 6, 1997

Mr, George Czyzewski, P.Eng.
General Manager

Tundra Oil and Gas Ltd.

1111 One Lombard Place
Winnipeg MB R3B 0X4

Dear Mr. Czyzewski:
Re: Spacing Order No. 12 - Reduced 8 ha Spacing Routledge Area

The Petroleum and Energy Branch has completed it’s review of the subject application. The Branch
received comments from Chevron Canada Resources, the unit operator of Routledge Unit No. 1 and
Natural Resources on the application. As a result of discussions with Chevron, the Department of
Natural Resources and Tundra the application has been approved in part and subject to certain
development conditions, in particular conditions related to activities on the Wildlife Management Area
in the W/2 of Section 29-9-25 (WPM).

Attached is Spacing Order No. 12 approving 8 ha spacing in a portion of the area of application. The
reduced spacing area has been modified to coincide with lands operated by Tundra and excludes partial
8 ha spacing units that extend into Routledge Unit No. 1. If Phase | of the project is commercialty
successful the Branch would be prepared to consider extending spacing to allow infill drilling adjacent
to the unit boundary but would expect Tundra to initiate discussions with Chevron regarding support of
and participation in the project.

The Department of Natural Resources expressed concerns that 8 ha spacing on the WMA will result in
habitat fragmentation and disturbance, reducing the value of the site for wildlife. In order to minimize
infill drilling activity on the WMA, the following locations are to be moved off the WMA:

FROM TO
3D-29-9-25 2C-29-9-25 or 7B-29-9-25
11A-29--25 7C-29-9-25 or 10B-29-9-25
14A-29-9-25 10C-29-9-25 or 15B-29-9-25

Where possible the access roads, flowlines and other facilities associated with these wells are to be
located outside the WMA.

Tundra’s flora and fauna investigation, November 1996, also identified a number of development
conditions to mitigate the impacts of infill drilling. These and other development conditions, listed
below, will apply to wells drilled under Spacing Order No. 12:



1} no drilling is permitted during migratory bird nesting season, late-April to mid-July, unless a
survey is conducted that confirms no nesting sites are present;

2) the area of disturbance is to be minimized by using existing access roads/trails and flowline rights
of way, and reducing the actively used portion of the wellsite;

3) nodrilling or construction activities are permitted during wet ground conditions, without the
approval of the Department of Natural Resources;

4)  where applicable, rehabilitation is to be done using prairie seed mixtures specified by the
Department of Natural Resources;

5) no drilling activity is permitted during deer hunting season and in the winter to avoid
disturbing/displacing deer from their wintering area; and

6) additional flora and fauna surveys may be required at infill locations on the WMA..
At least 6 months prior to commencing the drilling of Phase 3 infill wells located on the WMA, Tundra
is to arrange a meeting with staff from Natural Resources and the Petroleum and Energy Branch to

discuss the need for any additional flora and fauna surveys.

If you have any questions in respect of this approval please contact the undersigned at (204) 945-6574.

Yours truly,

John N. Fox, P.Eng.
Chief Petroleum Engineer

cc. Bob Wooley, Director, Western Region
Department of Natural Resources



MINISTERIAL ORDER

SPACING ORDER NO. 12

Pertaining to 8 ha Spacing Units for the Lodgepole Formation
in the Virden Lodgepole C Pool - Section 29-9-25 (WPM)

The spacing unit for each well drilled, or to be drilled, for the purpose of obtaining oil from
the Lodgepole Formation within the area outlined on Schedule A is a square 8 hectares in
area, with corners located at the mid-points of the boundaries of each legal subdivision, as
illustrated on Schedule A.

The target area of each spacing unit shall be an area having sides 65 metres from the sides
of the spacing unit and parallel to them.

Where in the opinion of the Director of Petroleum, the location of an infill well on the
Wildlife Management Area in the W/2 of Section 29-9-25 (WPM) might cause significant
adverse impact on the environment or significantly impair use of the surrounding land, the
Director may refuse to issue a well licence to drill the well.

The area outlined on Schedule A may be modified by the Director of Petroleum, from time
to time, to meet changing conditions.

June é, 1997 \7%@/}2}5—\9

Date Director of Petroleum for
Minister of Energy and Mines
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SPACING ORDER NO. 12
SECTION 29-9-25 (WPM)
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Manitoba %

Energy and Mines Petroleum 1395 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2
CANADA

PH: (204) 945-6577
Fax: (204) 945-0586

June 6, 1997

Chevron Canada Resources
500-Fifth Avenue SW
Calgary AB T2P OL7

Attention: Sue Bradley

Re: Spacing Order No. 12 - Reduced 8 ha Spacing Routledge Area

The Petroleum and Energy Branch has completed its review of Tundra Qil and Gas Ltd.’s application
for 8 ha spacing in the Routledge area. Attached for your information is a copy of Spacing Order No.
12 approving 8 ha spacing in a portion of Section 29-9-25. The spacing area has been modified in
accordance with your letter of objection (27-Feb-97) to exclude partial 8 ha spacing units that extend
into Routledge Unit No. 1 that would have required the pooling of unit and non-unit lands.

In its objection Chevron indicated this area may contain bypassed oil reserves and is a potential
horizontal drilling candidate. The Branch shares both Tundra’s and Chevron’s views that additional
reserves can be recovered along the boundary of the unit. If Tundra’s infill drilling project is
commercially successful, the Branch, at Tundra’s request, will reconsider Tundra’s application to
extend 8 ha spacing into the Unit. At that time Chevron will be expected to outline its plans to
optimize recovery from the unit area in Section 29 and/or provide technical/economic justification for
not extending 8 ha spacing into the Unit. Prior to making reapplication Tundra has been advised to
initiate discussions with Chevron regarding support of and participation in the project.

If you have any questions in respect of this matter please contact the undersigned at (204) 945-6574.

Yours truly,

1o
~— S

John N. Fox, P.Eng.
Chief Petroleum Engineer



MINISTERIAL ORDER

SPACING ORDER NO. 12

Pertaining to 8 ha Spacing Units for the Lodgepole Formation
in the Virden Lodgepole C Pool - Section 29-9-25 (WPM)

The spacing unit for each well drilled, or to be drilled, for the purpose of obtaining oil from
the Lodgepole Formation within the area outlined on Schedule A is a square 8 hectares in
area, with corners located at the mid-points of the boundaries of each legal subdivision, as
illustrated on Schedule A.

The target area of each spacing unit shall be an area having sides 65 metres from the sides
of the spacing unit and parallel to them.

Where in the opinion of the Director of Petroleum, the location of an infill well on the
Wildlife Management Area in the W/2 of Section 29-9-25 (WPM) might cause significant
adverse impact on the environment or significantly impair use of the surrounding land, the
Director may refuse to issue a well licence to drill the well.

The area outlined on Schedule A may be modified by the Director of Petroleum, from time
to time, to meet changing conditions.

Y | _f
Tune €, 1997 —l/{zcc/,,éf_u /

Date Director of Petroleum for
Minister of Energy and Mines
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Manitoba )
e June 6, 1997 Memorandum

1, Bob Dubreuil From John N. Fox
Director Chief Petroleum Engineer
Petroleum & Energy Branch Petroleum & Energy Branch
Telephone

Subject Application for Reduced 8 ha Spacing - Routledge Area

Notice of Tundra Oil and Gas Ltd.’s application for reduced 8 ha spacing in Section 29-9-25 (WPM) in
the Routledge area was published in the Virden Empire Advance and Southwestern Gazette and sent to
royalty and working interest owners in and within 0.5 km of the area of application and to Natural

- Resources, the surface owner in Section 79. Comments were received from Chevron Canada

2 Resources, the operator of Routledge Unit No. 1, and Natural Resources.

4 Recommendation
(.

It is recommended that Ministerial Spacing Order No. 12 be issued for a portion of the area of
application that excludes the 8 ha spacing units that extend into Routledge Unit No. 1.

In response to Natural Resources concerns regarding 8 ha development on the W/2 of Section 29,
which has been designated a WMA, additional development conditions are recommended:

(a) where possible, access roads, infill wells, flowlines are to be located outside the WMA; and
(b) additional flora and fauna surveys may be required at infill focations on the WMA,

These development conditions and other conditions to mitigate the environmental impact of infill
drilling are included in the proposed letter of approval (attached). Natural Resources has had an
opportunity to comment on the conditions. Also attached is a letter to Chevron indicating our approval
excludes the 8 ha spacing units that extend into Routledge Unit No. 1. The letter also outlines our
expectation that Chevron will optimize recovery from the unit area in Section 29.

Discussion

Chevron Canada Resources, unit operator of Routledge Unit No. 1, objected to the partial 8 ha spacing
units bordering the Unit (see Fig. 1). In order for Tundra to develop these 8 ha spacing units, all tracts
of unit and non-unit lands within the spacing unit would have to be pooled. The 3 infill wells proposed
by Tundra that border the Unit are in Phase 2 of the company’s project. Tundra would proceed with
Phase 2 only if the initial infill wells were commercially successful. Tundra indicated it has no
concerns if the partial 8 ha spacing units bordering the Unit are not approved at this time.

Tundra estimates the current recovery from the 4 abandoned unit wells in Section 29 is only 4.1%
OOIP. Tundra estimates the infill wells in Phase 2 will recover an additional 26.7 103m3. Chevron in
its objection indicated this area may have bypassed oil reserves and there is potential for a horizontal
well. Attached is a letter to Chevron indicating at this time the Branch will not approve 8 ha spacing
units that extend into Routledge Unit No. 1. If Tundra’s infill drilling project is commercially
successful, the Branch may reconsider Tundra’s application to extend 8 ha spacing into the Unit. At
that time Chevron will be expected to outline its plans to optimize recovery from the unit area in
Section 29 and/or provide technical/economic justification for not extending 8 ha spacing into the Unit.

151 s Hu4 01009300 éﬁ



Natural Resources expressed concerns that 8 ha spacing on the WMA will result in habitat
fragmentation and disturbance, reducing the value of this site for wildlife. In order to effectively
mitigate impacts of the proposed development, Natural Resources requested the following additional
surveys; flora inventory, spring breeding bird survey and winter white-tailed deer survey,. The Branch
is of the opinion Tundra’s flora and fauna investigation (Nov/96) adequately outlined development
conditions to mitigate any adverse impacts from infill drilling. At a meeting between Natural
Resources and the Branch on May 16th it was agreed, where possible, Phase 1 infill wells, access roads
and flowlines would moved off the WMA and relocated to the E/2 of the section. It was also agreed
that prior to any infill drilling on the WMA during Phase 3 of the project, the Branch, Natural
Resources and Tundra would meet to discuss the need for any additional surveys.

Tundra’s flora and fauna site investigation identified a number of development conditions, listed
below, to mitigate any adverse impacts from infill drilling:

1) avoid drilling during migratory bird nesting season, late-April to mid-July, unless a survey is
conducted that confirms no nesting sites are present;

2) minimize the area of disturbance;
3) avoid development activities during wet ground conditions;
4) rehabilitation should be done using specific prairie seed mixtures; and

5) no drilling activity during deer hunting season and in the winter to avoid disturbing/displacing
deer from their wintering area.

These conditions will be included in the proposed letter of approval to Tundra (attached).

Ministerial Spacing Order No. 12 (attached) approves 8 ha spacing in a portion of the area of
application. The order contains the standard provisions of a reduced spacing order and an additional
condition that the Director may refuse to issue a well licence for a well on the WMA, if significant
environmental or land use concerns exist. Concerns expressed by Chevron and Natural Resources have
been resolved to the satisfaction of all parties at this time, therefore it is recommended that the Director
sign the order on behalf of the Minister.
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MINISTERIAL ORDER

SPACING ORDER NO. 12

Pertaining to 8 ha Spacing Units for the Lodgepole Formation
in the Virden Lodgepole C Pool - Section 29-9-25 (WPM)

The spacing unit for each well drilled, or to be drilled, for the purpose of obtaining oil from
the Lodgepole Formation within the area outlined on Schedule A is a square 8 hectares in
area, with corners located at the mid-points of the boundaries of each legal subdivision, as
itlustrated on Schedule A.

The target area of each spacing unit shall be an area having sides 65 metres from the sides
of the spacing unit and parallel to them.

Where in the opinion of the Director of Petroleum, the location of an infill well on the
Wwildlife Management Area in the W/2 of Section 29-9-25 (WPM) might cause significant
adverse impact on the environment or significantly impair use of the surrounding land, the
Director may refuse to issue a well licence to drill the well.

The area outlined on Schedule A may be modified by the Director of Petroleum, from time
to time, to meet changing conditions.

Tomne é: /‘)”IJJ
Date

Minister of Energy and Mines
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Manitoba <3

Energy and Mines Petroleum 1395 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2
CANADA

PH: {204) 945-6577
Fax: (204} 945-0586
June 6, 1997

Mr. George Czyzewski, P.Eng.
General Manager

Tundra Oil and Gas Ltd.

1111 One Lombard Place
Winnipeg MB R3B 0X4

Dear Mr. Czyzewski:
Re: Spacing Order No. 12 - Reduced 8 ha Spacing Routledge Area

The Petroleum and Energy Branch has completed it’s review of the subject application. The Branch
received comments from Chevron Canada Resources, the unit operator of Routledge Unit No. 1 and
Natural Resources on the application. As a result of discussions with Chevron, the Department of
Natural Resources and Tundra the application has been approved in part and subject to certain
development conditions, in particular conditions related to activities on the Wildlife Management Area
in the W/2 of Section 29-9-25 (WPM).

Attached is Spacing Order No. 12 approving 8 ha spacing in a portion of the area of application. The
reduced spacing area has been modified to coincide with lands operated by Tundra and excludes partial
8 ha spacing units that extend into Routledge Unit No. 1. If Phase 1 of the project is commercially
successful the Branch would be prepared to consider extending spacing to allow infill drilling adjacent
to the unit boundary but would expect Tundra to initiate discussions with Chevron regarding support of
and participation in the project.

The Department of Natural Resources expressed concerns that 8 ha spacing on the WMA will result in
habitat fragmentation and disturbance, reducing the value of the site for wildlife. In order to minimize
infill drilling activity on the WMA, the following locations are to be moved off the WMA:

FROM TO
3D-28-9-25 2C-29-9-25 or 7B-29-9-25
11A-29-9-25 7C-29-9-25 or 10B-29-9-25
14A-29-9-25 10C-29-9-25 or 15B-29-9-25

Where possible the access roads, flowlines and other facilities associated with these wells are to be
located outside the WMA.

Tundra’s flora and fauna investigation, November 1996, also identified a number of development
conditions to mitigate the impacts of infill drilling. These and other development conditions, listed
below, will apply to wells drilled under Spacing Order No. 12:



1) nodrilling is permitied during migratory bird nesting season, late-April to mid-July, unless a
survey is conducted that confirms no nesting sites are present,

2)  the area of disturbance is to be minimized by using existing access roads/trails and flowline rights
of way, and reducing the actively used portion of the wellsite;

3) nodrilling or construction activities are permitted during wet ground conditions, without the
approval of the Department of Natural Resources;

4)  where applicable, rehabilitation is to be done using prairie seed mixtures specified by the
Department of Natural Resources;

5) nodrilling activity is permitted during deer hunting season and in the winter to avoid
disturbing/displacing deer from their wintering area; and

6) additional flora and fauna surveys may be required at infill locations on the WMA.
At least 6 months prior to commencing the drilling of Phase 3 infill wells located on the WMA,, Tundra
is to arrange a meeting with staff from Natural Resources and the Petroleum and Energy Branch to

discuss the need for any additional flora and fauna surveys.

If you have any questions in respect of this approval please contact the undersigned at (204) 945-6574.

Yours truly,

s

John N. Fox, P.Eng.
Chief Petroleum Engineer

cc. Bob Wooley, Director, Western Region
Department of Natural Resources



Manitoba %’

Energy and Mines Petrcleum 1395 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2
CANADA

PH: (204) 945-6577
Fax: (204) 945-0586

June 6, 1997

Chevron Canada Resources
500-Fifth Avenue SW
Calgary AB T2P OL7

Attention; Sue Bradley

Re: Spacing Order No. 12 - Reduced 8 ha Spacing Routledge Area

The Petroleum and Energy Branch has completed its review of Tundra Oil and Gas Ltd.’s application
for § ha spacing in the Routledge area. Attached for your information is a copy of Spacing Order No.
12 approving 8 ha spacing in a portion of Section 29-9-25. The spacing area has been modified in
accordance with your letter of objection (27-Feb-97) to exclude partial 8 ha spacing units that extend
into Routledge Unit No. 1 that would have required the pooling of unit and non-unit lands.

In its objection Chevron indicated this area may contain bypassed oil reserves and is a potential
horizontal drilling candidate. The Branch shares both Tundra’s and Chevron’s views that additional
reserves can be recovered along the boundary of the unit. If Tundra’s infill drilling project is
commercially successful, the Branch, at Tundra’s request, will reconsider Tundra’s application to
extend 8 ha spacing into the Unit. At that time Chevron will be expected to outline its plans to
optimize recovery from the unit area in Section 29 and/or provide technical/economic justification for
not extending 8 ha spacing into the Unit. Prior to making reapplication Tundra has been advised to
initiate discussions with Chevron regarding support of and participation in the project.

If you have any questions in respect of this matter please contact the undersigned at (204) 945-6574.

Yours truly,
\ SN

John N. Fox, P.Eng.
Chief Petroleum Engineer
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Manitoba e %

oae  March 25, 1997 ~. Memorandum
To . Bob Dubreuil SRR S ;From  Bob Wooley
- Director S . - - Regional Director
- Petroleum and Energy Branch, . - Western Region - Operations
- Energy and Mines .7 Box 13, 340 - 9th Street
~ 360-1395 Ellice Avenue TR eéonone  Brandon, Manitoba R7A 6C2

' (204) 726-6299
TUNDRA OIL AND GAS LTD. - REDUCED SPACING APPLICATION

Subject

| have reviewed your comments regarding the Western Region’s response to the
above-noted application. Regional staff continue to have concerns regarding the

§ scope of development proposed for this relatively small area. The request for
- additional information on the site was aimed at providing detailed information on
=z fiora and fauna in order to effectively mitigate impacts of the proposed

development.

As a wildlife management area, the site provides habitat for a variety of flora and
fauna that collectively contribute to the biological diversity of this region. While the
protection of rare and endangered species is of particular concern, we cannot lose
sight of the importance of these natural areas to other species not presently listed
on a rare, threatened or endangered species list. The habitat fragmentation and
disturbance associated with development and operation of wells and flowlines on
an eight-hectare spacing will seriously reduce the vaiue of this site to wildlife and
limit use by the general public.

If either directional drilling or an increase in well spacing to reduce the number of
wells is not a practical method to reduce the impact of development on this site,
then some other form of mitigation should be considered, including the purchase
of alternate lands.

c.c. K. Tyler
T. Moran E A
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Manitoba F —5D g?f
pae March s, 1997 Memorandum

To  Mr. Bob Wooley From . Bob Dubreuil, Director
Regional Director - Operations * Petroleum and Energy Branch
Manitoba Natural Resources ' Energy and Mines
340 Ninth Street, BRANDON _ 360-1395 Ellice Ave.

_ Telephone . Winnipeg MB R3G 3P2
Subjec! TUNDRA OIL AND GAS LTD. - REDUCED SPACING APPLICATION

I am in receipt of your memo dated February 24, 1997 respecting the subject application. In
your memo, you suggest there is a need for additional surveys (flora, spring breeding birds and
winter white tailed deer) prior to the project proceeding. I am concerned that, in view of the
company’s stated plans, these additional surveys are difficult to justify. I have include my
specific comments in the following sections.

First ] Fold

Rare and Endangered Plants
You indicate that additional flora inventories are required on the site.

The occurrence of the Western Spiderwort in the general vicinity of the project has been
identified. The “Flora and Fauna Investigation” prepared by UMA Engineering Ltd for Tundra
Oil and Gas indicates that the plant only occurs in sand dune areas, and that none of the
proposed drilling sites “offers suitable habitat for the plant”. An inspection of some of the dune
areas along the north west margin of the section revealed several spiderwort plants “in the last
stages of fall die off”. While it is acknowledged that the timing of the survey was not optimal
for detection of these plants, the company’s mitigation strategy is to avoid the areas suitable for
the plant. Because of this strategy, it is difficult to understand why additional flora surveys are
required. I would suggest a more appropriate requirement would be for the company to take
measures to ensure no disturbance to the duned areas occurred as a result of its activities.

Spring Breeding Bird Surveys
You indicate that spring breeding bird surveys are required on the site.

The UMA report noted a previous study by Natural Resources that found Section 29 did not
represent high quality habitat for rare and protected grassland birds. Based on this study, UMA
concluded that it is unlikely that any important grassland bird species would take up summer
residence on the section. UMA goes on to suggest that “timing constraints may be necessary to
avoid impacts on nesting migratory birds and interference with recreational land use during
hunting season”. In response to this comment, the company has indicated it will only drill wells
on the site during a mid July to mid September time frame. I believe this is an effective
mitigation against the possible disturbance of nesting birds, and it is not clear to me how the
additional information from the requested survey will enhance the development plan. It is
suggested that a more appropriate approach would be to impose restrictions on maintenance
operations during critical nesting times.

'S 25 894.01-00930 D %ﬁb



While Tailed Deer
You indicate a white-tailed deer survey should be completed.

The UMA report notes that the only high quality deer habitat (Class 3 winter range) in Section
29 occurs in the extreme north-western part of the section. As the development plan indicates
no wells are planned for this area, it is difficult to understand how an additional survey will have
any meaningful impact on appropriate development in the area.

Directional Drilling

It would appear that the planned development is tailored, both in terms of timing and location
of specific facilities, to minimize the impact of drilling and production operations on the area.
The consultant’s report concludes that “the drilling program ... should not have an
unacceptable impact on natural resources provided that industry standard drilling and extraction
processes are used”. In the absence of any unmitigatable circumstances a requirement to utilize
more expensive and riskier directional drilling techniques would not appear to be reasonable at
this time.

Summary

As I mentioned above I am concerned that a number of your requests involve additional surveys
that due to mitigation proposed by the company, do not directly relate to the proposed

development of the area. I suggest, a more appropriate approach would be to incorporate the
proposed development restrictions in the final development plan.

Please contact me (945-6573) or John Fox (945-6574) at your earliest convenience with your

comments and any questions. If required, we would be prepared to meet with you to resolve all
the outstanding issues relating to the reduced spacing application.

Y,

L.R. Dubreuil

cc John Fox

j\user\hit\bob\natresiroutledg doc
LRD/pm
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The Branch received Natural Resources comments on Tundra’s application for reduced spacing in Section
29-9-25 (WPM). The thrust of Natural Resources concerns are directed towards requiring additional flora
and fauna surveys and inventories. A review of the consultant’s report suggests the impact on flora and
fauna can be minimized by proper siting of the wells and restrictions on when the wells are drilled.

Rare and Endangered Plants

The consultant’s report recognized that the timing of the survey was not ideal for identifying the presence
of Western Spiderwort. However the consultant noted that none of the drilling sites offer suitable habitat
for the spiderwort plant, which only occurs on sand dunes. The consultant concluded the project does not
pose a threat to the two rare or protected vascular plant species in the section (Western Spiderwort and
Purple Pin-Cushion Cactus). Is this conclusion in error and if not s there a need for additional flora
inventories? What additional information on the potential for impact on rare plants is required?

Rare and Endangered Grassland Birds

The consultant’s report noted that a previous study by Natural Resources found Section 29 did not
represent high quality habitat for rare and protected grassland birds. The study also concluded that is it
highly unlikely that any rare/protected grassland bird species will be affected by the project. Natural
Resources has indicated a spring breeding bird survey is required to adequately identify and /or mitigate
impacts on bird populations. The consultant is recommending that no drilling by permitted between late-
March and mid-July to avoid disturbing nesting birds. If drilling is not conducted during nesting season is
there a need for a spring breeding bird survey? How will general information on bird species composition
be incorporated into the project development plan? Which type of habitat is amenable to sharp-tailed
grouse breeding grounds and can an appropriate buffer zone be established around such areas?

White-Tailed Deer

The consultant’s report noted that the only high quality deer habitat (Class 3 winter range) in Section 29
oceurs in the extreme NW corner of the section, where Tundra does not plan to drill. The surrounding
Sections 30, 31 & 32 are also classified as Class 3 winter range. The consultant is recommending that no
drilling occur in the winter to avoid displacing deer from their winter range. If drilling is not conducted
during the winter is there a need for white-tailed deer survey?

It appears from my review of the flora and fauna investigation that the consultant has identified the
potential impacts of the project on flora and fauna and rather than conduct additional surveys has
recommended certain development conditions to mitigate the impact of the project. The Branch believes
the consultant’s report is a good foundation for Tundra’s development plan for the reduced spacing project.
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ROUTLEDGE FIELD
SECTION 29-9-25
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Figure 4: Spiderwort sites.

B. Hellman and Crown properties
(X) Leafy Spurge Beetle release sites.
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Chapter Act/Regulation Name Base Amendments Gazette
Number Regulation
w80 The Water Rights Act
Water Rights Regulation 126/87 Apr. 18/87
19/90 Feb. 3/90
107/90 June 2/90
w130 The Wildlife Act
Amphibians and Reptiles Regulation 215/89 Sept. 16/89
121/90 June 16/90
Bait Near the Hudson Bay Coastline Regulation 208/85 Oct. 5/85
121/90 June 16/90
Compensation for Hunter-Killed or 26/88 R Jan. 30/88
Injured Livestock Regulation 145/90 June 30/90
Compensation for Loss or Damage 28/88 R Jan. 30/88
to Crops by Migratory Game Birds Regutation 73/89 Apr. 8/89
145/90 June 30/90
designation of nature centres 28/87 Feb. 7/87
Designation of Trapping Areas Regulation 190/86 Sept. 6/86
443/88 Nov. 12/88
183/89 Aug. 12/89
145/30 July 7/80
Designation of Wild Animals Regulation 3/96 Jan. 27/96
Designation of Wildlife Management Areas Regulation 57/90 Mar. 24/90
106/90 June 2/90
34/91 Feb. 23/91
113/93 July 3/93
32/95 Mar. 18/95
Disposition of Black Bears Captured Alive Regulation 188/92 Oct. 10/92
Fur Bearing Animal Seasons Regulation 245/90 Dec. 8/90
237/91 Nov. 16/91
72/92 Apr. 11/92
168/92 Sept. 19/92
231/94 Dec. 24/94
114/95 Aug. 19/95
184/96 Oct. 5/96
Fur Cealers, Tanners and Taxidermists Regulation 33/88 R Jan. 30/88
121/80 June 16/90
28/92 Mar. 7/92
General Hunting Regulation 351/87 QOct. 17/87
355/88 Sept. 24/88
222/89 Sept.-23/89
225/89 Sept. 23/89
75/90 Apr. 21/90
121/90 June 16/90
194/90 Sept. 15/90
196/90 Sept. 22/90
114/91 June 8/91
208/91 Sept. 28/91

56
REGULATICN INDEX

September 30, 1996
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14 Subsection 1(59)(a) of the Schedule is
repealed and the following is substituted:

(a) Mimir Unit

In Township 5, Range 14 West and being the
northwest quarter of Section 31; in Township 6.
Range 14 West and being the southwest quarter
of Section 6; in Township 6. Range 15 West and
being the southeast quarter of Section 1.

15 The Schedule is amended by adding
the following after subsection 1(62)(k):

{1} Routledge Unit
In Township 9, Range 25 West and being the west
half of Section 28.

16 Subsection 1(69) of the Schedule is
repealed and the following is substituted:

Whitemud Watershed
1(69)

(a) Lower Assiniboine Unit

in Township 9. Range 8 West and being that
portion of the south half of the southeast quarter
of Section 30 north of the Assiniboine River and
that portion of the south half of the southwest
guarter of Section 30 south of the Assiniboine
River: in Township 9, Range 9 West and being
that portion of the northeast quarter of Section
13 south of the Assiniboine River, the northwest
guarter of Section 25. the northeast quarter of
Section 29 excluding that portion taken for a
road as shown on a Pian of survey registered in
the Morden Land Titles Office (C. Div.) as No.
1242, the southeast quarter of Section 29
excluding that portion taken for a road as shown
on a Plan of Survey registered in the Morden
Land Titles Office (C. Div.) as No. 1242 and the
north 968 feet perpendicular of the south 1258
feet perpendicular of the east 500 feet
perpendicular, the southwest quarter of Section
29 and the east half of the northwest quarter of
Section 35: in Township 9. Range 10 West and
being that portion of the northeaslt quarter of
Section 10 south of the Assiniboine River, that
portion of the northwest quarier of Section 11

14 L'alinéa 1(59)a) de l'annexe est
remplacé par ce qui suit :

a) territoire de Mimir

Dans le township 5. rang 14 ouest @ le quart
nord-ouest de la section 31; dans le township 6.
rang 14 ouest : le quart sud-ouest de la section 6:
dans le township 6. rang 15 ouest : le quart
sud-est de la section 1.

15 L'annexe est modifiée par adjonction,
aprés l'alinéa 1(62)k), de ce qui suit :

1} territoire de Routledge
Dans le township 9, rang 25 ouest : la moitié
ouest de la section 22

16 Le paragraphe 1(69) de l'annexe est
remplacé par ce qui suit :

Ligne de partage des eaux de Whitemud
1(69)

a) territoire de la Basse-Assiniboine

Dans le township 9. rang 8 ouest : la partie de la
moitié sud du quart sud-est de la section 30
située au nord de la riviére Assiniboine ainsi que
la partie de la moitié sud du quart sud-ouest de
la section 30 située au sud de la riviere
Assiniboine; dans le township 9, rang 9 ouest : la
partie du quart nord-est de la section 13 située
au sud de la riviere Assiniboine, le quart
nord-ouest de la section 25, le quart nord-est de
la section 29, a l'exception de la partie prise pour
route ainsi que lindique le plan darpentage
n° 1242 enregistré au Bureau des titres fonciers
de Morden (Div. de C.), le quart sud-est de la
section 29, a l'exception de la partie prise pour
route ainsi que lindique le plan d'arpentage
n® 1242 enregistré au Bureau des titres fonciers
de Morden (Div. de C.) et des 968 pieds les plus
au nord, mesurés perpendiculairement, des
1 258 pieds les plus au sud, mesurés
perpendiculairement, des 500 pieds les plus a
lest, mesurés perpendiculairement de la
section 29 et le quart sud-cuest de la section 29
ainsi que la moitié est du quart nord-ouest de la
section 35; dans le township 9, rang 10 ouest : la
partie du quart nord-est de la section 10 située

»

























Record of Special Conditions - L952-1383

DUE 7O THE ENVIRONMENTALLY SENSITIVE NATURE OF THE LEASE AREA, THE FOLLOWING CONDITIONS HAVE
BEEN INCLUDED:

1. That the Lessee shall, prior to the commencement of geophysical, drilling, production or other related operations within
the lease area, obtain the approval of the Director of the Petroleum Branch of a plan of operations.

2. That all operations carried on within the lease area shall be in coempliance with the plan of operations approved under
Clause 1.

Record of Special Conditions - L951-1326

DUE TO THE ENVIRONMENTALLY SENSITIVE NATURE OF THE L EASE AREA, THE FOLLOWING CONDITIONS HAVE
BEEN INC| UDED:

1 That the Lessee shall, prior to the commencement of geophysical, driliing, preduction or other refated aperations within
the lease area, obtain the approval of the Director of the Petrcleum Branch of a plan of operations,

2 That all operations carried on within the lease area shall be in compliance with the plan of operations approved under
Clause 1.
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Lo
To L.R. Dubreuil, Director A from G, Baker
Petroteum Branch FRCT S/ Director
Manitoba Energy & Mines o oA ‘Policy Coordination Branch
360 - 1395 Ellice Ave. el 4:q.ﬂw“ ‘Box 38, 1495 St. James Street
: ”;_jf&rt'ngq' . ‘Winnipeg, MB  R3H OW9
PROPOSED SALE OF CROWN OIL et TEERRONE

Subject AND NATURAL GAS LEASES

AUGUST 23, 1995

Manitoba Natural Resources has reviewed the latest listing of 0i1 & Natural Gas
Leases that will be advertised for eventual sale, and provide the following

2 comments.

= Parcels identified as having a surface, mineral or other interest:
PARCEL SURFACE DISPOSITION
A10 -

A quarry lease is noted on the East half
of the section. '». . - | ;

AS6 ' ~ (3D v3°2%-9-25" - The surface is Crown and a Forage Lease (4026)
exists., Agricultural Crown Lands should be
contacted for their concerns.

- Note: The site is currently hayland but has the
potential as a mixed-grass prairie. Surface
development could be planned in advance of any
operational start up. Manitoba Natural Resources
(and presumably Agricultural Crown Lands) staff
will assist in the planning development, if
contacted.

AS8; A60 - A66 - - These Tands are withdrawn from prospecting
because of the mineral disposition {potash).
The following parcels exhibit a concern relative to mineral ownership:

(Please contact Crown Lands Branch for actual documentation/clarification)

1) Parcel A5 / - The SE has Crown minerals while the SW is
patented.

2) Parcels A29,
A32; A34,” and A59 ° - Minerals are patented.

Pt 2GR0 (h-00930D ﬁ“.\‘ﬁ"
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The following parcels have been identified as having wildlife concerns i.e.
endangered bird species occurrences (nesting and foraging) on site. It is again
recommended that the purchaser/developer contact the regional staff of Manitoba
Natural Resources (1-204-726-6299) for information on how to minimize the impacts
of development.

Parcel Species

A3 Burrowing Owl (BO)

A6 Baird’s Sparrow (BS)
All BO, BS, Ferruginous hawk (FH)
Alz ‘ BO, BS

Al4 \ BS

AlS _ BS

Al6 \ wot U FH

Al8 PURTEAR BO, BS

Al9 oL Loggerhead Shrike (LS)
A30 e BS

A3l LS

A33 BS

A38 BS

A42 BC, BS

A47 LS

AS3 LS

AS5 BS, LS

-
/jC/)W' A

/%*’ G. Baker
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Date February 24, 1995 Memorandum

To Kathryn Hepburn
1.D.6. Coordinator
Policy Coardination Branch
201 - 1495 St. James St.
Winnipeg MB R3H OW9

Subject

From Bob Waoley
Regional Director
Wwestern Region - Operations
Bex 13, 340 - Sth Street
Brandon, MB R7A 6(2
Telephore (204) 726-6299

proposed Sale of Crown 0i1 and Natural Gas

Leases - May 3, 1995

Western Region staff have raeviewed the above 1list and have

and animal locationms,
fragmentation.

First | Foid

the following parcels:

A45-51 inclusive, A57, A59,

identified concerns regarding wild]ife management areas,
surface water,

A7, Al3-18 inclusive, A22-25 inclusive,
A62, ABS-66, A6B, AT1-72, A74, AT77.

endangered plant

fisheries {ssues, and habitat

Western Region staff have no concerns regarding oil/gas development on

A28-29, A33, A35-40 inclusive,

parcel A9, SE 29 - 2- 2.
Pierson W.M_A.
js a valuable wild

a

This is the Gainsborough Creek Unit of the
This piece should be_ withdrawn

from the sales list.
n_habi i
s habitat for western spiderwort, an

be surveyed to determina if the plant |~

It

P ) Tt. u
Q/ ( is present before development. See T. Moran’'s memo dated Feb. 22/95 NoxO/'
RS d&/ v‘\ﬂx For further details. N
o
ﬁf’ i 3. On the basis of the following table, D.N.R. Western Region has
A\ jdentified the other parcels of concern and the natural resources
0p be issues related to development on these parcels.
\(;L In all cases, we will request that special development Jor
operational restrictions will apply to the sites. Surface access ave
to be subject to approval of 2 development plian. ~
mag-
The following legend applies to the table belaw:
S.M. | . Surface water protection to
protect fisheries required.
£.S. (B0, FH, LS, BS) - Endangered spacies use of
le . habitat; Burrowing Owl {BO),
S/ r,y'v Ferruginous  hawk (FH),
0{ w J‘J Loggerhead Shrike (LS), and
IX ® Baird’s Sparrow (BS)
% W C/ Lvr N.P. - Native, mixed-grass prairie
A W.T.D. - wWhite-tailed deer wintering
0 rd y Y habitat.
W
MAR 14 'SS 11:28
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- Sharp-tailed grouse braading
ground (lek)

- Western spiderwort habitat

- Wildlife Management Areas

S,
27 -1 S.W,
26 4 E.S. (B.0. & F.H.) nesting
sites
A4 SW 18 2 26 TN.P., S.W.
y.-1 kig 19 2 26 S.W.
A6 N} 19 2 26 | S.M., N.P., E.S. (F.H.)
nesting site
o SW 16 2 27 1 S.M.
ST A9 54 29 2 27 - W.M.A., N.P., S.H., W.T.D.
- withdraw
S N§ 29 2 27 1 S.MW.
All Wi 32 2 27 TN.P.
AlZ NE 36 2 27 TN.P.
A¥S NE 20 3 26 1S.W.
Al7 SW 20 3 26 TS$.N., E.S. (F.H.)
M8, SE & NW |22 & 28 3 26 5.0,
.
AL > (ae) AT 29 3 26 4 S.WM., E.S. (B.S.)
A26 Ni 29 3 29 +W.T.D. {wintering area)
W Sl Gerd | an 29 A 28 _IN.P., E.S. (B.S., F.H.)
A30 £} 10 4 29 4 S.M., N.P.
o = | Gan) su 1 4 29 L1S.M., N.P,
A3y | S} & MM 12 4 29 | S.N.
J3% | SE & Ni 16 4 29 -1 5.M.
MY Al 29 4 29 - S.W.
yY+3 SE 32 4 23 -] S.W.

MAR 14 '89S 11:28 284 245 4552 PAGE.@V3
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3
D.N.R. Issues
E.S. (B.0., F.H., L.S.)
nest site
A1l 24 5 28 -E.S. (B.0., F.H., L.S.)
A4S wi 2 5 28 ls.W., E.S. (L.S., F.H.)
nest site, S.T.G.
.l All 12 5 29  1S.W.
A53 A1l 4 5 29  1S.W.
Wi 10 5 29 S\
pES E} 6 5 29  TS.M-
A56 Al 16 5 29 }s.W., N.P., E.S. (B.0.)
A58 NE 20 5 29 TE.S. (L.S.)
A60 A1l 24 5 29  {S.M., E.§. (L.5.)
A6l All 28 5 29 1S.M., E.S. (B.S. & L.S.)
A63 Si 30 5 29 [E.S. (L.5.)
pe% | S} & NE 32 5 29 [S.W.
AB7 Wi 22 6 29 TS.W., N.P. -
QL G@%{) LSD 29 5 25 | E.S. (W.S.}, W.T.D.
3,4, 5
A70 LSD 13 6 9 27 TE.S. (L.S.)
A73 LSD 16 30 9 2¢  Tw.T.D. {wintering area)
5 Ed 29 12 28 -1S.M.
ME | ui _29 12 28 Ts.u, |

This oil/gas development sales list certainly highlights the
natural resources sensitivity of a number of these areas. 0il companies should
be encouraged to begin early discussion and consultation with my staff before
development to ensure all issues are addressed.

Bob Wooley
De/jd
¢.¢c. L. Misanchuk 8. Howard K. Schykulski
D. Chranowski G. Suggett K. DeSmet
L. Bidlake T. Moran

MAR 14 ’8S 113
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Petroleum and Energy Branch L ‘
1395 Ellice Avenne, Saite 360 R p’."f\
Winnipeg, Manitoba Sy paARY
R3G 3P2 "'w..._,___,,,//

Attention: Mr. John Fox, Chief Petroleum Engineer

thevron

» Chevron

Chevron Canada Resources
508 - Fifth Avenue, 5.W,
Calgary, Alberta T2P 0L7
Telephone (403) 234-5000
Fax (403) 234-5124

Esstern Businvess Unit

RE: Application by Tundra Oil & Gas Ltd. to Reduce Spacing in Routledge, Manitoba

Section 29-9-25 WPM

Chevron Canada Resources is in receipt of a notice issued by the Petroleum and Energy Branch dated
Jamuary 27, 1997 pertaining to the captioned application. It is our understanding that Tundra wishes to
have spacing in Section 29-9-25 WPM reduced from 16 hectares to 8 hectares. It is our understanding
from the notice that Tundra may wish to drill wells in partial 8 hectare spacing units bordering the
Routledge Unit No. 1. You have indicated in the notice that certain portions of the Routledge Unit No. 1
would have to be inchuded in a pooling agreement or order before drilling in these partial spacing units

could take place.

As unit operator of the Routledge Unit No. 1, Chevron hereby gives notice to you that we object 10
allowing Tundra the reduced spacing for the three proposed wells offsetting our unit. These locations

would be 2-29, 7-29 and 10-29.

We object on the basis that these proposed wells wonld drain reserves from our unit. Despite the fact that
the Routledge Unit wells offsetting this application are currently abandoned, we have identified that this
area may have bypassed il reserves and as such is a potential iocation for a horizontal well for our unit.

Further questions may be directed to either Sue Bradley at (403) 234-5755 or Brian Grant at (403) 234~

5812.
Yours truly,
Chevron Canada Resources

A Bradley, ~

Sue Bradley
Land/ JV, Eastern Business Unit

oc: Tundra Qil and Gas Lid.
Attertion: Mr. George Czyzewski, General Manager




Manitoba s 2
74 February 1997 N Memorandum

Bob Wooley

To  Chief Petroleum Engineer Regional Director - {perations
Petroleum & Energy Branch |- - Dept. Natural Resources
‘Ste 368 - 1395 Ellice Ave.l . 3468 Ninth St
Winnipeg, MB  R3G 053 ' ‘ © Brandown, ME R7A 544

FEe-6LYYy

Date
John Fox

Subject

Fegional statt have reviewed the above noted application and have 1dentified
the following concerns with respect to Wildlite Management Area (WMA) lands
on the west 172 ot 29-9-.50u;

~ additicnal Tlora inventories are required on the site. Flora surveys
compioted by the consultant in September would have missed the most
appropriate pertod (eariy to mid July} that the rare plant, Western
Spicerwort, wouid be most easily 1dentified. The spring and early summey
peric when plants are flowering would be better suited for flora
nventories. Additional nformation on the potential for 1mpasc? on rarp
plants should be provided.

First | Fold

spring breeding bird surveys are required on the site to adequately
identify ang ot mitigate impacts on bird populaticons. General intormation
on spacies composiiion  as wWell as wsrations of sharp-talled grouse
breeding graounds should be documented.

a2 winter whitg-tailed deer survey shouwid be completed to effeciively
assess the impect on deer using the area as winter habitat. Displaceaent
of deer will rout oply resuit in potential loss of deer, 1t may further
romplicate an already seripus depredation problem to stored feed supplies.
In grder 10 have any value this survey should be carrvied put as soen as
posalble.

ihere are fewer concerns regardilng the east npalt of Section 29 however 1is
proximcity to WA lands make It wvaluable to wildl:ife populations, &
sevelopment plan would be appropriate for this site as development
restiricliions would apzoly.

Althougn Tundra 011 & Gas Ltd. indicate directional drilling iz not the
preferred method of recovering remaining g1l reserves this method rcould
vffeciively mitigate most concerns regarding development of Section 29 and in
particular the WMA lands on the west hatt ot the section. A more thorough
investization of the site is requived ‘0o adequatoly assess the i1mpact of

soevelopnent., <::j_,——qﬁ

Eob Woole

s 1. Moran
.. Bidiake
L. Johnson
H. “line

PS 25 B94-01-00271




MEMO

To: John Fox
Chief Petroleum Engineer
Energy & Mines

From: Ed Sawatzky
Manager, Land Development
Corporate Planning & Business Development

Subject: Application for reduced Oil Well Spacing at Routledge Field (29-9-25W),
RM of Sifton

Date: February 10, 1997

In reply to your memo to Ron Riopka, your request has been forwarded to Al Shier of our
Brandon Community Economic Development Services Branch, by way of this memo. Al will
advise whether our Department will want to be involved in the review of this application.

Thank you.

Ed Sawatzky

ce: Ron Riopka
Peter Mah
Al Shier

/ e,
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Memorandum

Date: February 5, 1997
To: John N. Fox From: Floyd Phillips

Subject

Petroleum Engineer Manager, Terrestrial Quality Mgmnt
Petroleum Branch

Manitoba Environment
5565-330 Graham A
raham Avenue Bldg. 2, 139 Tuxedo Avenue
Winnipeg MB R3N OH6

Telephone: (204) 945-7003
Tundra Qil and Gas Ltd. reduced spacing proposal - Section 29-9-25 WPM

Thank you for providing me with the information re: the proposed reduced oil well spacing on
the identified property, as well as the report on the flora and fauna investigation.

It is unfortunate that the flora and fauna survey could not have been conducted in June or early
July so that a more accurate species list could have been compiled. For future developments, I
would hope that more lead time could be provided to ensure that a thorough biological survey
can be conducted at the proper time in the growing season. Nevertheless, I agree with the report
that endangered plant species that may be present will probably not be impacted.

Given the input from MB Natural Resources, I probably do not need to be involved in the review.
However, I would appreciate it if you could provide me with any further information or decisions
that result from the review.




Thdra

ollandgasitd.

February 5, 1997

Petroleum and Energy Branch
1395 Ellice Avenue, Suite 360 .
Winnipeg, Manitoba
R3G 3P2

Attention: Mr. J. Fox, P.Eng.
Chief Petroleum Engineer
Dear John,

RE: Routledge Field
Reduced 8 Hectare Spacing Application

In reply to your letter dated 97.01.27 pertaining to the
referenced subject matter, Tundra 0il and Gas Ltd. has the
following feedback:

Question No.l: Location variation in oil/water contact in
Scallion Member and impact on recovery.

The Scallion formation as outlined in the Discussion

(Geology, Page 2) section of the application is a
stratigraphic play with beds dipping in a northeast to
southwest direction (refer to Figure No.4, Page 11). There

appears to be 1local structural entrapment which would
contribute to some variation in the oil/water contact in the
area requested for reduced spacing. The wvariation in
oil/water contact due to this reservoir phenomenon is about
1 to 2 metres between wells (refer to Appendix H), and would
not significantly impact on recovery. Since the Scallion
formation is highly stratified in the Routledge area, with
natural fracturing, water coning due to this diagenetic
feature may impact oil recovery more appreciably than local
variations in the oil/water contact. The stratified nature
of the reservoir with susceptibility to water coning is the
primary reason for selecting reduced spacing to enhance oil
recovery from this pool.

Question No.2: Discrepancy between Phi-h values in Figure
No.3 and Table No.4.

There actually is no discrepancy between the phi-h values
in Figure No.3 and Table No.4. Figure No.3 represents a phi-
h map of the Scallion formation with local well phi-h values
as noted. Table No.4 represents the average phi-h over the
16 heactare spacing area 1in each LSD. Porosity and

1111 - One Lombard Place, Winnipeg, Manitoba R3B 0X4 Telephone: (204) 934-5850 Fax: (204) 934-5820
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ollandgasitd.

permeability cutoffs for the estimation of net 0il pay in
the Virden and Scallion Members were 9% and 1 md,
respectively. Average net oil pay in the Virden and Scallion
Members is estimated at 2 metres and 4 metres, respectively.

Question No.3: Method of estimating incremental oil recovery
on 8 heactare spacing.

Tundra has estimated the incremental o©il recovery
attributable to infill drilling on 8 hectare spacing
according to the following process. Table No.2 (page 20}
indicates that the current and ultimate oil recovery on the
existing producing lands is estimated at 10% and 17% of the
oil-in-place, respectively. This falls short of the 25.9% of
the oil-in-place ultimate recovery predicted in the
Routledge Unit No.l1 on 16 hectare spacing. The average
ultimate oil recovery predicted for a pressure maintained
0il reservoir (natural or mechanical) in Western Canada is
projected to be 35% of the cil-in-place. Taking this into
consideration, plus infill drilling on 8 hectare spacing, a
maximum ceiling for ultimate recovery in the reduced spacing
area was set at 35% of the oil-in-place. The Branch has
implied in their question that an incremental oil recovery
of 35% of the oil-in-place would be achieved with infill
drilling. This is clearly not the case. The average infill
well on 8 hectare spacing is projected to recover about
37,000 STB of oil which compares favourably to the ultimate
recovery of 39,000 STB estimated for the existing wells
{(refer to Table No.7, page 25). Based on this approach, an
ultimate recovery of 23% of the oil-in-place is forecasted
with infill drilling in the total reduced spacing area
(refer to Table No.7, page 25). This compares favourably
with the aforementioned Chevron Unit ultimate oil recovery.

Question No.4: Pan Canadian is listed as the mineral owner
of lands in the NE/4 of Section 19-9-25 (WPM) and the SE/4
of Section 31-9-25 (WPM). Who is lessee?

Tundra 0il and Gas Ltd. (TOGL) does not have the subject
lands under lease. TOGL advises that the Branch contact the
mineral owner directly to obtain this information.

Should you have any further questions pertaining to the
subject application, please feel free to call me at 204-934-
5853.




TOhdra ’
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Yours truly,

TUNDRA OIL AND GAS LTD.

George‘Czyzewski, P.Eng.
General Manager
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Energy and Mines Petroleurmn 1395 Ellice Avenue Suite 360
w Winnipeg MB R3G 3P2
CANADA

PH: {204) 945-8577
Fax: (204) 945-0586
28-Jan-97

Mr. R. Riopka

Director, Corporate Planning and Business Development
Department of Rural Development

600, 800 Portage Avenue

Winnipeg MB R3G ON4

Dear Mr. Riopka:
Re: Application for Reduced Oil Well Spacing under The Qil and Gas Act

The Petroleum and Energy Branch has received an application from Tundra Oil and Gas Ltd. for
reduced 8 ha spacing in Section 29-9-25 (WPM) in the Routledge Field. A copy of the notice of
application is attached for your reference. With previous applications for reduced spacing the Branch
has consulted with the Departments of Rural Development, Agriculture and Environment. This
consultation has proven useful and has ensured land use and environmental issues are addressed and
appropriate development conditions are included in the Branch’s approval. With respect to this
particular application, the Department of Natural Resources is the owner of the surface and has been
involved with the Branch and the applicant in extensive preparatory work. A copy of a flora and fauna
survey carried out by the applicant at the request of Natural Resources is attached for your reference.

As aresult of the involvement of Natural Resources, with their dual responsibility as owner of the
surface and their role in integrated resource management, it is suggested that involvement of the other
departments in review of this application would be a duplication of effort. Please let me know if you
agree with this suggestion or if you would be like to be involved in the review process. 1 can be
reached at (204) 945-6574 or e-mail at jfox@em.gov.mb.ca.

Yours truly,

=

John Fox, P.Eng.
Chief Petroleum Engineer

cc. Ken McGill, Manitoba Agricuiture
Floyd Phiilips, Manitoba Environment



January 27, 1997

Bob Wooley John N, Fox
Director, Western Region Chief Petroleum Engineer
Manitoba Natural Resources Petroleum & Energy Branch

Application for Reduced 8 ha Spacing - Routledge Field

Tundra Oil and Gas Ltd. has applied for reduced 8 ha spacing in Section 29-9-25 (WPM) in the
Routledge Field. Attached are copies of the application and results of the flora and fauna investigation
carried out last fall. The application will be advertised in the local papers with a deadline for
objections and interventions of February 28, 1997.

I propose the recommendations in the flora and fauna investigation form the basis of the development
plan. Please advise me of any questions or concerns Natural Resources may have with the application.
In accordance with our joint informational notice your comments would be appreciated by February 28,
1997, Any questions please don’t hesitate to call me at (204) 945-6574.




Manitoba

Energy and Mines

Tundra Oil and Gas Ltd. has made application under Section 102 of The Oil and Gas Act to reduce the
size of spacing units from 16 hectares (40 acres) to 8 hectares (20 acres) in the portion of the Routledge
Field shown below (“area of application”). If the application is approved, Tundra Oil and Gas Ltd.
plans to drill as many as 12 wells in the area of application. Prior to drilling a well in a partial 8 ha
spacing unit bordering Routledge Unit No. 1, all tracts of land in the area highlighted must be included

in a pooling agreement or order.

Area of
Appficoti%

8 ha
Spacing unit

NOTICE UNDER
THE OIL AND GAS ACT

CANADA

PH: (204) 945-6577
Fax: (204) 945-0586

Application for Reduced 8 Hectare Spacing in the Routledge Field

SECTION 29—9-25 (WPM)

COOT
KKK 2 N

Producer

N4 e

Cry and abandoned

Abondaned praducer

Saoit water disposal

(former producer)

Proposed drilling locations

Area to be pooled prior to drilling lacations on partial hectare spacing units

O

1395 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2

.» Partial 8 ha
Spacing units

|- Routledge

Boundary



If you have any questions or require further information regarding the application, you may contact the
company or the Petroleum and Energy Branch at:

George Czyzewski, P.Eng. John Fox, P.Eng.

General Manager Chief Petroleum Engineer
Tundra Oil and Gas Ltd. Petroleum and Energy Branch
1111-One Lombard Place 13935 Ellice Avenue, Suite 360
Winnipeg MB R3B 0X4 Winnipeg MB R3G 3P2
Phone: (204) 934-5853 Phone: (204) 945-6574

Fax: (204) 945-0586
e-mail: jfox@em.gov.mb.ca

H no objections or interventions are received by the Petroleum and Energy Branch in writing by
February 28, 1997, the application may be approved.

\

an 27, 1977 MG—D

Date ’L. Rv Dubreuil
Director of Petroleum

L
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mornings from 9:00 to 10:00
a.m. at the Virden Odd Fellows
Hall. The cost is $30.00 per
month, or pay a drop-in fee of
$4.00 per class: Come on out and

TE start stepping!

Adult volleyball will be held

Wednesday nights, February 5,

12, 19 and 26, at the Virden Fn.

i@ -..1or High. The time is from 7:45
i 09:30 pm., and there is a $2.00

drop-in fee.

Adult badminton will be held on
Monday nights from February 3 to
March 10 at the Virden Junior

%' Highgym. Thetimeis 7:45t0 9:30
. pm., and the cost is $15.00.

Gymtastics will be held at the

mua oouE.EEw E:: >un_ 3 in

the -Virden Junior High Band -

Room. The cost is $40.
A floor hockey program is be-
ing offered for those 18 and over

at the Virden Junior High ggmon |
Tuesday nights. This takes place

from 7:45 to 9:30 p.m., and the
cost is $2.00 each drop .
Come on out and have some
fun!
For more information, phone
Prairie West Recreation at 748-
2542,

"One of the greatest labor-sav-
ing inventions of today is tomor-
row." — Vincent T. Foss

Royal Canadian
Legion No. 8

<m_m:¢=_m o
. Dance
~ Friday, Feb. 14
8:00- 11:00 p.m., in the clubroom

Dance to the music of

" The Emersons

Members and guests welcome
MLCC #6411

you are—comie and m_pci us.”

Manitoba
Energy and Mines

. NOTICE
UNDER THE OIL AND GAS ACT

4 Ury or sbancored 9 Sal waler dapoasl (fofmer prodcss)
* Produos: 4 Proposed driling looutions.
4 Abanconad prodker

A
-] SYiﬂuiggiu

M you have any questions or require further in-
formation regarding the application, you may
cantact the company or the Petroleum and
Energy Branch at
Gi Czyzawsid, P. Eng,
eral Manager
Tundra Oil and Gas Lid.
1111-One Lombard Place
Winnipeg, MB R3B 0X4
Phone (204) 934-5853

John Fox, P Eng.
Chief Petroleum Engineer
Pefrofeum and En Branch
1395 Ellice Avenue, 380

by February 28, 1997, the apphcation may be
approved.

L..R. Dubreyil

Diractor of Petroteum

&w

February 11, 1997

of the >mwmmm§ma >3
>_uv_.._o>.=oz ﬂow REVISION -
42(1)A voao_._ _: Ssomm name nSum..E has cmm_._ mmmmmmma '
amortgageein uommmmm_o: of property under section.114(1)
of The Real Property Act, an occupier of premises who is
required under the terms of a lease to pay the taxes on the -
property, or the. assessor may make mvu__omzo: for revision

of an assessment'roll with respect to; ° - “4¥#¥ «ﬁw a.m S Nhu ‘
a) liability to taxation; . .
" b) amount of an assessed value; T
c) ciassification of property; or . Lo
d) a refusal by anassessor to amend z_m mmmmmmama _.o=

under Subsection 13(2).
APPLICATION REQUIREMENTS:

43(1) An application for revision must

(a) be made in writing;
(b} set'out the roll number and legal ammoﬂ_uzo: oﬁ Em
assessable property for which a revision is sought;
{c) state the mqo_._nam on which the muu__om:o:‘_m cmmma.
and B
(d) be filed by '
{i) delivering it or omcm_:@ it 8 be am_zmqma 8 Sm
‘office indicated in the public aoﬁ_om m_<m: ::Qm,. .
subsection 41(2), or
" (ii} serving it upon the secretary, at least 15 am<m,
before the scheduled sitting date of the board
as indicated in the public notice. .
The Board of Revision will sit on March 27th, 1997 at 10:00
a.m. in the council chamber of the Rural Municipality of Archie
in the town of McAuley to hear applications. * -~
The final date on which applications must be aomzma by the -
Secretary of the Board is March 12th, 1997.
Dated this 5th day of February, 1997
Dawna Jamieson, Secretary, Board of mm<_m_o:
Rural Municipality of Archie
Box 67, McAuley, MB ROM 1HO -

[
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Energy and Mines Petroleum ) 1395 Ellice Avenue Suite 360
' Winnipeg MB R3G 3P2
CANADA

PH: (204) 945-6577
Fax: (204) 945-0586

27-Jan-97

Mr. George Czyzewski, P.Eng.
(General Manager

Tundra Oil and Gas Ltd.

1111 One Lombard Place
Winnipeg MB R3B 0X4

Dear Mr. Czyzewski:
Re: Reduced 8 ha Spacing Application - Routledge Field

The Petroleum and Energy Branch has completed a preliminary review of the subject application.
Attached is a copy of the notice of application to be published in the Virden Empire Advance and
Southwestern Gazette and sent to royalty and working interest owners in and within 0.5 km of the area
of application. Manitoba Natural Resources, as surface owner, will also be involved in the application
review.

The reduced spacing area has been modified slightly to coincide with lands operated by Tundra. The
lands in Routledge Unit No. 1, Lsd’s 1, 8, 9 & 16 in Section 29 have been excluded. However, the
Branch recognizes that infill drilling adjacent to the unit boundary may result in incremental recovery.
Therefore the notice contains the proviso that infill drilling on the partial 8 ha spacing units bordering
the unit may be allowed if non-unit and unit tracts are pooled by agreement or order. The Branch
requests Tundra initiate discussions with Chevron Canada Resources, the operator of Routledge Unit
No. |, regarding their position on the application. Support from Chevron for reduced spacing could
expedite disposition of the application.

The Branch has the fotlowing technical questions regarding the application:

(1} Comment on the variation between wells in the observed oil/water contact in the Scallion Member
and the effect on recovery in the area of application.

(2} There appears to be a discrepancy between the phi-h values in Figure 3 and the phi-h values in
Table 4. Tundra is to provide the following additional information with respect to OOIP
estimates; net pay cut-offs (log & core) and average net pay, porosity and permeability for the
Virden and Scallion Members in the area of application.

(3) Tundra’s estimate for incremental recovery from 8 ha spacing appears to be based on a theoretical
primary recovery of 35% OOIP. Compared to Chevron’s estimate of ultimate recovery on 16 ha
spacing in Routledge Unit No. 1 of 25.9%, Tundra estimate appears high. Please comment on
Tundra’s uitimate recovery estimate for 8 ha spacing.



(4) Are the lands in the NE/4 of Sec. 19-9-25 (WPM) and the SE/4 of Sec. 31-9-25 (WPM), where
Pan Canadian is listed as the mineral owner, under lease? If so, who is lessee? This information
should be provided to the Branch as quickly as possible.

[f you have any questions in respect of this deficiency letter please contact the undersigned at (204)
945-6574.

Yours truly,

John N. Fox, P.Eng.
Chief Petroleum Engineer
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o January 20, 1997 Memorandum

To  Michael Fine From  Bob Dubreuil
. Deputy Minister . Director
. Energy and Mines Petroleum & Energy Branch
Telephone

Subject . Application for Reduced 8 ha Spacing - Virden Field

Tundra Oil and Gas Ltd. has applied for reduced 8 ha spacing in Section 29-9-25 (WPM) in the
Virden Field (see attached figure). The company currently operates 5 wells on Section 29 and
proposes to drill as many as 12 additional wells if the application is approved.

The Crown is the surface owner in Section 29 and Natural Resources (DNR) is responsible for
administration of the lands. Section 29 has been identified as habitat for the rarc Western
Spiderwort plant which grows on sand dunes. In Jan/97 the W/2 of the section was designated a
WMA without direct consultation with our department. Of the 7 separate Crown oil and gas leases
coverng the section, only 2 contain the special condition:

First | Fold

“the lessee shall, prior to commencement of geophysical, drilling, production or other related
operations in the lease area, obtain the approval of the director of Petroleum Branch of a plan of
operations”

Tundra, in consultation with the Branch and DNR, carried out a flora and fauna site investigation
in September 1996. The site survey identified a number of different types of habitat in Section 29:

- sand dunes along the NW border and south central portion of the section
- aspen forest in the /2 and NW/4 of the section

- meadow and mixed grass prairie in the N/2 and SE/4 of the section

The NE/4 is in agricultural use for wild hay production with pasture along the NE margin of the
section. Other land uses include recreational activities; hunting and snowmobiling.

The survey identified no rare plant species (Western Spiderwort or Purple Pin-Cushion Cactus) on
the proposed infill dﬁlling locations. The survey indicated there will be some impacts on wildlife
including loss or isolation of habitat, displacement due to activity/noisc and potential increased
access for recreational uses. The survey identified a number of development conditions, listed
below, to mitigate any adverse impacts from infill drilling:

1) avoid drilling during migratory bird nesting season (late-April to mid-July) unless a survey
indicates the absence of nesting sites;

2) minimize the area of disturbance;
3) avoid development activities during wet ground conditions;

4) rehabilitation using specific prairie seed mixtures; and

s
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5) consider limiting drilling activity during hunting scason and in the winter (to avoid
disturbing/displacing deer from their wintering area).

In its review of the application, DNR indicated additional inventories and surveys - flora
inventory, spring breeding bird survey and winter white tailed deer survey are required to
adequately assess the impact of development.

We believe that the proposed measures will successfully mitigate the adverse effects of the
proposed development and that the additional surveys requested by DNR cannot be justified.
Tundra has intimated it is not prepared to conduct any further surveys in the area.

John Fox and I are meeting with DNR in Brandon on May 16, and we hope to iron out our
differences. However, if we are unable to come to some mutually acceptable solution, it might be

necessary for you to raise the issue with David Tomasson. I will keep you advised.

The project has the potential to generate over $10 million in resource revenue including $1.4
million in Crown royalties over the next 10 years,

E 2V,

Bob Dubreuil

cc: John N. Fox
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January 20, 1997

Bob Dubreuil John N. Fox
Director Chief Petroleum Engineer
Petroleum & Energy Branch Petroteum & Energy Branch

Application for Reduced 8 ha Spacing - Routledge Field

Tundra Qil and Gas Ltd. has applied for reduced 8 ha spacing in Section 29-9-25 (WPM} in the
Routledge Field.

Recommendation

It is recommended that notice of the application be published in the Virden Empire Advance and the
Southwestern Gazette and sent to royalty and working interest owners in and within 0.5 km of the area
of application and to Natural Resources, the surface owner in Section 29. It is also suggested that with
Natural Resources’ involvement, Environment and Agriculture do not need to be involved in a review
of the project.

Project Outline

Tundra has applied to reduce spacing in Section 29-9-25 (WPM) from 16 ha to 8 ha (see Fig. 1).
Tundra operates 4 producers and a disposal well on Section 29. The company proposes in three phases
to drill as many as 12 additional wells (see Fig. 1). Table 1 is a list of the proposed infill locations. It
should be noted that three of the planned wells are actually 16 ha locations; 3-29, 14-29 & 15-29. In
additional Tundra has indicated that the wells planned for Phase 3, with the exception of 3-29, may not
be “commercially viable”.

Table 1
Phase 1 - 3D-29, 11A-29, 14A-29, 15-29
Phase 2 - 2D-29, 7D-29, 10D-29

Phase 3 - 3-29, 6B-29, 11B-29, 11C-29, 14-29

The infill locations proposed in Phase 2, 2D-29, 7D-29 and 10D-29, are located on proposed 8 ha
spacing units that extend in Routledge Unit No. 1. In order to drill these wells, Tundra would have to
pool the lands or conversely the unit would have to be enlarged. Tundra has not discussed the
application with Chevron Canada Resources, the unit operator of Routledge Unit No. 1. Itis
recommended that Tundra be requested to initiate discussions with Chevron to determine their position
on the application.

Notice of the application will be published in the Virden Empire Advance and the Southwestern
Gazette and sent to the royalty and working interest owners in and within 0.5 km of the area of
application. A copy of the notice will be sent to Chevron, unit operator of Routledge Unit No. 1, as
representative for all owners in the unit. A copy of the notice will also be sent to Manitoba Natural
Resources (MNR) as the surface owner. MNR is aware of the project having consulted with Tundra
regarding the flora and fauna survey for rare and endangered species the company carried out last year.



In the past reduced spacing applications have been reviewed by the Departments of Rural
Development, Environment and Agriculture. In this case it is suggested that a review of the application
by MNR, who as part of their review process will involve Agricultural Crown Lands (NE/4 of Sec. 29
is under a renewable hay permit), will be adequate to ensure all environmental and land use concerns
are addressed.

A copy of the proposed notice is attached. Tt is recommended that the 8 ha spacing units that straddle
the Routledge Unit No. 1 boundary be included in the area of application and the notice include the
provision:

“Prior to drilling a well in a partial 8 ha spacing unit bordering Routledge Unit No. 1, all tracts of land
in the area highlighted must be included in a pooling agreement or order.”

This provision recognizes that the reduced spacing proposal by Tundra has merit and also eliminates
the situation where one operator is applying for reduced spacing on another operator’s lands.

Reservoir Characteristics and Production History

Wells in Section 29 produce from the Lower Virden and Scallion Members in the Virden Lodgepole C
Pool (see Fig. 2). The Lower Virden reservoir consists of a series of oolitic limestone beds separated
by tight stringers. The oolitic limestone beds range in thickness from 0.4 to 1.85 m in the wells
examined. The underlying Scallion Member contains the majority of oil-in-place in the project area.
The Scallion Member receives strong pressure support from a bottom water drive. A pressure survey at
6-29 in July/94 indicated the reservoir pressure has declined slightly from the original pressure of 6550
kPa (DST - Nov/84) to 6368 kPa. The estimated oil/water contact in the Scallion varies from -202.5 to
-206.8 m subsea and appears to be lithologically controlled.

This type of stratified reservoir is not an ideal horizontal drilling candidate.

Tundra estimates OOIP in Section 29 of 555.7 10°m>. Tundra has divided the OOIP as shown in Table
2.

Table 2
OOIP 0161 Recoverable Recoverable Rec.
Total per well Reserves Reserves Factor
per well

(10°m*) (10°m’) (10°'m™) (10°m™) (%)
Developed Lands
- Non-Unit 285.5 57.1 49.7 9.9 14.4
- Unit 147.0 36.8 6.0 1.5 4.1
Undeveloped Lands 123.2 41,1 s e e
Total Section 29* 555.7 46,3%* 55.7 6.2 10.0

* excluding Lsd’s 4-29, 5-29, 12-29 & 13-29 ** 0OIP per 16 ha



The Branch has examined logs and core analysis from three wells; 6-29, 7-29 & 10-29 and has
estimated more net pay than Tundra. Tundra’s Phi-h map (see Fig. 3) and tabular wellbore Phi-h
estimates do not agree. Tundra will be requested to provide additional information on their OOIP
estimate including net pay cut-offs and average net pay, porosity and permeability values for the
Virden and Scallion Members.

Development in Section 29 took lace at two different times. The wells in Routledge Unit No. 1 were
drilled between 1960-65 and produced until 1972. Cumulative production from these wells was 6016.5
m3 (see Table 2). In 1985 Saskoil extended the productive limits of the C Pool by drilling the 6-29
well. The 7-29 & 10-29 wells were drilled in 1986, 2-29 in 1989 and 11-29 in 1994, The four current
producing wells (2-29 has been converted to disposal) produce a total of 8.8 m® OPD at a 84% water-
cut. Cumulative production to 31-Oct-96 is 27,378 m3 or 9.6% OOIP. Production from these wells
has been characterized by a steadily increasing water-cut and corresponding decline in oil production.
The straight line observed on the log water-cut vs cumulative production plot (see Fig. 4) confirms
bottom water influx from the Scallion Member. Tundra estimates ultimate recoverable reserves of
49,707 m3 or 17.4% OOIP (see Table 2).

Infill Drilling Recovery Predictions

Tundra estimates infill drilling, which includes (3) 16 ha locations at 3-29, 14-29 & 15-29, will recover
an additional 126.6 10°m’, increasing recovery in Section 29 from 10% to 22.8% OOIP. The
incremental recoverable reserves associated with each phase of the proposed project is shown on Table
3.

Table 3
No. of Recoverable Recoverable Recovery Factor
Wells Reserves Reserves Sec. 29-9-25
per well Incremental Ultimate
(10°m’)  (10'm) (%) (%)
Developed Lands 9 55.7 62 - 10.0
Unit & Non-Unit
Phase 1 4 30.9 7.7 5.6 15.6
Phase 2 3 26.7 8.9 4.8 20.4
Phase 3 5 133 2.7 2.4 22.8
Total 21 126.6 6.0 12.8* 22.8

* Incremental recovery for 8 ha infill wells only - 9.7% OOIP

Tundra’s incremental recovery estimate appears based on the assumption that on 8 ha spacing, wells in
the pool are capable of recovering 35% of the OOIP. For Phases 1 & 2 Tundra has estimated an
average recovery of 33% for the infill wells on 8 ha spacing. No technical evidence is provided to
support of this theoretical primary recovery estimate. In Routledge Unit No. 1, the current recovery Is



21.8% OOIP and Chevron estimates an ultimate recovery of 25.9% QOIP, Typical incremental
recovery factors quoted for infill drilling in carbonate reservoirs are 2-9% OOIP. Tundra will be

requested in the Branch’s deficiency letter to provide technical support for their proposed 8 ha recovery
factor of 33% OOIP.

Environmental and Land Use Concerns

Section 29-9-25 (WPM) has been identified as habitat for the endangered Western Spiderwort plant.
Tundra, in consultation with the Branch and MNR carried out a flora and fauna site investigation in
September 1996. The site survey identified a number of different types of habitat in Section 29 (see
Fig. 5):

- sand dunes along the NW border and south central portion of the section
- aspen forest in the 5/2 and NW/4 of the section
- meadow and mixed grass prairie in the N/2 and SE/4 of the section

The NE/4 is in agricultural use for wild hay production with pasture along the NE margin of the
sectton. MNR indicated the W/2 of the section is to be designated a WMA. Other land uses include
recreational activities; hunting and snowmobiling,

The survey identified no rare plant species (Western Spiderwort or Purple Pin-Cushion Cactus) on the
proposed infill locations. Table 4 lists the habitat at each of the proposed infill locations.

Table 4
Infill Infill
Location Habitat Location Habitat
Phase | Phase 3
3D-29 wooded forest 3-29 cleared forest
I1A-29 well-drained meadow (hayed) 6B-29 wooded forest
14A-29 poorly drained meadow 11B-29 well-drained meadow margin
15-29 well-drained meadow (hayed) 11C-29 poorly drained meadow
14-29 poorly drained meadow
Phase 2
2D-29 well-drained meadow margin
7D-29 well-drained meadow (hayed)
10D-29 well-drained meadow (pasture)

The survey indicated there will be some impacts on wildlife including loss or isolation of habitat,
displacement due to activity/noise and potential increased access for recreational uses. These impacts
however are not a major concern. The survey identified a number of development conditions, listed
below, to mitigate any adverse impacts from infill drilling:



1)

2)
k)
4)

3)

avoid drilling during migratory bird nesting season, late-April to mid-July, unless a survey is
conducted for the presence of nesting sites;

minimizing the area of disturbance;
avoid development activities during wet ground conditions;
rehabilitation should be done using specific prairie seed mixtures; and

consider limiting drilling activity during hunting season and in the winter (to avoid
disturbing/displacing deer from their wintering area).



NOTICE UNDER
THE OIL AND GAS ACT

Application for Reduced 8 Hectare Spacing in the Routledge Field

Tundra Oil and Gas Ltd. has made application under Section 102 of The Oil and Gas Act to reduce the
size of spacing units from 16 hectares (40 acres) to 8 hectares (20 acres) in the portion of the Routledge
Field shown below (“area of application™). If the application is approved, Tundra Oil and Gas 1td.
plans to drill as many as 12 wells in the area of application. Prior to drilling a well in a partial 8 ha
spacing unit bordering Routledge Unit No. 1, all tracts of land in the area highlighted must be included
in a pooling agreement or order.

If you have any questions or require further information regarding the application, you may contact the
company or the Petroleum and Energy Branch at:

George Czyzewski, P.Eng. John Fox, P.Eng.

General Manager Chief Petroleum Engineer
Tundra Oil and Gas Ltd. Petroleum and Energy Branch
[111-One Lombard Place 1395 Ellice Avenue, Suite 360
Winnipeg MB R3B 0X4 Winnipeg MB R3G 3P2
Phone: (204) 934-5853 Phone: (204) 945-6574

Fax: (204) 945-0586
e-mail: jfox@em.gov.mb.ca

if no objections or interventions are received by the Petroleum and Energy Branch in writing by
February 28, 1997, the application may be approved.

Date L. R. Dubreuil
Director of Petroleurn
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January 20, 1997

Bob Dubreuil John N. Fox
Director Chief Petroleum Engineer
Petroleum & Energy Branch Petroleum & Energy Branch

Application for Reduced 8 ha Spacing - Routledge Field

Tundra Oil and Gas Ltd. has applied for reduced 8 ha spacing in Section 29-9-25 (WPM) in the
Routledge Field.

Recommendation

It is recommended that notice of the application be published in the Virden Empire Advance and the
Southwestern Gazette and sent to royalty and working interest owners in and within 0.5 km of the area
of application and to Natural Resources, the surface owner in Section 29. It is also suggested that with

Natural Resources’ involvement, Environment and Agriculture do not need to be involved in a review
of the project.

Project Outline

Tundra has applied to reduce spacing in Section 29.9.25 (WPM) from 16 ha to 8 ha (see Fig. 1).
Tundra operates 4 producers and a disposal well on Section 29. The company proposes in three phases
to drill as many as 12 additional wells (see Fig. 1). Table 1 is a list of the proposed infill locations. It
should be noted that three of the planned wells are actually 16 ha locations; 3-29, 14-29 & 15-26. In

additional Tundra has indicated that the wells planned for Phase 3, with the exception of 3-29, may not
be “commercially viable™.

[able 1
Phase 1 - 3D-29, 11A-29, 14A-29, 15-29
Phase 2 - 2D-29, 7D-29, 10D-29

Phase 3 - 3-29, 6B-29, 11B-29, 11C-29, 14-29

The infill locations proposed in Phase 2, 2D-29, 7D-29 and 10D-29, are located on proposed 8 ha
spacing units that extend in Routledge Unit No. 1. In order to drill these wells, Tundra would have to
pool the lands or conversely the unit would have to be enlarged. Tundra has not discussed the
application with Chevron Canada Resources, the unit operator of Routledge Unit No. 1. Itis

recommended that Tundra be requested to initiate discussions with Chevron to determine their position
on the application.

Notice of the application will be published in the Virden Empire Advance and the Southwestern
Gazette and sent to the royalty and working interest owners in and within 0.5 km of the area of
application. A copy of the notice will be sent to Chevron, unit operator of Routledge Unit No. 1, as
representative for all owners in the unit. A copy of the notice will also be sent to Manitoba Natural
Resources (MNR) as the surface owner. MNR is aware of the project having consulted with Tundra
regarding the flora and fauna survey for rare and endangered species the company carried out last year.



In the past reduced spacing applications have been reviewed by the Departments of Rural
Development, Environment and Agriculture. In this case it is suggested that a review of the application
by MNR, who as part of their review process will involve Agricultural Crown Lands (NE/4 of Sec. 29

* . is under a renewable hay permit), will be adequate to ensure all environmental and land use concerns

are addressed.

.~ A copy of the proposed notice is attached. It is recommended that the 8 ha spacing units that straddie

the Routledge Unit No. 1 boundary be included in the area of application and the notice include the
provision:

“Prior to drilling a well in a partial 8 ha spacing unit bordering Routledge Unit No. 1, all tracts of land
in the area highlighted must be included in a pooling agreement or order.”

This provision recognizes that the reduced spacing proposal by Tundra has merit and also eliminates
the situation where one operator is applying for reduced spacing on another operator’s lands.

Reservoir Characteristics and Production History

Wells in Section 29 produce from the Lower Virden and Scallion Members in the Virden Lodgepole C
Pool (see Fig. 2). The Lower Virden reservoir consists of a series of oolitic limestone beds separated
by tight stringers. The oolitic limestone beds range in thickness from 0.4 to 1.85 m in the wells
examined. The underlying Scallion Member contains the majority of oil-in-place in the project area.
The Scallion Member receives strong pressure support from a bottom water drive. A pressure survey at
6-29 in July/94 indicated the reservoir pressure has declined slightly from the original pressure of 6550
kPa (DST - Nov/84) to 6368 kPa. The estimated oil/water contact in the Scallion varies from -202.5 to
-206.8 m subsea and appears to be lithologically controlled.

This type of stratified reservoir is not an idea! horizontal drilling candidate.

Tundra estimates OOIP in Section 29 of 555.7 10°m°. Tundra has divided the OOIP as shown in Table
2.

[able 2
Q0IP OOIP Recoverable Recoverable Rec.
Total per well Reserves Reserves Factor
per well

(10°'m®) (10°m’) (10°m’) (10°m%) (%)
Developed Lands
- Non-Unit 285.5 57.1 49.7 9.9 14.4
- Unit 147.0 36.8 6.0 1.5 4.1
Undeveloped Lands 123.2 41.1 e s e
Total Section 29* 555.7 46.3%* 55.7 6.2 10.0

* excluding Lsd’s 4-29, 5-29, 12-29 & 13-29 ** OOIP per 16 ha



The Branch has examined logs and core analysis from three wells; 6-29, 7-29 & 10-29 and has
estimated more net pay than Tundra. Tundra’s Phi-h map (see Fig. 3) and tabular wellbore Phi-h
estimates do not agree. Tundra will be requested to provide additional information on their QOIP

estimate including net pay cut-offs and average net pay, porosity and permeability values for the
Virden and Scallion Members.

Development in Section 29 took lace at two different times. The wells in Routledge Unit No. 1 were
drilled between 1960-65 and produced until 1972. Cumulative production from these wells was 6016.5
m3 (see Table 2). In 1985 Saskoil extended the productive limits of the C Pool by drilling the 6-29
well. The 7-29 & 10-29 wells were drilled in 1986, 2-29 in 1989 and 11-29 in 1994, The four current
producing wells (2-29 has been converted to disposal) produce a total of 8.8 m’ OPD at a 84% water-
cut. Cumulative production to 31-Oct-96 is 27,378 m3 or 9.6% OOIP. Production from these wells
has been characterized by a steadily increasing water-cut and corresponding decline in oil production.
The straight line observed on the log water-cut vs cumulative production plot (see Fig. 4) confirms
bottom water influx from the Scallion Member. Tundra estimates ultimate recoverable reserves of
49,707 m3 or 17.4% OOIP (see Table 2).

Infill Drilling Recovery Predictions

Tundra estimates infill drilling, which includes (3) 16 ha locations at 3-29, 14-29 & 15-29, will recover
an additional 126.6 10°m”, increasing recovery in Section 29 from 10% to 22.8% OOIP. The

incremental recoverable reserves associated with each phase of the proposed project is shown on Table
3.

Table
No. of Recoverable Recoverable Recovery Factor
Wells Reserves Reserves Sec. 29-9-25
per well Incremental Ultimate
(10°m’)  (0°m) (%) (%)
Developed Lands 9 557 62 10.0
Unit & Non-Unit
Phase 1 4 309 1.7 5.6 15.6
Phase 2 3 26.7 89 4.8 204
Phase 3 5 13.3 2.7 24 228
Total 21 126.6 6.0 12.8* 22.8

* Incremental recovery for 8 ha infill wells only - 9.7% OOIP

Tundra’s incremental recovery estimate appears based on the assumption that on 8 ha spacing, wells in
the pool are capable of recovering 35% of the OOIP. For Phases 1 & 2 Tundra has estimated an
average recovery of 33% for the infill wells on 8 ha spacing. No technical evidence is provided to
support of this theoretical primary recovery estimate. In Routledge Unit No. I, the current recovery is



21.8% OOIP and Chevron estimates an ultimate recovery of 25.9% OOIP. Typical incremental
recovery factors quoted for infill drilling in carbonate reservoirs are 2-9% QOIP. Tundra will be

requested in the Branch’s deficiency letter to provide technical support for their proposed 8 ha recovery
factor of 33% OOIP.

Environmental and Land Use Concerns

Section 29-9-25 (WPM) has been identified as habitat for the endangered Western Spiderwort plant.
Y. Tundra, in consultation with the Branch and MNR carried out a flora and fauna site investigation in
“ .7 September 1996. The site survey identified a number of different types of habitat in Section 29 (see
- *  Fig. 5)
. DRt - sand dunes along the NW border and south central portion of the section
. y - aspen forest in the S/2 and NW/4 of the section
oW - meadow and mixed grass prairie in the N/2 and SE/4 of the section
BN
\;\)\ . The NE/4 is in agricultural use for wild hay production with pasture along the NE margin of the
.~ 3« section. MNR indicated the W/2 of the section is to be designated a WMA. Other land uses include
L ' recreational activities; hunting and snowmobiling.

3 N
: W

v
The survey identified no rare plant species (Western Spiderwort or Purple Pin-Cushion Cactus) on the
proposed infill locations. Table 4 lists the habitat at each of the proposed infill locations.

Table 4
[nfill Infill
Location Habitat Location Habitat
Phase | Phase 3
3D-29 wooded forest 3-29 cleared forest
11A-29 well-drained meadow (hayed) 6B-29 wooded forest
14A-29 poorly drained meadow 11B-29 well-drained meadow margin
15-29 well-drained meadow (hayed) 11C-29 poorly drained meadow
14-29 poorly drained meadow
Phase 2
2D-29 well-drained meadow margin
7D-29 well-drained meadow (hayed)
10D-29 well-drained meadow (pasture)

The survey indicated there will be some impacts on wildlife including loss or isolation of habitat,
displacement due to activity/noise and potential increased access for recreational uses. These impacts
however are not a major concern. The survey identified a number of development conditions, listed
below, to mitigate any adverse impacts from infill drilling:



1

2)
3)
4)

5)

avoid drilling during migratory bird nesting season, late-April to mid-July, unless a survey is
conducted for the presence of nesting sites;

minimizing the area of disturbance;
avoid development activities during wet ground conditions;
rehabilitation should be done using specific prairie seed mixtures; and

consider limiting drifling activity during hunting season and in the winter (to avoid
disturbing/displacing deer from their wintering area).



NOTICE UNDER
THE OIL AND GAS ACT

Application for Reduced 8 Hectare Spacing in the Routledge Field

Tundra Qil and Gas Ltd. has made application under Section 102 of The Oil and Gas Act to reduce the
size of spacing units from 16 hectares (40 acres) to 8 hectares (20 acres) in the portion of the Routledge
Field shown below (““area of application™). If the application is approved, Tundra Oil and Gas Ltd.
plans to drill as many as 12 wells in the area of application. Prior to drilling a well in a partial 8 ha

spacing unit bordering Routledge Unit No. 1, all tracts of land in the area highlighted must be included
in a pooling agreement or order.

=Y TorLowruy  Paye
foR Fiauvke

If you have any questions or require further information regarding the application, you may contact the
company or the Petroleum and Energy Branch at:

George Czyzewski, P.Eng. John Fox, P.Eng.

General Manager Chief Petroleum Engineer
Tundra Oil and Gas Ltd. Petroleum and Energy Branch
1111-One Lombard Place 1395 Ellice Avenue, Suite 360
Winnipeg MB R3B 0X4 Winnipeg MB R3G 3P2
Phone: (204) 934-5853 Phone: (204) 945-6574

Fax: (204) 945-0586
e-mail: jfox@em.gov.mb.ca

If no objections or interventions are received by the Petroleum and Energy Branch in writing by
February 28, 1997, the application may be approved.

Date L. R. Dubreuil
Director of Petroleum
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FIGURE NO. 3
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TUNDRA OIL AND GAS LTD. !

WEST ROUTLEDGE

PHIFH at 5.0 Intervals
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ROUTLEDGE FIELD
SECTION 29-2-25

20 ACRE INFILL DRILLING PROPOSAL

- -—- LEASE ROAD OR TRAIL
PROPOSED 20 ACRE INFILL WELLS

PRCPOSED 4CACRE WELL
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Tundra Oil & Gas Ltd. Page* 7T+

Table 1. Vegetation community types occurring at the proposed infill drilling sites. See
Figure 1 for site locations and Table 2 for the species which characterize each

community type.

Community Type Drilling Sites
/ o
well-drained meadow margin AL IIF 2p-27, uwd-29
. /
well-drained meadow (hayed) A,IC,IB  13-29 yA-29,70 23
well-drained meadow (pasture) lc toh- 29 7
poorly drained meadow IB,IG,IIH  j4A-29 11c-29, 429
/ /
wooded forest IDIID  32D-29, 6%-29
cleared forest lE  2-29 °
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Manitoba <

Energy and Mines Petroleum 1395 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2
CANADA

PH: (204) 945-6577
Fax: (204) 945-0586

August 21, 1996

Mr. George Czyzewski, P.Eng.
Senior Regervoir Engineer
Tundra 0il and Gas Ltd.
1111-One Lombard Place
Winnipeg, MB R3B 0X4

Dear George:
Re: Reduced Spacing in the Routledge Field

I have provided the Department of Natural Resources (DNR)
with a copy of the information Tundra submitted regarding
infill drilling in Section 29-9-25.

I have talked with Larry Bidlake, Regional Wildlife Manager
with the DNR regarding requirements for a flcra and fauna
survey in the area proposed for infill drilling. He
confirmed the area 1is potential habitat for the endangered
western spiderwort plant. He suggested the consultant hired
by Tundra contact Janet Moore, Prairie Specialist with the
DNR at {(204) 945-2395 for information on the western
spiderwort plant, which can be found in a mixed
grassland/woodland habitat, and guidelines for the survey.
Two cther contacts with the DNR who are willing to meet at
the site are Tom Moran, Regioconal Wildlife Technician (204)
534-6838, and Rick Cline, Natural Rescurces Officer (2049
748-2043.

If you have any question please contact the undersigned at
945-6574.

Yours truly,

o

John N. Fox,uﬁ. ng.
Chief Petroleum Engineer

cc. Larry Bidlake, DNR - Brandon



Manitoba Q?)'

Energy and Mines Petroleum 1395 Ellice Avenue Suite 360
i Winnipeg MB R3G 3P2
CANADA

PH: {204) 945-6577
Fax: (204) 945-0586

July 22, 1996

Mr. George Czyzewski, P.Eng.
Senior Reservoir Engineer
Tundra 0il and Gas Ltd.
1111-One Lombard Place
Winnipeg, MB R3B 0X4

Dear Gecrge:

Re: Reduced Spacing in the Routledge Field

A review of the information Tundra filed with the Branch in
Feb/95 indicates the proposed infill drilling area is a mix
of agricultural land and natural areas with native tree and
bush cover. A land sgale review of Lsd’s 3,4 & 5 in Section
29-9-25 by Natural Resources indicated the area is habitat
for the endangered western spiderwort plant and wintering
habitat for white-tailed deer. Our letter dated February
10, 1995 ocutlines the anticipated conditions for infill
drilling in Section 29. Prior to drilling a survey for rare
and endangered flora and fauna would be required. The
following is a list of local consultants with environmental
asgegsment experience:

Underwood Mclellan & Associates - Ron Fromson 284-0580
Symbion Consultants - Wayne Wysocki 982-2940

Cochrane Envircnmental Consultants 453-3103

Acres International Ltd. 786-8751

Testres Consgultants Inc. 942-2505

It would be advisable to have a meeting between Tundra, the
Branch and Natural Resources to establish the survey
requirements prior to commencing the site survey.

For your information I have also included siting criteria
for infill drilling in Virden Roselea Unit No. 1, some of
which would be applicable in Routledge and exerpts from
Chevron’'s EIA for infill driliing in Daly Unit No. 3.



If you have any question please contact the undersigned at
945-6574.

Yours truly,

John N. Fox, P.Eng.
Chief Petroleum Engineer



Attachment 1

INFILL WELL SITING CRITERIA
VIRDEM  RoSulca st Moy

WATER-COVERED AREAS

Where there is potential for contaminants to enter water-
covered areas, the wellsite should be

(1) where possible, moved above the high water level, and
{2) diked to prevent runcff of drilling or produced fluids.
NATURAL AREAS

In natural areas with native tree or shrub cover, to avoid
significant habitat loss ‘and habitat fragmentation, site
disturbance is to be minimized.

SPECIAL, AREAS

River valleys and other special areas, because of their
unigque microclimates, have greater potential for the
occurrence of rare or endangered plant species. In special
areas, a survey for rare and endangered plant specieg will
be required and the site relocated if such species are
found.

AREAS SUBJECT TO EROSION

Where there is potential for erosion at a wellsite, the
wellsite should be

(1) revegetated,
(2) diked to divert runoff water around the wellsite, and

{3) where necessary to prevent erosion by diverted runoff
water, flow control structures installed.

CULTIVATED LAND

In order to minimize the loss of cultivated land and
inconvenience to farming operations, the wellsite should be;

(1) where possible, located along the edge of cultivated
fields, and

(2) where the wellsite cannot be located in accordance with
(1), it should be located a minimum of 60 m from the
edge of a field or such other distance ag may be
required to minimize inconvenience to farming
operations. :
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Oct 126= 0.5 153.9 9452 2192.7 2
Nov 1963 132.7 =509.9 1077.9 2782.6 2
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January 3, 1997

Manitoba Energy and Mines
Petroleum Branch

1395 Ellice Avenue, Suite 360
Winnipeg, Manitoba

R3G 0G3

Attention: Mr. J. Fox, P.Eng.
Chief Petroleum Engineer

Dear John,

RE: Routledge Field - Lodgepole C Pool - Section 29-9-25 WI1M
Reduced Spacing Application (8 hectare)

Please find attached 2 copies o©f the referenced
application for your review and approval. Two copies of the
Routledge Environmental Impact Assessment study are also
attached.

Should you have any questions during the review process,
please contact me at (204) 934-5853.

Yours truly,

TUNDRA OIL AND GAS LTD. 4

-+

e — ,/’ '
L N
A ~ *rwxm%f_.
- : 35

George Czyzewski, P.Eng.
General Manager

1111 - One Lombard Place, Winnipeg, Manitoba R3B 0X4 Telephone: (204} 934-5850 Fax: {204} 934-5820
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January 3, 1997

Manitoba Energy and Mines
Petroleum Branch

1395 Ellice Avenue, Suite 360
Winnipeg, Manitoba

R3G 0G3

Attention: Mr. J. Fox, P.Eng.
Chief Petroleum Engineer
Dear John,

RE: Routledge Field - Lodgepole C Pool - Section 29-9-25 WI1M
Reduced Spacing Application

INTRODUCTION

Tundra 0il and Gas Ltd., as Operator of the referenced
pool, pursuant to Section 20(3) of the Manitoba Petrocleum

Drilling and Production Regulations, hereby requests
approval for reduced drilling spacing units of 20 acres (8.1
hectares) in the Routledge Field - Lodgepole C Pool in

Section 29-9-25 W1M. The current approved well spacing is
for 40 acres (16.19 hectares).

The reduced drilling spacing program offers the
possibility of improving oil recovery from the Lodgepole C
Pool, while at the same time is respecting existing land
owner and environmental considerations.

CONCLUSIONS

1. 0il recovery from the Routledge Lodgepole € Pool
(Scallion formation) 1is impacted by water influx either
through natural fractures and/or water coning.

2. Infill drilling, as an enhanced recovery program, offers
an opportunity to improve oil recovery from the Lodgepole C
Pool.

3. Since the o©il reservoir consists of thin layers and 1is
stratified, horizontal drilling would not be the best method
to exploit the remaining recoverable reserves.

4, Current ultimate recovery in the non-unit lands 1is
estimated at 7% of the original oil-in-place (OOIP).
Ultimate oil recovery with the existing spacing from the
non-unit lands 1is estimated at 12% of the OCIP. Infill

1111 - Cne Lombard Place, Winnipeg, Manitoba R3B 0X4 Telephone: {204) 934-5850 Fax: (204) 934-5820
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drilling on 20 acre spacing will increase wultimate oil
recovery from this pool by an additional 10% of the OOIP.
Total ultimate recovery with the existing and proposed
infill wells is estimated at 22% of the OOIP.

5. Incremental oil reserves of up to 65,000 m3 (405 M STB)
are estimated by drilling up to 8 infill wells. Initially 4
infill wells will be drilled to test the commercial
viability of the program.

6. An environmental impact assessment study completed in
1996 jointly by UMA Engineering Ltd. and Agassiz North
Agsociates Limited concluded that the proposed infill
drilling program will not adversely impact the indigeneous
flora and fauna in Section 29-9-25 W1M.

DISCUSSION

The following sections outline the supporting
documentation pertaining to Tundra's application for reduced
drilling spacing units in S8ection 29-9-25 W1M of the
Routledge Field.

1. Land

Figure No.l1 outlines Tundra's Routledge Field lands.
Figure No.2 outlines the reduced spacing application area in
Section 29-9-25 W1M. Appendix J outlines the mineral and
surface owners in Section 29-9-25 and within a 16 hectare
perimeter of the proposed reduced spacing area. Table No.1l
outlines Tundra's existing wells in the proposed reduced
spacing area.

2. Geology

The productive zone in the Routledge Field is the
Scallion member of the Lodgepole formation (Mississippian
strata). The Scallion formation is characterized by complex
reservoir facies changes from fine-grained limestones to
coarse fossil fragmental limestones, red and grey calcareous
shales, and local black shale. The hydrocarbon trapping
mechanism within the field appears to be Dbasically
stratigraphic in nature. Structural entrapment may be
important 1locally, but the lack of regicnal structural
closure indicates that the trap is caused primarily by
stratigraphically controlled wvariations in porosity and
permeability. On a regional basis, entrapment occurs where
the permeable reservoir beds have been truncated at the
Mississippian erosion surface. The degree of dolomitization
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and/or leaching o©of the reservoir beds below the
Mississippian erosional surface determines the degree of oil
storage. 0il storage in the up-dip portion of the reservoir
is controlled primarily by the degree of dolomitization. As
dolomitization increases, there is a corresponding decrease
in the permeability of the reservoir beds near the subcrop
edge.

The following geological data of the Lodgepole C Pool is
included in the reduced spacing application:

Figure No.3: Pore Volume Map Scallion Formation
Figure No.4: Structure Map of Scallion Formation
Appendix F : Core Reports

Appendix H : Open-Hole Logs

* % % X

3. Reserves

Volumetric oil-in-place estimates have been prepared
for both developed and undeveloped lands. Total oil-in-place
of 1.8 MM STB (285,460 m3) is estimated in the developed
producing lands (refer to Table No.2). Total oil-in-place in
the producing and undeveloped lands (excluding Routledge
Unit No.l lands) is estimated at 2.6 MM STB (408,720 m3).
Table No.3 outlines the individual well oil-in-place
estimates for the producing and undeveloped lands (excluding
Routledge Unit No.1). Total oil-in-place of 3.5 MM STB is
estimated in Section 29 with the inclusion of Routledge Unit
No.l lands (refer to Table No.4).

4. Production History

Production commenced from the Tundra operated portion
of the Routledge Field in December, 1985 from well 6-29-9-25
WiM. There are currently 4 producing wells in the Lodgepole
C Pool lands operated by Tundra. The total field oil
production during October, 1996 was 8.8 m3/day at a watercut
of 84%. Cumulative field o0il production at 96.10.31 was
27,276 mwm3. Figure No.5 outlines the total historical
production of the Tundra operated wells in Section 29-9-25.
Appendices A and B outline the total field and individual
well production histories, respectively. Appendix C outlines
the individual well production plots.

5. Recovery Profiles

Current oil recovery to 96.10.31 on the producing lands
(Section 29-9-25) is estimated at 10% of the OOIP (original
oil-in-place). Ultimate o0il recovery from the producing
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lands on 40 acre spacing is estimated at 17% of OOIP or
49,705 m3 (63 M STB/well). Table No.2 outlines the
individual well recovery profiles on the proved developed
producing lands.

0il recovery profiles were also investigated on both
the producing and undeveloped lands in Section 29-$-25 W1M
(excludes Routledge Unit No.l1 lands). Using this approach
current oil recovery to 96.10.31 is estimated at 7 ¥ of the
OOIP. Ultimate o0il recovery from the producing and
undeveloped lands in Section 29 is estimated at 12% of the
Q0IP. Table No.3 outlines the field recovery profiles for
the producing and undeveloped lands scenario.

Finally, if the total area is considered in Section 29
{includes Routledge Unit No.1l lands), current recovery is
estimated at 6% of the OOIP. Ultimate o0il recovery in this
case is estimated at 10% of the OOIP (refer to Table No.4}.

Ultimate o0il recovery was estimated by two methods. The
traditional plot of o0il rate vs cumulative oil production
was used as an initial estimate. This approach was further
refined by using a plot of oil-cut wvs cumulative oil
production. Figures No.6 and No.7 illustrate the oil rate vs
cum. o0il and oil-cut vs cum. o0il methods, respectively.
Appendices D and E outline the individual well ultimate
recovery predictions using oil rate vs cum. o0il and oil-cut
vs cum. o0il, respectively.

An estimate was also made of the current and ultimate
drainage areas with the existing wells on 16 hectare
spacing. This information was used to optimize the selection
of the infill locations. Figures No. 8 and No.9 outline the
current and ultimate drainage areas, respectively. Tables
No.5 and No.6 outline the methodology that was used to
estimate the current and ultimate drainage areas,
respectively.

6. Pressure Surveys

A pressure buildup test was completed at the pool
discovery well 6-29-9-25 in July, 1994 to assess current
reservoir pressure conditions. The 6-29 well built up to
original reservoir pressure of 6,400 kPag after 1 week of
shut-in time. This indicates that the Scallion reservoir has
good acquifer pressure support. On this basis, the Scallion
reservoir will be able to handle a higher well density in
Section 29 without further pressure support to facilitate
incremental oil recovery with infill drilling. Appendix G

outlines the pressure survey data and analysis for the 6-29-
9-25 well.
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7. Development Program

The infill well development program has been divided
into three phases (refer to Figure No.1l0). Phase 1 is
designed to test the commercial feasibility of infill
drilling the Scallion formation on 8 hectare spacing. A
total of 4 infill Ilocations will be tested in Phase 1.
Pending a successful outcome from Phase 1, three additional
infill wells have been proposed for Phase 2. A final round
of drilling has been proposed, which will constitute Phase
3. Phase 3 has potentially up to S5 infill 1locations,
however, only 1 location (3-29) has sufficient reserves to
pursue drilling at this time. Although there up to 12 infill
locations identified on 8 hectare spacing, only 8 infill
wells have been assessed as commercially wviable at this
time. Table No.7 outlines the incremental oil recovery
predicted for each of the 8 hectare infill locations.

8. Environmental Impact Agsessment Study

Tundra Oil and Gas Ltd. was requested by both the
Manitoba Petroleum Branch and the Department of Natural
Resources to complete an environmental impact assessment of
the proposed infill program on the indigeneous flora and
fauna in Section 29-9-25 WI1M. Specifically, the impact
assessment study was focused on the Western Spiderwort
plant, which is a rare prairie grass. Some focus was also
placed on identifying any critical wildlife habitat in the
area of proposed infill drilling. UMA Engineering Ltd., in
association with Agassiz North Associates Limited were
selected as the environmental consultants to complete the
study.

The environmental consultants concluded after their site
survey that no protected plant or wildlife species will be
affected by the proposed infill drilling program. The only
drilling constraint that was identified pertained to nesting
migratory birds. The period from late May to mid-July would
require pre-drilling nesting bird surveys prior to
commencement of drilling. Otherwise, the period from mid-
July to April was not impeded by any environmental
constraints. The standard reclamation practices after well
site abandonment will apply after economic operations cease
from a specfic well location. A copy of the Section 29-9-25
W1M Flora and Fauna Study is attached for further review.
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SUMMARY

The Section 29-9-25 W1M reduced spacing application offers
an attractive opportunity to significantly improve oil
recovery by infill drilling on 8 hectare spacing. The infill
drilling program is sensitive to the prevailing
environmental conditions, and will not adversely impact the
indigeneous flora and fauna. Tundra envisions commencing
drilling the initjial 4 infill locations during the 3rd
quarter of 1997. In order to facilitate a timely approval of
the current application, Tundra is prepared to further
assist your staff and office in any further information
requirements. Should you or your staff have questions during
the review and approval process, please call the undersigned
at {(204) 934-5853.

Respectfully Submitted,

TUNDRA OIL AND GAS LTD.

( K (r— 3
"’*# s B ,"‘)}Q_,J&_’M’
SR

George Czyzewski, P.Eng.
General Manager
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ROUDRAIN, XLS

TABLE NO.6

| _ ] ! _

ROUTLEDGE FIELD

i ] | | |

SECTION 29-9-26

| _ _ _ _

DRAINAGE AREAS BASED ON PREDICTED ULTIMATE RECOVERY

Well CONSTANT AREA PHI-h Sw 1-Sw Boi QOIP Thearstical Ultimats Actual DRAINAGE DRAINAGE
Rec. Factor Recovery Utt. Rec. Factor AREA AREA
tha} (%-m) {fraction} {fraction) {Rm3/m3]} {m3} (%} {m3) (%) {hal {acres}
2-29-9-2% 10,000 16.19 0.56 0.30 0.70 1.08 59,872 35 2,256 4 1.74 4.31
6-29-9-25 10,000 16.19 0.52 0.30 0.70 1.06 55,696 3b 17,480 3 14.55 35.95
7-29-9-26 10,000 16.18 0.63 0.30 0.70 1.08 58,865 35 10,316 18 8.42 20.80
10-29-9-25 10,000 16.19 0.58 0.30 0.70 1.08 62,011 k13 11,550 19 8.62 21.29
11-29-9-25 10,000 16.19 0.48 0.30 0,70 1.08 51,319 36 8,150 16 7.36 18.16
TOTAL 285,463 49,761 17

L4
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ROUTLEDGE FIELD PRODUCTION HISTORY



Production Report

Group ROUTLEDGE Date December 18, 1996 3:56:45 pm
Well ROUTLEDGEWELL User GEORGE
000000001

Hist.Data 01/85-10/96 On Prod 02/09

Qperator Status Unknown

Field Zone

B Production Data from January, 1985 to October, 1996
Year Monthly Oil Cum Oil  AvgDaily Oil Water Cut Monthly Water Cum Water

m3 m3 m3/d m3 m3

Jan., 1985

Feb., 1985

Mar., 1985

Apr., 1985

May., 1985

Jun., 1985

Jul, 1685

Aug., 1985

Sep., 1985

Oct., 1985

Nov., 1985

Dec., 1985 62.1 62.1 5.175 20.0702 15.6 15.6

Jan., 1986 105.4 167.5 34 219184 29.6 452

Feb., 1986 165.2 3327 59 247298 543 99.5

Mar., 1986 148.9 481.6 16.3927 46.7153 130.6 230.1

Apr., 1986

May., 1986

Jun., 1986

Jul, 1986 229 504.5 4.58 40.0418 153 2454

Aug., 1986 160.3 664.8 5.22008 42.4309 118.2 363.6

Sep., 1986 2307 895.5 7.90971 50.7782 238.1 601.7

Oct., 1986 241.1 1136.6 7.83004 549658 294.4 896.1

Nov., 1986 280.3 1416.9 9.63782 54.874 341 1237.1

Dec., 1986 304 1720.9 9.80645 553029 3763 1613 .4

Jan., 1987 283.6 2004.5 9.14839 58.5576 400.9 20143

Feb., 1987 247 22515 8.98182 59.2572 359.4 23737

Mar., 1987 194.1 24456 8.54752 61.0058 3038 26775

Apr., 1987 109.4 2555 5.02027 61.911 177.9 28554

May., 1987 260.9 2815.9 8.41613 62.4123 433 .4 32888

Jun., 1987 242.6 30585 8.08667 63.2878 418.4 37072

Jul.,, 1987 240.2 32987 7.74R839 64.8473 4433 4150.5

Aug., 1987 2476 3546.3 831105 66.3671 488.8 46393

Sep., 1987 302.8 3849.1 10.0933 68.406 655.9 52952

Oct., 1987 3254 4174.5 10.4968 70.5082 7783 6073.5

Nov., 1987 137.7 4312.2 6.14275 73.357 3793 06452 .8

Dec., 1937 276.2 4588.4 8.90968 74.3725 801.9 72547

Jan., 1988 282.8 4871.2 9.12258 73.3849 780.1 80348

Page: 1 of 4



Production Report

Group ROUTLEDGE Date December 18, 1996 3:56:47 pm
Weli ROUTLEDGEWELL User GEORGE
000000001
Production Data from January, 1985 to October, 1996 (cont.)
Year Monthly Oil Cum Oil  AvgDaily Oil Water Cut Monthly Water  Cum Water
m3 m3 m3/d % m3 m3

Feb., 1988 2997 5170.9 10.3345 73.6535 8382 88713
Mar., 1988 3345 5505.4 10.7903 74.2311 364 9837

© Apr, 1988 3047 5810.1 10.1567 75.0756 918.2 107552
May., 1988 286.5 6096.6 9.52355 76.4544 930.7 116859
Jun., 1988 296.6 6393.2 9.88667 76.3076 9557 12641.6
Jul, 1988 303.7 6696.9 9.79677 76.8001 1005.8 136474
Aug., 1988 2933 6990.2 9.46129 774151 1005.8 146532
Sep., 1988 280.5 72707 9.35 71.9319 99t 156442
Oct., 1988 280.1 7550.8 9.03548 78.2894 1010.5 166547
Nov., 1988 2675 78183 8.91667 78.6932 988.4 17643.1
Dec., 1988 265.5 8083.8 8.56452 79.4321 1025.8 18668.9
Jan., 1989 258.8 83426 8.34839 79.782 10217 196906
Feb., 1989 213.5 8556.1 7.625 813974 934.6 206252
Mar., 1989 250.799 8806.9 9.6307 794372 969.3 215945
Apr., 1989 1289 8935.8 5.19934 55.9356 163.699 217582
May., 1989 3342 9270 10.7806 76.4237 1083.8 22842
Jun., 1989 2913 9561.3 10.1175 784579 1061.4 239034
Jul, 1989 3114 98727 10.0452 77.74 1088 249914
Aug., 1989 2958 10168.5 9.54192 78.5981 1086.8 260782
Sep., 1989 286.401 104545 9.54669 78.8608 1068.9 271471
Oct., 1989 2922 107471 9.42581 79.0914 1105.8 282529
Nov., 1989 265.8 11012.9 8.86001 79.8245 1052.1 29305
Dec., 1989 276.9 11289.8 8.93224 79.8708 1099.2 304042
Jan., 1990 264.299 11554.1 8.52578 80.3059 10678.2 314824
Feb., 1990 2398 11793.9 8.56427 80.1634 969.501 324519
Mar., 1990 166 119599 8.30002 80.7802 698 331499
Apr., 1990
May., 1990  228.399 121883 845924 80.5117 943.999 340939
Jun., 1990 2397 12428 7.99 81.0476 1025.5 351194
Jul., 1990 244 499 12672.5 7.92971 81.216 1057.6 36177
Aug., 1990 2316 12904.1 7.82874 80.8353 977.3 371543
Sep., 1990 2276 13131.7 7.58666 81.8073 10239 381782
Oct., 1990 2332 133649 7.58373 81.5499 10312 392094
Nov., 1990 222.601 13587 5 7.42002 81.8516 1004 4 402138
Dec., 1990 226.901 13814 .4 7.31938 81.8878 10263 41240k
Jan., 1991 221.6 14036 7.14838 82.0531 1013.6 422531
Feb., 1991 191.8 14227 8 6.84999 82.4793 903.299 43157
Mar., 1991 182.799 14410.6 6.77034 82.3625 854 44011
Apr., 1991
May., 1991 202.399 14613 7.28273 81.8946 915901 449269
Jun., 1991 202.1 148151 6.85084 824151 947 6 458745
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Production Report

Group ROUTLEDGE Date December 18, 1996 3:56:48 pm
Well ROUTLEDGEWELL User GEORGE
000000001
Production Data from January, 1985 to October, 1996 (cont.)
Year Monthly Oil Cum Oil  Avg Daily Oil Water Cut  Monthly Water Cum Water
. m3 m3 m3/d % m3 m3
Jul, 1991 187.199 15002.3 6.31009 82.9896 913.7 46788.2
Aug., 1991 190.001 151923 6.40451 82.8286 916.9 47705.1
" Sep., 1991 193.299 15385.6 6.44331 82.7595 9283 48633.4
Oct.,, 1991 193.599 15579.2 6.24514 83.9782 1015.2 49648.6
Nov., 1991 188 15767.2 6.30169 83.1751 929.8 50578.4
Dec., 1991 193 15960.2 6.22582 83.1143 950.4 51528.8
Jan., 1992 189 16149.2 6.12972 83.4368 952.5 524813
Feb., 1992 177.6 16326.8 6.12415 83.3084 886.8 53368.1
Mar., 1992 138.199 16465 5.91227 82.4645 650.2 540183
Apr., 1992 127.6 16592.6 5.12964 83.1467 629.8 54648.1
May., 1992 204.7 167973 6.63894 84.3407 1103 55751.1
Jun., 1992 196.4 16993.7 6.61095 84.4734 1069 56820.1
Jul,, 1992 199.799 17193.5 6.44514 84.5215 1091.5 57911.6
Aug., 1992 196.3 173898 6.38372 847276 1089.5 59001.1
Sep., 1992 172.601 17562 .4 6.01221 85.8064 1043.9 60045
Oct,, 1992 182.101 177445 587422 84.9534 1028.6 61073.6
Nov., 1992 170.7 179152 572978 84.6821 944.] 62017.7
Dec., 1992 173.3 18088.5 5.59031 84.6797 958.3 62976
Jan., 1993 164.1 18252.6 5.29355 84.8783 921.5 63897.5
Feb., 1993 1448 18397.4 517142 84.9596 83183 647158
Mar., 1993 137.5 18534.9 4.6676 86.2173 860.501 65576.3
Apr., 1993 151.201 18686.1 5.04602 84.6642 835.101 66411.4
May., 1993 141.699 18827 8 4.57095 85.2694 820.6 67232
Jun., 15993 132.2 18960 4.40667 85.3333 769.5 68001.5
Jul., 1993 135.4 15095 .4 4.47603 85.0231 769 68770.5
Aug., 1993 120.8 19216.2 3.92844 85.8842 7353 695058
Sep., 1993 118.7 193349 4.05812 84.7958 662.299 70168.1
Oct., 1993 136.001 19470.9 438711 81.7236 608.4 70776.5
Nov., 1993 853 19556.2 2.84333 87.5608 600.7 713772
Dec., 1993 163.501 19719.7 5.27421 R1.0915 701.501 72078.7
Jan., 1994 74.0001 19793.7 23871 898115 652.599 727313
Feb., 1994 99.1001 19892.8 3.53929 852671 573.799 733051
Mar., 1994 101.30t 19994} 3.26776 84.4835 551.8 73856.9
Apr., 1994 100.10t 20094.2 3.33669 85.4005 585801 744427
May., 1994 99.7999 20154 3.21935 84.9371 563.001 750057
Jun., 1994 95.8008 20289 8 3.265%4 85.6853 5737 75579 4
Jui., 1994 119.9 20409.7 4.41348 84.321 6451 762245
Aug., 1994 146.9 20556.6 480328 82 5034 693 001 769175
Sep., 1994 2547 208113 8.96307 780298 S 999 778225
Gct., 1994 261.8 210731 878768 80 3987 10743 73896 8
Nov., 1994 2874 21360.5 9.58001 78.4935 10494 79946.2
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Production Report

Group ROUTLEDGE Date December 18, 1996 3:56:50 pm
Well ROUTLEDGEWELL User GEORGE
000000001
| Production Data from January, 1985 to October, 1996 (cont.)
Year Monthly Oil  Cum Qil  AvgDaily Oil Water Cut  Monthly Water  Cum Water
. m3 m3 m3/d % ml3 m3

Dec., 1994 278 21638.5 8.96775 81.3356 1212 81158.2
Jan., 1995 3237 21962.2 10.5986 79.0113 1219.1 823773

" Feb., 1995 261.8 22224 9.87925 82.0546 1197.6 83574.9
Mar,, 1995 301.4 225254 10.1882 82.6669 1438.1 85013
Apr., 1995 287.7 22813.1 9.92069 82.7393 13797 863927
May., 1995 3103 231234 12.07 82.752 1489.4 R7882.1
Jun., 1995 3144 234378 10.48 83.8867 1637.5 89519.6
Jul,, 1995 3029 23740.7 10.2823 83.8273 15707 910903
Aug., 1995 2993 24040 10.188% 83.7091 1538.6 92628.9
Sep., 1995 2757 24315.7 9.33258 84.1 1458.9 94087.8
Oct., 1995 247.2 24562.9 8.82857 83.9066 1289.4 95377.2
Nov., 1995 257 248199 8.56667 84.5523 1407.3 96784.5
Dec., 1995 2383 25058.2 7.97657 847646 1326.4 98110.9
Jan., 1996 2137 252719 775915 84.4208 11593 99270.2
Feb., 1996 200.5 25472 4 7.33537 85.3946 11728 100443
Mar ., 1996 260.8 257332 881577 85.6689 1559.7 102003
Apr., 1996 248.9 25982.1 840169 85.553 1474.6 103477
May., 1996 245.1 262272 8.17 85.338 1427.2 104904
Jun, 1996 2278 26455 7.78803 85.5117 13451 106250
Jul,, 19%6 2158 26670.8 7.19333 8591717 1317.2 107567
Aug., 1996 208.4 26879.2 6.72258 85.6952 1249 108816
Sep., 1996 2325 271117 7.90368 84.8032 1298 110114
Oct., 1996 266.6 273783 8.81322 83.9782 1398 111512
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Production Report

Group ROUTLEDGE Date December 18, 1996 4:03:38 pm
Well Tundra Virden Prov. SWD R//E02-29-09-25W1 User GEORGE
00/02-29-009-25W1/0
Hist.Data 03/89-04/96 On Prod 02/09
Operator Status Unknown
Field 5 Zone 59C
Production Data from March, 1989 to October, 1996
Year Monthly Oil  Cum Oil  Avg Daily Oil Water Cut  Monthly Water Cum Water
m3 m3 m3/d % m3 m3
Mar., 1989 28.9995 28.9995 2.63632 58.3232 40.6003 40.6003
Apr., 1989 104.1 133.1 3.47001 40.2644 70.1992 110.8
May., 1989  97.7996 230.899 3.15482 41.2154 68.5999 179399
Jun., 1989 71.0995 301.999 2.84398 427888 53.1995 232.599
Jul., 1989 71.6001 373.599 2.30968 58.5782 101.3 333.899
Aug., 1989 61.2995 434.899 1.9774 51.985% 66.3996 400.299
Sep., 1989 56.7007 491.599 1.89002 52.8957 63.7001 463.999
Oct., 1989 61.7 553.299 1.99032 53.5979 71.2994 535.298
Nov., 1989 43,7003 597 1.45668 57.0198 58.0007 593.299
Dec., 1989 58.4995 655499 1.88708 51.9199 63.1993 656.498
Jan., 1990 48.3992 703.898 1.56127 60.0559 728001 729.298
Feb., 1590 43.0996 746.998 1.53927 59.7471 64.0006 793.299
Mar., 1990 56.5005 803 .498 2.82502 83.5981 288.1 1081.4
Apr., 1990
May., 1990 77.9994 881.498 2. 88887 83.3415 390.399 1471.8
Jun., 1990 50.3999 931.898 1.68 78.4449 183.499 1655.3
Jul,, 1990 41.5995 973.497 1.38665 61.2201 65.7001 1721
Aug., 1990  43.7003 1017.2 1.40969 61.4873 69.8002 1790.8
Sep., 1990 41.8998 1059.1 1.39666 75.489 129.1 1919.9
Oct., 1990 37.6998 1096.8 1.21612 777112 131.5 20514
Nov., 1990 37.1007 11339 1.23669 75.6317 115.2 2166.6
Dec., 1990 42.7007 1176.6 1.37744 73.5514 118.799 22854
Jan., 1991 41.7997 1218.4 1.34838 7377189 117.3 24027
Feb., 1991 38.8996 12573 1.38927 70.8306 94.4993 24972
Mar., 1991 32.9993 1290.3 1.22219 64.7341 o006 2557.8
Apr., 1991
May., 1991 40.0953 1330.4 1.29353 64.2507 721006 2629.9
Jun., 1991 347997 1365.2 1.15999 659726 67 4997 26974
Jut., 1991 33.0994 13683 1.06772 68.3404 714997 2768.9
Aug., 1991 34.1005 1432 .4 1.10002 67.4207 7053998 2839.5
Sep., 1991 30.1993 1462.6 1.00664 71.447 75.599% 2915.1
Oct, 1991 30.1993 149279 0.97417 73.2425 82,6998 2997 8
Nov., 1991 27.0004 1519.79 0.900013 73.6753 75.5998 30734
Dec., 1991 39.7005 1559.5 1.28066 64.0946 70,9003 31443
Jan., 1992 44.5997 1604.09 1.4387 60.6946 689003 32132
Feb., 1992 27.0004 1631.1 0.931048 73.9546 76.6999 32899
Mar., 1992 32.9993 1664.09 1.06449 61.7956 533998 33433
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Production Report

Group ROUTLEDGE Date December 18, 1996 4:03:40 pm
Well Tundra Virden Prov. SWD R/E02-29-09-25W 1 User GEORGE
00/02-29-009-25W1/0
Production Data from March, 1989 to October, 1996 (cont.)
Year Monthly OQil  Cum Oil  AvgDaily Oif Water Cut  Monthly Water Cum Water
m3 m3 m3/d % mJ m3
Apr., 1992 25.0998 1689.19 0.865512 60.9537 39.1997 33825
. May., 1992 32,7005 1721.9 1.09002 62.2297 53.9006 343604
Jun., 1992 25.5003 1747.4 0.87932 65.4836 48.3999 3484 8
Jul., 1992 28.8994 1776.29 0.932238 62.6517 48.5 35333
Aug., 1992 24.7995 1801.09 0.855155 82.627 118 3651.3
Sep., 1992 24.3005 182539 0.810017 83.7068 124 899 3776.2
Oct., 1992 20.3008 1845.7 (.654863 703981 48.2997 38245
Nov., 1992 16.5997 1862.3 (0.592848 81.8119 74.69949 38992
Dec., 1992 14.9995 1877.29 0.483855 70.8655 365002 3935.7
Jan., 1993 14.2002 1891.4% 0.458071 71.1872 35.0996 3970.8
Feb., 1993 17.9997 1909.49 0.642848 63.33 31.0997 4001.9
Mar., 1993 19.2996 1928.79 0.622568 64.25 34.7006 4036.6
Apr., 1993 18.8006 1947.59 0.626688 62.8353 31.8008 4068.4
May., 1993 17.6994 1965.29 0.570948 63.7942 31.1998 4099.6
Jun., 1993 16.9001 1982.19 0.563336 63.4096 283 41289
Jul,, 1993 16.6999 1998.89 0.556662 63.447 28.9995 4157.9
Aug., 1993 15.0996 2013.99 0.487085 64.9554 27.9996 4185.9
Sep., 1993 1.2 2025.19 0.50909 62.5306 18.6992 4204.59
Oct., 1993 17.3005 2042.49 0.558082 571665 23.099% 4227.69
Nov., 1993 9.79998 2052.29 0.326666 68.172 2009997 4248.69
Dec., 1993 18.8006 2071.09 0.606472 56.7707 247007 427339
Jan., 1994 8.5001 2079.59 0.274197 72.9206 22,8995 4296.29
Feb., 1994 12.7001 2092.29 0.453575 63.1773 21.7993 4318.09
Mar. , 1994 11.7005 2104 0.377437 62.2468 19.3002 4337.39
Apr., 1994 11.9008 2115.9 0.396692 65.4964 22 600G 4359.99
May., 1994 13.8999 21298 0.448383 583734 19.5003 437949
Jun,, 1994 13.3008 2143.1 0.443359 577657 18.2 4397.69
Jul,, 1994 10.7995 21539 0.539976 53.4393 12,4004 4410.09
Aug., 1994 17.2004 2171.1 0.573347 50.5641 17.6007 442777
Sep., 1994 18.6004 21897 0.620014 51.4235 19.69492 4447 4
Oct,, 1994 19.3997 2209.1 0.646658 53.7996 22 6006 4470
Nov., 1994 17.1003 22262 0.57001 57.0248% 227008 44927
Dec., 1994 19.8002 2246 0.638716 56.7571 25 999G 4518.7
Jan., 1995 10.2004 2256.2 0.637527 54.6333 123003 4531
Feb., 1995
Mar., 1995
Apr, 1995
May., 1995
Jun., 1995
Jul., 1995
Aug., 1995
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Production Report

Group : ROUTLEDGE Date . December 18, 1996 4:03:41 pm
Well : Tundra Virden Prov. SWI} R/E02-29-09-25W1 User - GEORGE
. 00/02-29-009-25W1/0

Production Data from March, 1989 to October, 1996 (cont.)

Year Monthly Oil  Cum Oi!  AvgDaily Oil Water Cut Monthly Water  Cum Water
m3 m3 ~ m3/d Y% mi m3

Sep., 1995
. Oct., 1995
Nov., 1995
Dec., 1995
Jan , 1996
Feb., 1996
Mar., 1996
Apr., 1996
May_, 1996
Jun., 1996
Jul, 1996

Aug., 1996
Sep., 1996
Oct,, 1996

Page: 3 of 3



Group
Well

Hist.Data
Operator
Field

Year

Jan., 1985

Feb., 1985
Mar., 1985
Apr., 1985
May., 1985
Jun,, 1985

Jul, 1685

Aug., 1985
Sep., 1985
Oct., 1985
Nov., 1985
Dec., 1985
Jan., 1986

Feb., 1986
Mar., 1986
Apr., 1986
May., 1986
Jun., 1986

Jul, 1986

Aug., 1986
Sep., 1986
Oct., 1986
Nov., 1986
Dec., 1986
Jan., 1987

Feb., 1987
Mar., 1987
Apr., 1987
May., 1987
Jun., 1987

Jul, 1987

Aug., 1987
Sep., 1987
Qct., 1987
Nov., 1987
Dec., 1987
Jan., 1988

Production Report

ROUTLEDGE

Tundra Virden Prov. R/IE06-29-09-25W1
00/06-29-009-25W1/0

01/85-10/96

Production Data from January, 1985 to > October, 1996

5
Monthly Oil Cum Oil  Avg Daily Ol
m3 m3 m3/d
62.1 62.1 5.175
105.4 167.5 3.4
165.2 3327 59
116.8 449.5 14.6
229 472.4 4.58
158.8 631.2 5.12258
140.9 772.1 4 69667
143.2 9153 4.61935
1253 1040.6 4.17667
128.3 1168.9 4, 13871
1259 12948 406129
109.6 1404 .4 3.91429
867 1491.1 279677
83.2 1574 .3 3.46667
113.9 1688.2 367419
105.5 17937 3.51667
10538 1899.5 3.4129
98.7 1998.2 3.18387
101.1 2099.3 337
103.6 22029 3.34194
33 22359 2.2
902 2326.1 2.90968
92.9 2419 299677

Water Cut

4_———-%.—‘

20.0702
21.9184
247298
43.7813

40.0418
41.521
46.3333
47.8594
51.3854
53.5204
55.6425
56.7886
594375
584723
619214
62.6974
64.379
63.1889
64 0879
66.7638
74.5287
70.2611
69.2188

Date
User

On Prod
Status
Zone

Monthly Water

15.6

29.6

543
91

15.3
112.8
121.7
131.5
1325
147 %
158
1441
127.1
117.2
1853
177 4
1913
169.5
1805
208.2
96.6
2132
209

December 18, 1996 4:10:28 pm
GEORGE

02/09
Unknown
59C

Cum Water
m3

15.6
452
99.5
150.5

2058
318.6
4403
571.8
704.3
852.1
1010.1
11542
1281.3
1398.5
1583.8
1761.2
1952.5
2122
2302.5
25107
2607.3
2820.5
3029.5
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Group
Well

Year

Feb., 1988
Mar., 1988
Apr., 1988
May., 1988
Jun., 1988

Jul., 1988

Aug., 1988
Sep., 1988
Oct., 1988
Nov., 1988
Dec., 1988
Jan., 198%

Feb., 1989
Mar., 1989
Apr., 1989
May., 1989
Jun., 1989

Jul., 1989

Aug., 1989
Sep., 1989
Oct., 1989
Nov., 198%
Dec., 1989
Jan., 1990

Feb., 1990
Mar., 1990
Apr., 1990
May., 1990
Jun., 1990
Jul., 1990

Aug., 1990
Sep.. 1990
QOct., 1990
Nov., 1990
Dec., 1990
Jan., 1991

Febh., 1991

Mar., 1991
Apr., 1991
May., 1991
Jun., 1991

ROUTLEDGE
Tundra Virden Prov. R/E06-29-09-25W1
00/06-29-009-25W1/0

Monthly Gil

m3

145.7
158.8
148.4
120.6
143.9
134.1
1389
1329
129.5
127.8
129.9
113.9
96.9
1027
113
903
81.3
112.1
109.7
101.4
110.5
98.7
954
99.9
91.3
583

80.4
923
95.3
96.8
86.8
91.1
89.7
85.5
B35
72.3
71

77
87

Production Report

Date
User

December 18, 1996 4:10:30 pm

GEORGE

tion Data from January, 1985 to Qctober, 1996 {cont.)

Produc
Cum Oil  Avg Daily Oil
m3 m3/d
25647 5.02414
27235 5.12258
2871.9 4.94667
2992.5 4.02
31364 479667
3270.5 432581
3409.4 4.480064
35423 443
36718 4.17742
3799.6 4.26
39295 4.19032
4043 .4 367419
43403 3.46071
4243 3.66786
42543 3.76667
4344.6 2.9129
44259 2.71
4538 3.61613
46477 3.53871
47491 3.38
48596 3.56452
4958.3 3.29
5053.7 3.07742
5153.6 3.22258
52449 3.26071
5303.2 2915
5383.6 297778
5475.9 3.07667
5571.2 307419
5668 3.12258
5754 8 2.89333
58459 2.93871
59356 2.99
6021.1 2.75806
6104.6 2.69355
6176.9 2.58214
6247.9 262963
6324.9 285185
6411.9 29

Water Cut
I
701097
71.4914
73.6607
71.9967
73,1052
754942
73.6297
75.44%89
76.6335
75.1666
77.6766
78.9934
80.3419
79.6924
77.7483
83.0488
83.9712
78.6768
79.492
80.3260
79.4614
802412
78.4673
80.7372
80.5427
83.0658

R2.8142
81.1757
82.6822
828671
82.5709
81 7807
82.8754
84575
84,7208
84.3245
84 25835

839957
83.2334

Monthly Water

m3 P
341.9
398 4
4152
310.2
391 .4
413.3

388
408.6
4249

387
45272
4285
396.2
4032

39.5
442.6
426.1
4138
4254
4142
4277

401
347 %
418y
374.1
280.1

387 6
398.2
4552
468 .4
4114
4091
4343

469
4032
38491
IR0

404 .3
4327

Cum Water
m3

33714

3769.8
4185
44952
4886.6
5299.9
56879
6096.5
65214
6908.4
7360.6
7789.1
81853
8588.5
8628
9070.6
94567
9910.5
10335.9
10750.1
111778
11578.8
11926.6
123455
12723.6
13009.7

133973
137955
14250.7
14719.1
15130.5
15539.6
15973.9
164429
165061
17295.2
17675.4

18079.7
18512.4
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Production Report

Group - ROUTLEDGE Date - December 18, 1996 4:10:31 pm

Well - Tundra Virden Prov. R//E06-29-09-25W1 User - GEORGE
00/06-29-009-25W1/0

Production Data from January, 1985 to October, 1 996 (cont.)

I 200 A ot okl
Year Monthly Oil  Cum Oil  Avg Daily Oil  Water Cut Monthly Water  Cum Water

m3 m3 m3d Yo o omi m3
Tul, 1991 87.3 6499.2 2.81613 83.378 4381 18950.5
_ Aug., 1991 86.8 6586 28 83.3743 435.6 19386.1
Sep., 1991 81.5 6667.5 2.71667 83.7525 4203 19806.4
Oct.,, 1991 817 67452 2.63548 849039 4597 20266.1
Nov., 1991 70.2 6819.4 2.34 85.60768 4201 20686.2
Dec., 1991 75.7 68951 2.44194 85.16 434.0 211208
Jan., 1992 70.7 69658 2.28065 85.8405 428 215496
Feb., 1992 76 7041.8 2.62069 85.2257 438.0 21988.2
Mar., 1992 53 7094.8 2.52381 85.8726 3223 223105
Apr., 1992 46.1 71409 2.19524 85.6466 275.2 22585.7
May., 1992 852 7226.1 2.74839 86.2395 534.2 231199
Jun, 1992 959 7322 3.19667 86.8074 63173 237512
Jul, 1992 93 7415 3 86.8203 6129 24364.1
Aug., 1992 99.8 7514 8 3.21935 85.5601 591.6 249557
Sep., 1992 91.6 7606.4 3.05333 86.4805 586.2 25541.9
Oct., 1992 94.8 7701.2 3.05806 84.9468 535.2 26077.1
Nov., 1992 889 7790.1 2.96333 85.977 5453 266224
Dec., 1992 86.2 78763 2.78065 86.73U5 5641 27186.5
Jan., 1993 81.7 7958 2.63548 86.9041 542.4 27728.9
Feb., 1993 67.4 8025.4 240714 86.3428 426.3 28155.2
Mar., 1993 62.5 8087.9 2.15517 87.68 445 28600.2
Apr., 1993 70.4 81583 2.34667 86.0652 433 29035.2
May., 1993 659 82242 212581 866386 4275 294627
Jun., 1993 61.9 8286.1 2.06333 8060169 400 3 29863.5
Jul, 1993 64.7 8350.8 2.08714 863938 411 30274.5
Aug., 1993 56.2 8407 18129 871991 REX] 30657.5
Sep., 1993 57.1 84641 1.90333 859108 34%.3 31006
Oct., 1993 63.7 8527.8 2.054%4 83.2571 ERECR 31322.9
Nov., 1993 36.1 8563.9 1.20333 88 ¥K4d5 2R¥N 3loll7
Dec., 1993 69.2 8633.1 2.23226 82.9062 3372 31948.9
Jan.,, 1994 313 R664.4 1.00968 90,9239 313 32262.6
Feb., 1994 46.4 87108 1.65714 8(.5573 298.9 32561.5
Mar., 1994 42.9 87537 1.38387 860752 2633 328268
Apr., 1994 311 8784.8 1.03667 871225 210.° 33037.3
May., 1994 27.2 8812 0.877419 87 9706 Iy 332363
Jun., 1994 26.5 8838.5 0883333 89.09493 2167 33453
Jul, 1994 237 8862.2 1.07727 ®7 2188 Lol s 33614.8
Aug., 1994 356 8897 8 1.14839 838114 2151 33830.2
Sep., 1994 336 89314 1.24444 80,2524 2004 340411
Oct., 1994 389 8970.3 1.29667 K7.3241 268 34309.2
Nov., 1994 34.1 9004 .4 1.13667 RRITII 2697 34578.9
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Group
Well

Year

Dec., 1994
Jan., 1995

Feb., 1995
Mar., 1995
Apr., 1995
May., 1995
Jun., 1995

Jul., 1995

Aug., 1995
Sep., 1995
Oct., 1995
Nov.,, 1995
Dec., 1995
Jan., 1996

Feb., 1996
Mar., 1996
Apr., 1996
May., 1996
Jun., 1996

Jul., 1996

Aug., 1996
Sep., 1996
Oct., 1996

ROUTLEDGE
Tundra Virden Prov. R//E06-29-09-25W1

00/06-29~009-25W1/0
Production Data from Janua.

Monthly Oil
m3
395
395
404
589
535

57
63.7
563
59.8
61.1
614
79.8
67.1
728
76.8
99.7
91.7
92.6
85.6
84.6
81.7
86.5
488

Cum Oil
m3

90439

9083 .4
91238
9182.7
9236.2
9293.2
9356.9
9413.2
9473
95341
9595.5
9675.3
9742.4
98152
9892
9991.7
10083.4
10176
10261.6
103462
104279
10514.4
10563.2

Avg Daily Oil
m3d
1.27419
1.27419
1.4963
1.9
1.84483
1.83871
2.12333
2.08519
2.06207
2.18214
2.790%91
2.66
2.48519
2.51034
2.74286
3.32333
3.16207
3.08667
3.05714
2.82
2.63548
2.98276
1.80741

Production Report

Water Cut
%

88.6483
87.751
90.1207
90.6143
90.9039
91.5572
91.9518
92.1128
91.8618
90.9041
89.349
89.3487
89.7171

89416
88.8813
88,2922
88.1845
87.9725
88.1869
88 4586
88.2704
87.2857
263939

Date
User

December 18, 1996 4:10:32 pm

GEORGE

_ 1985 to October, 1996 (cont.}

Monthly Water
m3
308.6
283.1
368.7
568.9
5349
6184
728.1
6578
6753
610.9
5153
669.7
585.7
6153
6142
752.2
684.7
677.6
639.3
648.7
615.1
594.1
310

Cum Water
m3
34887.5
35170.6
355393
361082
366431
372615
37989.6
38647 .4
393227
39933.6
40448.9
411186
417043
42319.6
42933.8
43686
443707
450483
45687.6
46336.3
46951.4
475455
A7855.5
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Group
Well

Hist.Data
Operator
Field

Year

Sep.. 1986
Oct., 1986
Nov., 1986
Dec., 1986
Jan., 1987

Feb., 1987
Mar., 1987
Apr., 1987
May., 1987
Jun., 1987

Jul., 1987

Aug., 1987
Sep., 1987
Qct., 1987
Nov., 1987
Dec., 1987
Jan., 1988

Feb., 1988
Mar., 1988
Apr., 1988
May., 1988
Jun., 1988
Jul., 1988

Aug., 1988
Sep., 1988
Oct., 1988
Nov., 1988
Dec., 1988
Jan., 1989

Feb., 1989
Mar., 1989
Apr., 1989
May., 1989
Jun., 1989

Jul, 1989

Aug., 1989
Sep., 1989

ROUTLEDGE

Production Report

Tundra Virden Prov. R/EQ7 -29-09-25W1

00/07-29-009-25W1/0
09/86-10/96

Production Data from September, 1986 to December, 1996

5
Monthly Oil Cum Oil ~ Avg Daily 0il  Water Cut
m3 m3 m3/d %
21.6 216 1.02857 627483
523 73.9 1.74333 56 2966
128.9 202.8 4.60357 44,6672
133 3358 4.29032 51 8877
120.3 456.1 3.88065 562914
106 562.1 3.78571 580423
84.9 647 5.66 59.3479
54 652.4 29 59 9894
111.2 763.6 3.5871 594454
101.5 865.1 3.38333 61.3363
973 962.4 3.13871 63.9395
79.4 1041.3 2.73793 703086
1336 1175.4 4.45333 70.8142
151.9 13273 4.9 730056
84.7 1412 3.52917 7192612
1258 1537.8 405806 7772
127 1664.8 4.09677 768034
101.8 1766.6 3.51034 78.5294
114.6 1881.2 3.69677 791108
107.6 1988 8 3.58667 777057
96 20848 3.09677 775007
99.8 2184.6 3.32667 TR K33
96.5 2281.1 3.1125 814333
95.7 2376 .8 3.0871 823390
915 2468.3 3.05 83.7903
93.4 2561.7 3.0129 %1 u7s
83.2 2644.9 2.77333 82 5120
90.9 27358 2.93226 R3.0507
91.1 2826.9 2.93871 82 5540
74 2900.9 2.64280 837751
732 29741 261429 832350
85 2982.6 2.83333 RET8d
100.9 30835 3.25484 FRNIREN
98.3 3181.8 3.27667 B0.64AY
747 3256.5 2.40968 ®3 433
66.7 3323.2 2 15161 g
776 3400.8 2.580667 830172

Dalc
User

On Prod
Stalus

Zone

December 18, 1996 4:23:36 pm

GEORGE

02/09
Unknown
59C

Monthly Water
w3

30.4
07.4
104.1
143.5

155
146.7

124

8.1
162.8
16238
172.6
188.1
3243
4251
2171
4391
4221
3725
434.2
3732
331.7
3732
424
447
4734
4249
401.9
445.6
4313
aNZ2
3630
AN
3940
4111
37
ERAPN

3":‘\; j

Cum Water
m3
36.4

103.8
207.9
351.4
506.4
653.1
7771
785.2
948
11108
1283 .4
1471.5
1795.8
22209
2438
2877.1
32992
36717
41059
44811
4812.8
5186
5610
o057
65304
6955.3
7357.2
7802.8
82341
%6163
89799
9018
94129
9824
10203.1
105949
10974.4
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Production Report

Group ROUTLEDGE Dalc December 18, 1996 4:23:38 pm
Well Tundra Virden Prov. R//E07-29-09-25W1 User GEORGE
00/07-29-009-25W1/0
Production Data from September, 1986 to December, 1996 (cont.)
Year Monthly Oil Cum Oil  AvgDaily Oil  Water Cut Monthly Water  Cum Water
m3 m3 myd e w3 m3
Oct., 1989 66.6 3467.4 2.14839 85.6287 397 11371.4
~ Nov., 1989 70.9 35383 2.36333 B4.5139 3RT.1 11758.5
Dec., 1989 73.8 36121 2.38065 821804 340.5 12099
Jan., 1990 67.6 36797 2.18065 85.3909 393.3 124943
Feb., 1990 62 3741.7 2.21429 852400 ion4 128527
Mar., 1990 26.5 3768.2 1.325 T2.2425 6Y 12921.7
Apr., 1990
May., 1990 359 3804.1 1.32963 71.8363 w7 13013.4
Jun., 1990 578 3861.9 1.92667 84.5003 3167 13330.1
Jul., 1990 64.5 3926.4 2.08065 854248 378.2 13708.3
Aug., 1990 473 39737 1.97083 850591 2897 13998
Sep., 1990 56.9 4030.6 1.89667 854322 3483 14346.3
Oct., 1990 58 4088.6 1.93333 85.670 3469 14693.2
Nov., 1950 58.7 41473 1.95667 84 2001 313.1 15006.3
Dec., 1990 62.5 42098 2.01613 839024 3259 15332.2
Jan, 1991 61 42708 1.96774 B4 0389 3218 15654
Feb., 1991 473 4318.1 1.68929 833278 2752 15929.2
Mar., 1991 50.8 4368.9 1.88148 85.4094 297.5 16226.7
Apr., 1991
May., 1991 55 44239 2.03704 83,1800 3164 16543.]
Jun., 1991 46.4 44703 1.54667 &7 7130 3314 16874.5
Jul, 1991 512 4521.5 1.65161 BG.R0O34 3387 17213.2
Aug., 1991 496 4571.1 1.6 869732 3313 175445
Sep., 1991 574 4628.5 1.91333 84,0835 3i7.5 17862
Oct., 1991 57.5 4686 1.85484 B3.7800 3472 18209.2
Nov., 1991 59.4 47454 1.98 hE NI 3043 1¥523.5
Dec., 1991 451 4790.5 1.45484 B7 3415 38D 18842
Jan., 1992 33.2 48237 110667 90 3436 3181 191601
Feb., 1992 41.7 4865.4 1.43793 83332 2427 19402 8
Mar., 1992 293 48547 1.39524 B3 ONy 1799 195827
Apr., 1992 26.9 49216 1.22273 B o] LA 19743 .8
May., 1992 48.6 4970.2 1.56774 8o 202 | 3053 200491
Jun, 1992 40.2 50104 1.34 Bo 717 2631 203122
Juk, 1992 41.7 5052.1 1.34516 K354 2554 20567.6
Aug., 1992 40.5 5092.6 1.30645 o nand 2067 % 208354
Sep., 1992 347 51273 1.23929 &7 TR 2476 21083
Oct., 1992 388 st66.1 1.25161 8610 2461 21329.1
Nov., 1992 36.6 52027 1.22 8O0t 2379 21567
Dec., 1992 40.9 5243.6 1.31935 LA IRETRE S 303 21870
Jan., 1993 38.7 52823 1.24839 B 217 RUY S 221014
Feb., 1993 36.1 5318.4 1.28929 87 Srind 233 224144
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Production Report

Group ROUTLEDGE Datc December 8, 1996 4:23:39 pm
Well Tundra Virden Prov. R/E07-29-09-25W1 User GEORGE
00/07-29-009-25W1/0
Production Data from September, 1986 to December, 1996 (cont.)

Year Monthly Oil  Cum Oil ~ Avg Daily 01l Water Cut Monthlv Water Cum Water

m3 m3 omyd_ m3 m}
Mar., 1993 334 5351.8 115172 Re.7725 20012 22678.6
Apr., 1993 376 53894 1.25333 87.285]1 2583 22936.9
- May ., 1993 353 54247 1.13871 877807 2537 231906
Jun., 1993 338 5458.5 1.12667 875136 237 23427.6
Jul, 1993 323 5490.8 1.11379 ®7 o7 2783 23655.9
Aug., 1993 30.1 55209 1.00333 88 A 2274 238833
Sep., 1993 306 5551.5 1.02 87 11 2009 24090.2
Oct,, 1993 347 5586.2 111935 84 3706 187 .4 242776
Nov., 1993 279 5614.1 0.93 EX.06078 217.1 244947
Dec., 1993 53.5 5667.6 1.72581 82 367 2335 247482
Jan., 1994 242 5691.8 0.780645 906422 359 24984.1
Feb., 1954 253 57171 0.903571 87 4704 170.7 25160.8
Mar., 1994 33.1 5750.2 1.06774 837381 1994 25360.2
Apr., 1594 39.1 57893 1.30333 ORI 261 .4 25621.6
May., 1994 35.9 58252 1.15806 87 1091 244 25865.6
Jun., 1994 349 5860.1 [.16333 LIORERD) 2240 26090.2
Jul., 1994 41.2 55013 1.42069 R 28T 22001 26311.3
Aug., 1994 454 5946.7 1.51333 820323 2161 26527 4
Sep., 1994 459 5992.6 1.63929 83130 2207 26754.1
Oct., 1954 497 60423 1.71379 LEIEERY 2687 27022.8
Nov., 1994 451 6087 4 1.50333 Ko L07 2705 27302.3
Dec., 1994 523 6139.7 1.6871 LRI AR 3199 276222
Jan., 1995 522 6191.9 1.68387 R 8902 295 4 27915.6
Feb., 1995 42.9 6234.8 1.58889 Ko, [on7 266 28181.6
Mar., 1995 48.9 02837 1.57742 R3 3106 284 8 28466.4
Apr., 1995 443 6328 1.52759 85 79RY 2677 28734.1
May., 1995 57.1 6385.1 1.84194 Rl 2x 2204 2¥963.5
Jun., 1995 573 64424 191 TRAN22 2047 29168.2
Jl, 1995 56.4 6498 8 1.88 TR A45T70 2033 29373.7
Aug , 1995 558 6554.6 1.80 77 867 1964 29570.1
Sep., 1995 473 6601.9 1.57667 FRIRREE 1733 29743 4
Oct., 1995 216 6623.5 0.72 LI T [50) 29893 4
Nov., 1995 206 00441 0.686667 N7 AN [429 30036.3
Dec., 1995 19.9 6064 0.641935 woNen | 1134 30797
Jan., 1996 11 6675 0.647059 N7 764 30256.6
Feh., 1996 15.4 6690.4 0.7 NC N jof 4 U358
Mar., 1996 40.4 67308 1.34667 Mot 20N 30560.8
Apr., 1996 38.4 6769.2 1.2% wio2 ban g 307517
May., 1996 376 6R06.8 1.25333 B20] IN27 30934 4
Jun., 1996 37.1 6843.9 1.23667 B3NS 184.6 31119
Jul., 1996 343 0878.2 1.14333 B3 aNg 179 312939
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Production Report

Group ROUTLEDGE Date - December 18, 1996 4:23:40 pm
Well Tundra Virden Prov. R/E07-29-09-25W1 User GEORGE
00/07-29-009-25W1/0
Production Data from September, 1986 to December, 1996 (cont.)
Year Montbly Oil  Cum Oil  Avg Daily Oil Water Cut  Monthlv Water  Cum Water
m3 m3 m3/d e w3 ~om3
Aug., 1996 331 69113 1.06774 83 07 1039 314598
~ Sep., 1996 36.2 69475 1.20667 L ARAISRL 1637 316255
Oct., 1996 39.6 6987.1 1.27742 3R 1935.2 318207
Nov., 1996 7023.36
Dec., 1996 7059.28
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Group
Well

Hist.Data
Operator
Field

Year

Mar., 1986
Apr., 1986
May., 1986
Jun., 1986

Jul, 1986

Aug., 1986
Sep., 1986
Qct., 1986
Nov., 1986
Dec., 1986
Jan., 1987

Feb., 1987
Mar., 1987
Apr., 1987
May., 1987
Jun., 1987

Jul., 1987

Aug., 1987
Sep., 1987
Oct., 1987
Nov., 1987
Dec., 1987
Jan., 1988

Feb., 1988
Mar., 1988
Apr., 1988
May., 1988
Jun., 1988

Jul, 1988

Aug., 1988
Sep., 1588
Oct., 1988
Nov., 1988
Dec., 1988
Jan., 1989

Feb., 1989
Mar., 1989

Production Report

ROUTLEDGE Date December 18, 1996 4:27:39 pm

Tundra Virden Prov. R/E10-29-09-25W1 User GEORGE

00/10-29-009-25W1/0

03/86-10/96 On Prod 02/09

Status Unknown
5 Zone 59C
Production Data from March, 1986 to October, 1996
Monthly Oil  Cum Oil ~ Avg Daily 0il Water Cut Monthly Water Cum Water
om3 m3 m3/d % m3 m3
32.1 32.1 2.46923 552192 396 39.6
1.5 336 0.75 78.2534 5.4 45
68.2 101.8 2.27333 53.9702 8O 125
456 147.4 1.47097 67.6729 95.5 2205
26.1 173.5 0.87 79.993 104.4 3249
427 2162 1.37742 66.5525 85 409.9
374 253.6 1.20645 70.1424 87.9 497.8
314 285 1.30833 68.5905 68.6 566.4
22.5 307.5 1.125 70.0706 52.7 619.1
208 3283 1.15556 71.6532 526 671.7
358 364.1 1.15484 70.4285 853 757
356 399.7 1.18667 68.7076 782 835.2
37.1 4368 1.19677 68.145 79.4 914.6
69.5 506.3 2.39655 65.3612 131.2 1045.8
68.1 574.4 2.27 68.923 151.1 1196.9
69.9 6443 2.25484 67.4636 145 1341.9
20 664.3 0.714286 76.6276 65.6 1407.5

60.2 724.5 1.94194 71.297 149.6 1557.1
62.9 787.4 2.02903 70.307 145 1706.1
52.2 839.6 1.8 70.3317 1238 1829.9
61.1 900.7 1.97097 68.2502 131.4 1961.3
487 945 .4 1.62333 72.3991 127.8 2089.1
69.9 10193 241034 80.5061 2888 23779
52.9 1072.2 1.76333 783122 191.1 2569
73.1 11453 2.35806 69.7341 168.5 2737.5
587 1204 1.89355 74.4143 170.8 29083
56.1 1260.1 1.87 66.0107 105 30173
572 13173 1.84516 73.7409 160.7 3178
56.5 1373.8 1.88333 77.9221 199.5 33775
44.7 1418.5 1.44194 741085 128 3505.5
53.8 14723 1.73548 75.0497 161.9 3667.4
42.6 1514.9 1.52143 78.564 156.2 38236
459 1560.8 1.63929 77.9039 161.9 3985.5
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Production Report

Group ROUTLEDGE Date December 18, 1996 4:27:41 pm
Well Tundra Virden Prov. R/E10-29-09-25W1 User GEORGE
00/10-29-009-25W1/0
Production Data from March, 1986 to October, 1996 (cont.)
Year Monthly Oil  Cum Oil  AvgDaily Oil Water Ct Monthly Water Cum Water
m3 m3 m3/d % m3 m3
Apr., 1989 5 1565.8 1.66667 76.0685 15.9 4001 .4
May., 1989 452 1611 1.45806 797147 177.7 41791
'~ Jun,, 1989 40.6 1651.6 1.35333 80.806 171 4350.1
Jul,, 1989 53 1704.6 1.70968 785177 163.8 45439
Aug., 1989 58.1 1762.7 1.87419 71.7574 203.2 47471
Sep., 1989 50.7 18134 1.69 80.6567 2115 4958.6
Oct., 1989 534 1866.8 1.72258 797041 2098 5168.4
Nov., 1989 52.5 1919.3 175 79.6834 206 53744
Dec., 1989 492 1968.5 1.5871 87.5992 347.7 5722.1
Jan., 1990 484 2016.9 1.56129 79.7926 191.2 39133
Feb., 1990 43.4 2060.3 1.55 79.5597 169 6082.3
Mar., 1990 247 2085 1.235 689214 54.8 61371
Apr., 1990
May., 1990 34.1 2119.1 1.26296 68.5329 74.3 6211.4
Jun., 1990 392 21583 1.30667 76.4202 127.1 6338.5
Jul,, 1990 431 2201.4 1.39032 786136 158.5 6497
Aug., 1990 438 22452 1.4129 77.3215 149.4 6646 .4
Sep., 1990 42 22872 14 762766 135.1 6781.5
Oct., 1990 46.4 23336 1.49677 75.5837 143.7 69252
Nov., 1990 37.1 2370.7 1.23667 79.2549 141.8 7067
Dec., 1990 36.2 2406.9 1.16774 75.6639 112.6 7179.6
Jan., 1991 353 244272 1.13871 759128 111.3 7290.9
Feb., 1991 333 24755 1.18929 812644 144.5 74354
Mar., 1991 28 2503.5 1.03704 80.508 1157 7551.1
Apr., 1991
May., 1991 303 25338 1.12222 80:.2407 123.1 7674.2
Jun., 1991 339 25677 1.25556 773772 116 77902
Jul,, 1991 15.6 25833 1.04 80.7339 65.4 7855.6
Aug., 1991 19.5 2602.8 1.08333 802761 754 7935
Sep., 1991 24.2 2627 0.806667 823961 114.9 80499
Oct., 1991 24.2 2651.2 0.780645 83.8392 1256 81755
Nov., 1991 314 2682.6 1.08276 79.2256 119.8 82953
Dec., 1991 325 27151 1.04839 79.5397 1264 84217
Jan., 1992 405 27556 1.30645 77.1367 136.7 85584
Feb., 1992 329 27885 1.13448 79.6465 128.8 8687.2
Mar., 1992 229 28114 1.09048 80.5037 94.6 8781.8
Apr, 1992 295 2840.9 0.983333 83944 154.3 8936.1
May., 1992 382 2879.1 1.23226 84 5786 2096 91457
Jun., 1992 348 2913.9 1.2 783776 126.2 9271.9
Jul., 1992 36.2 2950.1 1.16774 82.8292 1747 9446.6
Aug., 1992 312 29813 1.00645 7822 1121 9558.7
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Production Report

Group ROUTLEDGE Date December 18, 1996 4:27:42 pm
Well Tundra Virden Prov. R/E10-2%-09-25W1 User GEORGE
00/10-29-009-25W1/0
Production Data from March, 1986 to October, 1996 (cont.)
Year Monthly Oil  Cum Oil  AvgDaily Gil Water Cut  Monthly Water Cum Water
m3 m3 m3/d % m3 m3
Sep., 1992 22 3003.3 0.956522 79.4704 B5.2 9643.9
Oct, 1992 282 30315 0.909678 87.5832 199 9842.9
Nov,, 1992 286 3060.1 0.953333 75.0789 86.2 9929.1
Dec., 1992 312 30913 1.00645 63.6685 54.7 9983.8
Jan., 1993 295 31208 0.951613 64.0581 52.6 10036.4
Feb., 1993 233 3144.1 0.832143 82.2344 107.9 101443
Mar., 1993 223 3166.4 0.743333 83.9393 116.6 10260.9
Apr., 1993 244 31908 (0.813333 81.8387 110 10370.9
May., 1993 228 32136 0.735484 82.5891 108.2 10479.1
Jun., 1993 19.6 3233.2 0.653333 83.9285 102.4 10581.5
Jul., 1993 217 32549 0.723333 82.2648 100.7 10682.2
Aug., 1993 19.4 32743 0.625806 83.3129 96.9 10779.1
Sep., 1993 19.8 32941 0.66 81.6601 882 10867.3
Oct,, 1993 203 33144 0.654839 79.9535 81 109483
Nov,, 1993 11.5 33259 0.383333 86.513 738 110221
Dee., 1993 22 33479 0.709677 796413 86.1 11108.2
Jan., 1994 10 3357.9 0.322581 88.8969 80.1 111883
Feb., 1994 147 33726 0.525 83.8579 76.4 112647
Mar., 1994 136 3386.2 0.43871 83.2863 678 11332.5
Apr., 1994 18 3404.2 0.6 83.5255 91.3 11423 .8
May., 1994 228 3427 0.735484 81.5019 100.5 115243
Jun., 1994 211 3448.1 0.781482 84.3992 1142 11638.5
Jul,, 1994 44.2 34923 1.47333 84.9604 2498 11888.3
Aug., 1994 48.7 3541 1.57097 83.35 2439 12132.2
Sep., 1994 51.1 3592.1 1.70333 83.8385 265.2 12397.4
Oct., 1994 533 36454 1.77667 85.0602 3036 12701
Nov., 1994 46.9 36923 1.56333 86.6786 3053 13006.3
Dec., 1994 542 3746.5 1.74839 86.5591 3492 13355.5
Jan., 1995 54.1 3800.6 1.74516 85.5486 3204 13675.9
Feb., 1995 445 3845.1 1.64815 86.7113 290.5 13966.4
Mar., 1995 50.6 38957 1.63226 859975 3109 14277.3
Apr., 1995 46.1 3941.8 1.58966 86.3759 2924 14569.7
May., 1995 53.1 39949 864316 338.4 14908.1
Jun., 1995 58.5 4053 .4 1.95 87.6038 413.6 153217
Jul, 1995 57.6 411! 1.92 87.8125 4152 15736.9
Aug., 1995 56.6 4167.9 1.89667 87.4566 396.9 16133.8
Sep., 1995 555 42234 1.85 86.5403 357 164908
Oct., 1995 45.9 42693 1.53 844822 250 167408
Nov., 1995 438 4313.1 1.46 84.4623 238.2 16979
Dec., 1995 423 43554 1.36452 849731 2393 17218.3
Jan., 1996 235 4378.9 1.38235 84.5031 128.2 17346.5
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Production Report

Group ROUTLEDGE Date December 18, 1996 4:27:43 pm
Well Tundra Virden Prov. R/E10-29-09-25W1 User GEORGE
00/10-29-009-25W1/0
Production Data from March, 1986 to October, 1996 (cont.)
Year Monthly Oil  Cum Oil ~ Avg Daily Oil Water Cut  Monthly Water Cum Water
m3 m3 m3/d % m3 m3
Feb., 1996 39.1 4418 1.44815 84.3103 2102 17556.7
. Mar, 1996 56.1 4474.1 207778 86.3285 3544 17911.1
Apr., 1996 593 4533 4 1.97667 86.2073 370.8 18281.9
May., 1996 57.9 45913 1.93 85.9617 3547 18636.6
Jun., 1996 57.3 4648.6 1.91 86.2174 358.6 18995.2
Jul., 1996 52.8 47014 1.76 86.5392 3396 19334 .8
Aug., 1996 51 47524 1.64516 86.3182 321.9 19656.7
Sep., 1996 559 4808.3 1.86333 85.1904 3217 19978 4
Oct., 1996 76.5 4884.8 2.46774 823628 3574 20335.8
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Production Report

Group : ROUTLEDGE Date . December 18, 1996 4:33:07 pm
Well : Tundra Virden Prov. R/E11-29-09-25W1 User . GEORGE
. 00/11-29-009-25W1/0
HistData : 09/94-10/96 OnProd : 02/09
Operator Status : Unknown
Field o5 Zone ©59C

Production Data from September, 1994 to October, 1996
Year Monthly Oil Cum Qil AvgDaily Oil Water Cut Monthly Water Cum Water

m3 m3 m3/d Yo m3 m3
Sep., 1994 105.5 105.5 376786 63.3578 182.5 182.5
Oct.,, 1994 100.5 206 3.35 67.7582 2113 3938
Nov., 1994 144.2 350.2 4.80667 54.4139 172.2 566
Dec., 1994 112.2 462 .4 3.61935 64,9822 208.3 774.3
Jan., 1995 167.7 630.1 5.40968 64.8769 309.9 1084.2
Feb., 1995 134 764.1 5.15385 67.0178 272.4 1356.6
Mar., 1995 143 907.1 510714 65.6563 2735 1630.1
Apr, 1995 143.8 1050.9 4.95862 66.4313 2847 19148
May., 1995 143.1 1194 461613 67.9268 303.2 2218
Jun., 1995 134.9 1328.9 4.49667 68.3238 291.1 2509.1
Jul, 1995 132.6 1461.5 4.42 68.7759 2922 28013
Aug., 1995 126.8 1588.3 437241 68.0348 270 30713
Sep., 1995 111.8 1700.1 3.72667 739613 317.7 3389
Qct., 1995 118.3 1818.4 3.94333 75.9668 374.1 3763.1
Nov., 1995 112.8 1931.2 3.76 759562 356.5 4119.6
Dec., 1995 109 2040.2 351613 76.6516 358 4477.6
Jan., 1996 106.4 2146.6 3.54667 76.098 3389 4816.5
Feb., 1996 692 22158 247143 78.1076 247 5063.5
Mar., 1996 64.6 2280.4 2.08387 79.4784 2503 53138
Apr., 1996 59.5 23399 1.98333 79.3115 2282 5542
May., 1996 57 2396.9 1.9 78.8188 2122 57542
Jun., 1996 47 8 24447 1.59333 77.2736 162.6 5916.8
Jul., 1996 44.1 24888 1.47 77.7309 154 6070.8
Aug., 1996 426 25314 1.37419 77.4168 146.1 02169
Sep., 1996 53.9 25853 1.85862 80.0595 216.5 0433.4
QOct,, 1996 101.7 2687 3.28065 84.0311 5354 6968.8

Page: 1of1



APPENDIX C

INDIVIDUAL WELL PRODUCTION PLOTS
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APPENDIX D

INDIVIDUAL WELL ULTIMATE RECOVERY PREDICTIONS
DECLINE ANALYSIS (Qil Rate vs Cumulative Oil Production)
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APPENDIX E

INDIVIDUAL WELL ULTIMATE RECOVERY PREDICTIONS
BASED ON OIL-CUT
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APPENDIX F

CORE REPORTS
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PRESSURE SURVEYS
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OPEN-HOLE LOGS
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APPENDIX |

PRODUCTION HISTORIES ROUTLEDGE UNIT NO.1
SECTION 29-9-25 WELLS
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APPENDIX J

MINERAL OWNERS REDUCED SPACING AREA



Routledge Reduced Spacing

" {Toronto Gen. Trust (50%) PMoody Routledge (50%)

..::iMoody Routledge (37.5%) Toronto Gen. Trust (25%)

£ ++{1.M. Moody (6.25%) Crown Trust (25%)
1C.E. Moody {6.25%)

|
PanCanadian Petroleum r

W.A. Hellman i DA Campbeil & C.A. Gerand  |D.G. & L.C. Cox

M8 et Resources

PanCanadian 'F"L roleum PanCanadian Petroleum

M. Cantlon

Loma Linda Farms Ltd,

T N o

o

.

TWP 9 RGE 25 WPM

Mineral Ownership Surface Ownership



ROUTLEDGE REDUCED SPACING
Surface & Mineral Owners

Duncan A. Campbell & Catherine A. Gerrand
P.O. Box 1229

Virden, MB ROM 2CO

(204) 748-2240

Marlene Cantlon

P.O. Box 113

Oak Lake, MB ROM 1PO
{204) 855-2259

David Glenn & Lynn Colette Cox
General Delivery

Rivers, MB

{204) 855-2146

Walter Murray & Margaret Ann Cox
P.0. Box 509

Virden, MB ROM 2CO

{204} 855-2437

Crown Trust and Toronto General Trust
efo Montreal Trust

7th Floor, 530 Eighth Avenue SW
Calgary, AB T2P 358

Wendolin Alphonse &/or Sylvia Helen Hellman
P.0O. Box 1810

Virden, MB ROM 2C0

{204) 748-2005

Ruth Mary Boleyn Jago
P.0O. Box 1388

Virden, MB ROM 2CO
(204) 748-2413

Loma Linda Farms Ltd.
P.0. Box 907
Virden, MB ROM 2CO

Barry Kelvin Lyng
P.0. Box 2371
Virden, MB ROM 2C0O
{204} 748--1751

Manitoba Natural Resources
P.0. Box 20000

Neepawa, MB ROJ T1HO
(204) 476-3441

Charlotte Elizabeth Moody
P.O. Box 1378
Virden, MB ROM 2CO

vy May Moody
P.O. Box 1178
Virden, MB ROM 2CO

Moody Routledge Ltd.
P.0O. Box 1378
Virden, MB ROM 2CO

PanCanadian Petroleums Ltd.
P.0O. Box 2850
Calgary, AB T2P 255

Janusz George Pic
P.0. Box 15697
Virden, MB ROM 2CO
{204) 748-2581

Roderick L. Price & Kerrie Mae Price

P.0. Box 2274
Virden, MB ROM 2CO
(204) 748-1518
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LIMITATIONS

The information and data contained in this report, including without limitation the resuits
of any sampling and analyses conducted by UMA Engineering Ltd. ("UMA") pursuant to
its Agreement with the Client, have been developed or obtained through the exercise of
UMA's professional judgement and are set forth to the best of UMA's knowledge,
information and belief. Although every effort has been made to confirm that such
information and data is factual, complete and accurate, UMA makes no guarantees or
warranties whatsoever, whether expressed or implied, with respect to such information

or data.

UMA shall not by the act of issuing this report be deemed to have represented thereby
that any sampling and analyses conducted by it have been exhaustive or will identify all
contamination at the site, and persons relying on the results thereof do so at their own

risk.

Except as required by law, this report and the information and data contained herein are
to be treated as confidential and may be used and relied upon only by the Client, their
officers and employees, and others having legitimate business relations with the Client.
Any such use and reliance shall be subject to the limitations set forth in the preceding

paragraphs.

3068



Tundra Oil & Gas Ltd. Page* 1+

EXECUTIVE SUMMARY

Tundra Oil and Gas has proposed an infill ol drilling program on a section of crown land (29-9-
25 WPM) in the Routledge area of Manitoba. Section 29-9-25 WPM has sandy soils, natural
areas, and is habitat for the Western Spiderwort (Tradescantia occidentalis), a plant which is
protected under the Endangered Species Act in Manitoba. Because of these features, Tundra
Oil and Gas has been requested by Manitoba Energy and Mines to conduct a survey of flora
and fauna on the site and to preparé a development plan for the site which minimizes the

overall adverse environmental impact and avoids adverse impacts on endangered species.

This report presents the results of a flora and fauna investigation and natural resources impact
assessment conducted on Section 20.9-25 WPM. The investigation included a site survey on
September 6 and 7, 1996, to assess the potential for the occurrence of rare and protected
species, like the Western Spiderwort, and to identify the occurrence of any critical wildlife
habitat. Existing published and file information sources were reviewed and impact issues were
discussed with representatives of Manitoba Natural Resources and the Canadian Wildlife
Service. Where the investigation identified the potential for significant adverse impacts on
natural resources, measures for the avoidance or mitigation of those impacts to acceptable

levels are detailed.

The infill drilling program should not have an unacceptable impact on natural resources
provided that industry standard drilling and extraction processes are used, the area of
disturbance is kept to a minimum, and a few specific timing constraints and restoration
practices are followed. No protected plant or wildlife species will be affected by any project
component. Timing constraints may be necessary to avoid impacts on nesting migratory birds
and interference with recreational land use during hunting season. Drilling during the period
from early spring (late April or early May), when bird nesting begins, to about mid-July when the
young birds have fledged should be avoided. Pre-drilling nesting bird surveys will be necessary
prior to any drilling which may be started during this early spring to mid-July period. Restoration
of all disturbed areas should include removal or treatment of contaminated soils and grading to

—
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pre-drilling contours. No specific revegetation measures are necessary at wooded or pasture
sites. All meadow areas which are disturbed by the project shouid be seeded with appropriate

seed mixes.
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1.1

SECTION 1.0
INTRODUCTION

Tundra Oil and Gas has proposed an infill oil drilling program on a section of
crown land (29-9-25 WPM) in the Routledge area of Manitoba. Section 28-9-25
WPM has sandy soils, natural areas, and is habitat for the Western Spiderwort
(Tradescantia occidentalis), a plant which is protected under the Endangered
Species Act in Manitoba. Because of these features, Tundra Oil and Gas has
been requested by Manitoba Energy and Mines to conduct a survey of fiora and
fauna on the site and to prepare a development plan for the site which minimizes
the overall adverse environmental impact and avoids adverse impacts on

endangered species.

This report presents the results of a flora and fauna investigation and natural
resources impact assessment conducted on Section 29-9-25 WPM. The
investigation included a site survey on September 6 and 7, 1996, to assess the
potential for the occurrence of rare and protected species, like the Westemn
Spiderwort, and to identify the occurrence of any critical wildlife habitat. Existing
published and file information sources were reviewed and impact issues were
discussed with representatives of Manitoba Natural Resources and the Canadian
Wildlife Service. Where the investigation identified the potential for significant
adverse impacts on natural resources, measures for the avoidance or mitigation

of those impacts to acceptable levels are detailed.

Project Descript

The proposed drilling program will be conducted on a section of crown land (29-
g-25 WPM) in the Routledge area of Manitoba. As many as 12 wells will be

drilled in two phases. Phase | will involve up to 4 wells, including 3 wells drilled
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1.2

13

on 20 acre spacing along the centre axis of the section and one drilled on 40
acre spacing. Favourable results from the Phase | drilling would lead to the
drilling of up to 8 additional wells in Phase Il. The Phase Il wells would inciude 6
drilled on 20 acre spacing and 2 drilled on 40 acre spacing. The well identifiers
and well locations on which this assessment are based are shown in Figure 1.
The well identifiers include the phase of the drilling program (I or Il) in which the
well is planned and a unique alphabetic designator (i.e., A, B, C, ...) for each well

included in that phase.

Study Team

The study was conducted by UMA Engineering Ltd. in association with Agassiz
North Associates Limited. Primary authors of the report were Doug Ramsey and
Gwenn Kruszynski, both of Agassiz North. The Project Manager was Ron
Typliski, P.Eng. of UMA Engineering Ltd. The field survey and existing
information review were conducted by the primary authors and Sara Goulet, who
was retained by Agassiz North for her expert knowledge of Western Spiderwort

identification and ecology.

Acknowledgments

Many thanks to those who kindly provided information on local natural resources
and impact assessment issues, including: Janet Moore (Critical Wildlife Habitat
Program, Winnipeg), Jason Greenall and Randy Boychuk (Manitoba
Conservation Data Centre, Winnipeg), Bob Jones and Diane Kunec (Manitoba
Natural Resources, Wildlife Branch, Winnipeg),Tom Moran (Manitoba Natural
Resources, Wildlife Branch, Boissevain), and Rolly Wickstrom (Canadian Wildlife

Service, Winnipeg).
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SECTION 2.0
BASEUNE_EMBQNMENIALQES-QB[H’—QN

The assessment of project impacts on environmental resources is based on the
current status of natural resources on the site {i.e., the baseline environmental
description) and the location and nature of any project-related disturbances to

these resources.

The baseline environmental description was developed from a review of
published natural resource information for the area, discussions with resource
managers, and a site survey conducted on September 6 and 7, 1996. The
specific goals of the survey were to investigate the potential occurrence of
western spiderwort at or near the proposed drill sites, to characterize the plant
communities which occurred at the drill sites, and to identify critical wildlife

habitat at or near the dill sites.

——
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2.2

Land Use

Section 29-9-25 WPM currently supports several land uses, including:
agriculture, oil production, and recreation. Agricultural land uses include wild hay
production from the native grassiand which dominates the NE quarter of the
section, and cattle pasture in native grassland along the north-eastern margin of

the section (Figure 1).

Current oil production activity on the section includes four producing wells in the
centre of the section (6-29, 7-29, 10-29, and 11-29), a disposal well in the south-
central part of section (2-29), and a field battery located adjacent to well 6-29
(Figure 1). All of the producing wells are located on 40 acre spacing. An all
weather access road runs from the road allowance along the south margin of the
section to the battery and well 6-29. A system of prairie trails runs from the
battery to the five active wells on the section, and to the northwest corner of the
section. Previous oil exploration and production activity on the section included 4
abandoned 40 acre wells along the eastern side of the section, and one drilled

and abandoned well in the northwest corner of the section.

Recreational land uses include the hunting of deer and upland game birds in
autumn and snowmobiling in winter. The westen half of the section will be
designated as part of a Wildlife Management Area in the near future (Tom

Moran, Regional Wildiife Technician, Manitoba Natural Resources, pers. com.).

Topography and Soils

The topography of the Virden area is generally level to very gently sloping with
isolated areas of sand dunes (Ehrlich et al. 1956). Sand dunes occur along the
northwest margin of the section and in the south central portion of the section.

The southern dunes run 300-400 m northwest from the south margin of the




ROUTLEDGE FIELD
SECTION 22-2-25

20 ACRE INFILL DRILLING PROPCSAL

LEASE KOAD ORK TRAIL

! + ARANDONED WELL PROPOSED 20 ACRE INFILL WELLS

@ PRODUCING WELL pROFQSED 40 ACKRE WELL

Figure 1. Aerial photograph of Section 29-9-25 WPM indicating the locations of
proposed Infill drilling sites, currently producing wells and access routes, and

abandoned wells.
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section, between the battery access road and well 2-29. Extensive micro-dune
topography is evident in the SW quarter, in the western half of the SE quarter,

and in the northwestern portion of the NW quarter.

Soils on the site belong to the loamy fine sand phase of the Souris association of
the Blackearth soil zone (Ehrlich et al. 1956). The Souris loamy fine sand phase
consists of four associated members: moderately well-drained soils in areas of
micro-dune topography; imperfectly drained soils on smooth topography; poorly
drained meadow soils in flat depressional areas; and excessively drained
lithosolic soils in areas of duned sand. All four phase members occur on the
section. Imperfectly drained soils occur in the northeastern part of the section.

Poorly drained meadow soils occur in the flat north-central portion of the section.

Vegetation

Southwestern Manitoba is part of the Transitional Grassland ecoclimatic region
(Environment Canada 1989). Although there are indications the prevailing
vegetation originally was tall grass prairie, woodland invasion has created a
mosaic of trembling aspen groves and rough fescue grassland (Environment
Canada 1989, Ehrlich et al. 1956). Aspen is the dominant forest species and
occurs near depressions or locally humid locations (Ehrlich et al. 1956). In
trembling aspen stands, the understory consists of saskatoon, red-osier
dogwood, rose, reed-grass, and bedstraw. Shrub and mixed grass prairie
communities occupy increasingly drier sites (Environment Canada 1989). Shrub
communities are dominated by saskatoon, wolf-willow, rose, and snowberry.
Imperfectly drained sites support willow and sedge communities. Within the
Virden area, the native vegetation varies with the soil and substrate moisture
conditions (Ehrlich et al. 1956). Mixed prairie grasses thrive on the imperfectly
drained soils, while meadow grasses, sedges, and reeds occupy the lower sites.

Xerophytic grass species, ground cedar, and purple pin-cushion cactus occupy
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the drier sites in duned areas. Scrub oak and aspen grow along slopes and in

depressions.

Section 29-9-25 supports a range of vegetation communities, reflecting the
variety of soil conditions on the section. Aspen forest predominates in the
southern half and northwest corner of the section (Figure 1). Meadow and mixed
grass prairie predominate the north half of the section and occur in the SE
quarter as well. The majority of the vegetation on the section is undisturbed by
development, with about a quarter of the section (primarily the NE quarter)
utilized for the production of livestock feed (hay) and cattle pasture and

approximately 4 ha under lease for oil production.

The proposed infill drilling program will be undertaken primarily in the meadow
areas, with 3 wells planned on wooded sites (Figure 1). No drilling will be
conducted in duned areas. Vegetation surveys were conducted at all of the
proposed drilling locations. These surveys emphasized identification of rare and

protected species and a qualitative characterization of community dominants.

A number of characteristic vegetation community types were found at the drilling
sites, with a particular distinction among the well-drained meadow, poorly-
drained meadow, and forested communities (Table 1). The species

characterizing these community fypes are listed in Table 2.
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Figure 1 for site locations and Table 2 for th

Table 1. Vegetation community types occurring at the proposed infill drilling sites. See

e species which characterize each

community type.

Community Type Drilling Sites
well-drained meadow margin A, MIF
weli-drained meadow (hayed) 1A, IC, IiB

well-drained meadow (pasture) ne
poorly drained meadow iB, NG, IIH
wooded forest ID, ID
cleared forest IE
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Table 2. Vascular plant species characterizing the proposed drilling sites on Section 29-9-25.

Cleared Wooded  Well- Woeil- Well- Poorly
Species Forest Forest Drained Drained Drained Drained
Meadow Meadow Meadow Meadow

Margin  (Hayed) (Pasture)

Trees
Populus tremuloides v v v

Shrubs

Amelanchier alnifolia v

Betula occidentalis v v
Comus stolonifera v

Elaeagnus commutata v

Prunus virginiana
Rosa acicularis
Rubus idasus
Salix sp. v v
Symphoricarpos occidentalis v v v

Grass-like Plants

Agropyron sp.

Agrostis scabra v
Andropogon gerardi v
Andropogon scoparius

Calamogrostis neglecta

Carex sp. v

Elymus sp.

Hordeum jubatum v
Juncus sp.

Phragmites communis

Scolochioa festucacea

Setaria viridis v

Spartina gracilis v

Triglochin maritima v

Wildflowers

Amaranthus retroflexus v

Anemone canadensis v

Artemisia sp. v v

Asler spp. v v
Cirsium sp. v v
Convolvulus sp. v

Galium boreale v

Helianthus sp. v

Lycopus sp. v

Mentha arvensis v
Mianthemum canadensis

Rhus radicans v
Smilacina stellata

Solidago spp. v v
Sonchus arvensis v v
Thalictrum dasycarpum v

AR NN
LN N

LA NN
NN N

NN A

AN

AN

1NN

—
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The rare vascular plant species which are known to occur in the general vicinity
of the study area are listed in Table 3. Two of these plants, the Western
Spiderwort (Tradescantia occidentalis) and the Purple Pin-Cushion Cactus
(Coryphantha vivipara) have been found to occur either on Section 29-9-25 or on
adjacent lands. The Western spiderwort is considered a rare vascular plant in
Canada (Argus and Pryer 1990), a threatened species under COSEWIC (1994),
and recently has been granted protection under the Manitoba Endangered

Species Act.

No spiderwort plants were found at any of the proposed drilling sites. None of the
sites offers suitable habitat for the plant, which only occurs in sand dunes. Our
survey of the sand dunes located on the southern margin of Section 29-9-25,
and of the northward extensions of these dunes, found many of the vascular
plant species known to be associated with the occurrence of the Western
Spiderwort. No spiderworts were found although their occurrence in this area
cannot be ruled out because the survey was conducted late in the growing
season. The plants finish their growing season earlier in areas with more sun
exposure (Sara Goulet, Agassiz North Associates Limited, Winnipeg, pers.
com.)}, such as in the dunes on the southern margin of the section. Inspection of
the duned area along the north-west margin of the section, which has more
shaded areas, revealed several spiderwort plants in the last stages of the fall die-
off.

Among the species associated with the spiderwort found on the dunes, both to
the south and the northwest of the drilling sites, is the purple pin-cushion cactus
(Coryphantha vivipara). The pin-cushion cactus, while not rare across Canada, is
considered a rare vascular plant in Manitoba (White and Johnson 1980). This
species did not occur at any of the drilling locations, again due to the lack of
suitable habitat.
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The occurrence of the Seaside Arrow-Grass (Triglochin maritima) at the poorly
drained sites IB and |IH also is noteworthy. Although not a concern as a rare
vascular plant species in either Manitoba or Canada, the Seaside Arrow-Grass is
considered poisonous to cattle and sheep (Looman and Best 1979), making
these areas of questionable quality for livestock feed or pasture.

Wildlif

Wildlife which are characteristic of the transitional grassland region include
white-tailed deer, coyote, snowshoe hare, Franklin's ground squirrel, and
thirteen-lined ground squirrel (Environment Canada 1989). No attempt was made
to provide a complete survey of the wildlife species occurring on the section.
Instead, the survey focused on identifying locations of any critical wildlife habitat,

such as denning areas or raptor nests.

Rare and protected wildlife species with some potential to occur on section 29-9-
25 are listed in Table 4. Notably, all of the these species are grassland birds,
whose existence has become threatened by the loss of native grassland areas to

agriculture and other development.

—
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Table 4. Wildlife species with special
Section 29-9-25,

conservation status which may occur on

Species Status1

Habitat Preference2

Ferruginous Hawk Threatened

Loggerhead Shrike Endangered

Burrowing Owl Endangered

Baird's Sparrow Endangered3

Dry prairie and open grassland regions.
Usually nests 3 to 10 m above ground in
tree tops. Also may nestin a bush oron a
ledge, riverbank, or hillside.

Open country with high perches and thorny
shrubs. Nests 1.5 to 6 m above ground in
shrubs or trees.

Nests in abandoned badger and ground
squirrel burrows.

Dry areas with long grass and scattered
shrubs. Nests on the ground with or without
overhead cover.

1. J. Moore {Manitoba Natural Resources, pers. com), Committee on the Status of
Endangered Wiidlife in Canada (COSEWIC), 1996.

2. Godfrey (1986)

3. Endangered in Manitoba, delisted elsewhere in Canada.

Although the section supports a substantial area of native grassland and
meadow, previous study by Manitoba Natural Resources (DeSmet 1992) found it
did not represent high quality habitat for the rare and protected grassland birds
like the burrowing owl, loggerhead shrike, Baird's sparrow or ferruginous hawk.
Other, drier locations in the area offer better quality habitat. Given the rarity of
these birds, and the occurrence of better quality habitat in the surrounding area,
it is unlikely that any of these important grassland bird species will take up

summer residence on the section.

Wooded areas on the section were surveyed for the occurrence of raptor nests,
both at the drilling sites in wooded areas and along potential access routes to the

wooded drilling sites. No nests were observed. A Swainson's hawk was found

—
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hunting in the meadow during the survey, although its nesting site was not in the
areas which will be disturbed by drilling.

No natural waterfowl habitat occurs on the section. Examination of historical
aerial photos for the area indicated a wetland occurred at one time on the central
part of the section, where the meadow grasses presently are found (Sara Goulet,
Agassiz North Associates Limited, Winnipeg, pers. com.). This wetland no longer

exists, perhaps as a result of drainage for agricultural purposes.

The only ungulates occurring in the area are white tail deer. The Land Capability
Rating {(Canada Land Inventory 1970) for the section is Class 4 (moderate
limitations) in the NE, SE, and SW quarters and Class 6 (severe limitations) for
most of the NW quarter. This habitat classification is generally representative of
overall habitat quality in the township. The only high quality deer habitat
occurring on or near the section is Class 3W winter range which crosses the
extreme northwest corner of the section and occurs in adjacent sections 30-9-25,
31-9-25, and 32-9-25.

The section occurs within the ranges of both the Ruffed grouse and the Sharptail
grouse. Several sharptails were flushed in the course of the September site
survey. Typical habitat for sharptails in the parkland region is grassland and
grain-bearing land near brush or open woodland. The sharptails nest on the
ground, under or near brush or trees. The Ruffed grouse is more of a woodland
bird, inhabiting second growth deciduous and mixed woodland, wood edges and
openings, and similar areas. Ruffed grouse nests are usually in wooded areas,

often at the base of a tree, rock, log, or brushpile.
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IMPACT ASSESSMENT AND MITIGATION

The primary impact issues include the disturbance of rare and protected
vascular plants and wildlife and their habitat. Such disturbance may occur at the
proposed drill sites and in the development of access trails/roads, flowlines, and
powerlines. Other issues include: the preservation of native grassland, meadow,
and wooded habitat; minimization of the displacement and disturbance of wildlife;
introduction of weeds; interference with other land uses; and, spills of

contarninants.

Two rare or protected vascular plant species occur on the section, Western
Spiderwort, and Purple Pin-Cushion Cactus. The project does not pose a threat
to either species. None of the proposed drilling sites is located in duned areas
and any access trails/roads, flowlines, and powerlines will not be routed through

duned areas.

Potential impacts on wildlife include the loss or isolation of habitat, displacement
of wildlife from habitat due to activity and noise, and increased access to wildlife
for hunters due to the construction of access trails and roads. Particular
concerns in this regard relate to the disturbance of birds during the nesting

season and the displacement of deer from winter range.

Although some disturbance or displacement of wildlife by the drilling program is
inevitable, this impact only becomes a serious concern when it affects
rare/protected wildlife in any stage of their life history, or more common species
during critical phases of their life history. The only rare/protected wildlife species
which may be affected by the project are four grassland birds; the burrowing owl,
loggerhead shrike, Baird's sparrow, and ferruginous hawk. While it is not

———
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possible to entirely rule out the potential for adverse impacts on these birds, it is
highly unlikely that any of these species will be affected. The section does not
offer any high quality habitat for them, making it unlikely that any will take up

summer residence there.

The disturbance of raptor nests is an important impact to be avoided, because
these birds will utilize the same nest over several years. Birds can be
permanently displaced from a site as a result of the disturbance or destruction of
a nest. This does not appear to be an impact issue for the proposed project as

no raptor nests are located in areas which will be disturbed.

Nesting migratory birds are protected by the Migratory Birds Convention Act.
Under this act it is unlawful to disturb any active migratory bird nest or their eggs.
Impacts related to the disturbance of nesting birds can be avoided to a large
degree through the careful scheduling of activities. In this regard, the drilling
project has limited potential to affect nesting birds. Drilling is not practical during
spring and early summer due to load restrictions on local roads which prevent
the transport of drilling equipment. These road restrictions typically are in effect
from late March to mid-June and will ensure that much of the nesting season is
avoided. Once the load restrictions are lifted, drilling in wooded areas could start
as long as any necessary clearing was completed outside the nesting season.
Late winter is a good time for tree and brush clearing to be done. In grassland
areas, a further delay in the start of drilling from the time that load restrictions are
lifted until mid-July would ensure that impacts on birds nesting in these areas are

kept to a minimum.

In cases where it is necessary to initiate drilling during the nesting season, a pre-
construction nesting bird survey is required. This involves the survey of access
routes and drilling areas by a biologist for the presence of nests which are to be

avoided by the drill crews. Any nests are flagged, and drilling can proceed as

3068
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long as a sufficient buffer is provided between the drilling activities and the

nesting areas.

The occurrence of deer winter range on and adjacent to the section introduces
the potential for adverse impacts during a critical life phase if winter drilling is
undertaken. Noise and activity during drilling could displace deer from the winter
range, resulting in reduced survival. It is our understanding that winter drilling will
not be used extensively, due to its higher cost (Mr. George Czyzewski, Tundra
Oil and Gas Ltd., Winnipeg, MB, pers. com.). However, there is a possibility that
the poorly drained sites (1B, IIG, and IIH) may be drilled in winter if ground
conditions do not permit access in summer or autumn. Sites HIG and IIH are
located approximately 400 to 500 m from the documented winter range habitat.
This distance should provide an adequate buffer to prevent the displacement of
deer from winter range. Consequently, no critical life stage impacts on deer are

expected to occur.

The potential adverse impacts of oil drilling on native grassland, meadow, and
wooded habitat are primarily related to clearing and grading of the drilling sites,
and the development and use of access ftrails/froads. Such impacts are a
necessary part of the oil exploration process, but need not be permanent if
proper site restoration measures are undertaken. The standard requirements of
drilling permits issued by the Province of Manitoba include the restoration of all
disturbed areas as close to pre-project conditions as possible. Adherence to
permit conditions should adequately address concerns in this regard.

Site restoration typically includes removal of all equipment, structures, and
foundations, treatment or removal of any contaminated soils, regrading of the
site to original contours, and, where necessary, site revegetation. The magnitude
of the related impacts and the cost of restoration also can be minimized by
keeping the areas of disturbance to an absolute minimum and avoiding work in

wet conditions.

3068
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In the case of wooded areas, no specific revegetation measures will be
necessary. The drilling sites and trail rights-of-way will be sufficiently small that
the surrounding aspen forest will quickly reclaim the sites following termination of

activity.

The meadow areas should be seeded with an appropriate seed mixture after
recontouring in order to discourage weed growth and accelerate the return to
pre-project conditions. Seed mixes appropriate to specific site conditions are
shown in Table 5. Seeding should be done immediately on completion of the
final site grading, and the progress of regeneration should be monitored
periodically for about two years after seeding. Maintenance applications of
herbicide may be necessary to control broad-leaved weeds during this

monitoring period.

Table 5. Recommended seed mixes for restoration of meadow drilling sites on

Section 29-9-25 WPM.
Well Drained Meadow Poorly Drained Meadow

(Sites IA, IC, 1IA, IIB, IIC, IIF) (Sites IB, IIG, IIH)
Northern Wheatgrass 25 % Creeping Red Fescue 30%
Western Wheatgrass 20 Slender Wheatgrass 30
Slender Wheatgrass 30 Streambank Wheatgrass 20

Tufted Hairgrass 15 Green Needlegrass 20

Big or Little Bluestem 10

Application: In summer, drill at 14 kg/ha or broadcast at 26 kg/ha. Certified Canada No. 1 seed
shouid be used where available.

No specific revegetation measures beyond recontouring are necessary in the
pasture area. This land use has dramatically altered the vegetation community,
such that it is now dominated by a weed species (Hordeum jubatum, foxtail
barley; Table 2) which will quickly reclaim any areas disturbed by drilling.
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Another issue related to the disturbance of native vegetation is the potential for
the introduction of weed species. A particular concem in this regard is leafy
spurge (Euphorbia esula} which aggressively invades disturbed sites in sandy
soils. Spurge seeds can be carried on to the site by equipment and vehicles
which have been used in infested areas. Once introduced, the plant will quickly
take over any disturbed soils. Should this occur, a biological control program,
using Black dot leafy spurge beetles (Aphthona nigriscutis), may be necessary to
treat infested areas and prevent further spread. Measures which can be used to
minimize the potentia! for introduction of leafy spurge and other weeds include
the washing of equipment undercarriages before moving onto the site and

minimization of the area of disturbance.

The potential for displacement of wildlife from the section, and particularly of
deer and upland gamebirds, may have an adverse effect on recreational hunting
opportunities. The Department_of Natural Resources may therefore require, as a
condition of the drilling permit, the suspension of drilling activities during the

hunting season in order to accommodate this other land use.

Contaminant discharges associated with oil drilling and production can include
spills of crude oil and saline water, and leaks of fuels, lubricants, and coolants
from vehicles and equipment. Measures for the containment and cleanup of
these contaminants are standard conditions of drilling permits and adherence to

these conditions should provide adequate environmental protection.
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SECTION 4.0
CONCLUSIONS AND RECOMMENDATIONS

The proposed infill drilling program on Section 29-9-25 WPM should not have an
unacceptable impact on natural resources provided that industry standard drilling
and extraction processes are used, the area of disturbance is kept to a minimum,
and a few specific timing constraints and restoration practices are followed. No
protected plant or wildlife species will be affected by any project component.
Timing constraints may be necessary to avoid impacts on nesting migratory birds
and interference with recreational land use during hunting season. Drilling in the
period from early spring (late April or early May), when bird nesting begins, to
about mid-July when the young birds have fledged should be avoided. Pre-
drilling nesting bird surveys will be necessary prior to any drilling which may be
started during this early spring to mid-July period. Restoration of all disturbed
areas should include removal or treatment of contaminated soils and grading to
pre-drilling contours. No specific revegetation measures are necessary at
wooded or pasture sites. All meadow areas which are disturbed by the project

should be seeded with appropriate seed mixes.

Respectfully Submitted,
UMA ENGINEERING LTD.

S
D. Ramsey, M.Sc. \

Agassiz North Associates Lid.

R. Typliski, P.Eng. %' N
UMA Engineering Ltd.
TYPLi

?“\‘?é//" 22- /e «
&
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February 6, 1995

Manitoba Energy and Mines
Petroleum Branch

1395 Ellice Avenue, Suite 360
Wwinniped, Manitoba IDENT'AL
R3G 0G3

Attention: Mr. J. Fox, P.Eng.
Chief Petroleum Engineer

Dear John,

RE: Routledge Field
Section 29-9-25 WiM Reduced Spacing

Further to our meeting of 95.01.23 with the Manitoba
Petroleum Branch pertaining to the referenced subject
matter, Tundra ©0il and Gas Ltd. is currently considering
reduced spacing (20 acre) as the best method of maximizing
0il recovery from Section 29-9-25. To that end, we are
including the following documentation that you can use in
your discussions with the Department of Natural Resources
regarding any environmental issues with the proposed
exploitation program:

1. Attachment No.l: Aerial photograph of Section 29 and
current infra-structure. The 20 acre infill development
program 18 outlined on the transparency. A total of 10
potential infill locations have been identified. The
majority (8 1ocations) of the proposed infill wells would be
drilled on existing cultivated 1land. This would cause
minimal disruption to the existing flora and fauna in this
area. Only 2 infill locations (6b-29 and 3d-29) would
require removing surface cover toO access these sites.
However, Tundra has previously successfully adhered (new
1994 well at 11-29) to the DNR regulations required in
developing environmentally sensitive areas. 1f 6b-29 and 3d-
29 were drilled in the future, Tundra would again meet the
environmental conditions set out by the Department of
Natural Resources.

2. Individual well production histories and depletion
analysis has previocusly been supplied to the Petroleum
Branch.

3. Attachment No.2: A COpY of the proposed infill drilling
program for Section 29-9-25.

1111 - One Lombard Place, Winnipeg, Manitoba R3B 0X4 Telephone: (204} 934-5850 Fax: {204) 934-5820



Tundra

ollandgasitd.

4. Attachment No.3: Correspondence with Manitoba DNR
outlining conditions that Tundra adhered to in the drilling
of a recent well in the Routledge Field at 11-29-9-25. These
conditions would be respected toO minimize any environmental
damage in future drilling programs.

5. Attachment No.4: Open-hole logs of the existing producing
wells in Section 29. The intent of this information is to
illustrate the degree of stratification in the Scallion and
Oolite formations. gince both productive formations are
highly stratified, the use of horizontal drilling in our
opinion would not be the best technology to further increase
oil recovery in the Routledge Field. Conventional vertical
drilling 1is considered by Tundra tO be the best method Lo
contact all the producing layers and maximize 0il recovery.
production in the Routledge Field is further complicated by
natural fractures, which may adversely impact on ©0il
production in a horizontal well.

Tundra will submit a formal application tO the Crown toO
down space Section 29-9-25, after the Petroleum Branch has
received some feedback from the DNR as to their position on
further petroleum exploitation in this area. Tundra
considers our plans at this time for Section 29-9-25 to be
very confidential, and would be appreciative if this matter
is handled accordingly by your department.

Should you have any questions OI require our assistance,
I can be reached at 934-5853.

Yours truly,

TUNDRA OIL AND GAS LTD.

1.

. ;
oo T [ = __‘j/ﬁ-x_
A LT R ST

™ :
George Czyzewski, P.Eng.
Senior Reservoir Engineer

cce: R. Puchniak
D. Barchyn



ATTACHMENT NO.1
AERIAL PHOTOGRAPH OF SECTION 28-9-25 W1M

' Attachment 1
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ATTACHMENT NO.2

PROPOSED INFILL DRILLING PROGRAM SECTION 29-9-25 W1M
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ATTACHMENT NO.3

CORRESPONDENCE WITH MANITOBA DNR SECTION 29-9-25 W1M
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) | " Mani Fee: No Charge :
ark Perm‘ v | Neturad Resourans %’ Psrmit No. ) WP 568 8

This permit, lasued under the authority of Section 9(1){c) of The Crown Lands Act, and, subject to all Acts and regulations In
effact from time 10 ime, OR, In the case of other ‘ands, under The Fires Prevention Act, authorizes
Name of permites

| LUMORA B 4 M_(395 AT

Adaresy [ChyfTawn ~ "~ YR —— e e —
e /260 LU EAT URNTTB A

t0 casry out an oparation on the following describad molown {Manitoba) lands [JOthar jands

| St)_# Nl S _Ske 79— -G Lol
for tha purpoaa of: (decrioe purpass or objodtive of opwation) AUthOrity (anter 8 of permit, tender, conitaa,

) wic., i applicabla}
PRIMING NEW Whisrs o QA recaryons,

Subjsct to the following condittons: (attach lat I additional space (s required)

1. Yau are required to maintain the following fire-fighting equipment In serviceabla condition on the operation for the
purpose of flre contral: :

o} (JFire axtinguisher: (& minimum of 1 for sach of the following and of the slze apecified - must be ULC approved)

Bulldozers Eath power saaw Trucks Dragiines

Skiddou— - T Lol;;; - SIuE_n_ Other (Spoc.) - B

b) (JOther equipment:

e (S S (.77 R —
-|Hoco {lin. fr.) Palls Axen i

¢} [] spark arrestors (one on each inlernal combustion engine - must be serviceable, In Officer's oplinion.}

2. This permil must be avallable at all times on the aperatlon site, produced at the raquest of an Officer, and may be
cancelied by an Officor without advance notlice.

3. %ne per a!taéhod append!x dated _.?#D%ZL’L

« Notr ¢ AS PrR piscussian itk Tummea. o (7rm -Nale)
Ao [B3ATTERM, oR TARATAL SMAfrory W44 Lrarrdfin [~

> YHAS & StoelS . [ gwrern RE Pl TR 7S j
JuRY A ComniTlert 1Ay APPAY. :

** THIS PEAMIT AND THE RIGHTS AND PRIVILEGES GAANTED THEREUNDER ARE NOT TRANSFEAABLE **
** PEAMIT EXPIRES MARGH 31 UNLESS AN EARLIER EXPIRY DATE l; S’EEI_!_:’!ED .t

| hareby cernity that the Information given to obtain this ?-:;"::::;* Signature thority
permit Is trus and that | understand 1ha.conditions set out y
?&/a{//ﬂ 1ov Mindater of Nalural Resourcea '
~ fExoly Usle 71 [s3ulhig Dlsinct or Glfice )
A k)Q {y*/mho/aa}
neg by DE/mIIles o/ WTRGriTNd rwprasentaiive. U/ﬂp rrs - ;

SN-DIAS MO 13181 B Sib

A . —
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HPRRfe I
V470 ¢ /1

WEILIL, SITES

WS 1 The maximum allowable size of clearings for well sites ig 100 metrena bY
10¢ metres.

WS 2 No material is tobe pushed into standing timber or -t'.z-eams- All lsaning
trees are to be removed from standing timber by felling with a power
saw, limbing to lis £flat and outting into lengths not exceeding 8 feet in
langth,

All merchantable timber must be salvaged by felling with a power saw,
limbing and akidding to & central location adjacent to permanent acceas.

WS 3 Access for drilling will be via existing trail which are not to be widenaed
for rig accasa purpoaes unlsss anthorized by DNR.

W8 4 Improved aocesa routea will not be considered until the well in a proven
producear.

WE 8 Acoess routes ars to be marked indicating th= company and waell location
[eection/township/range] and tﬂlephone number of the well sesrvice
contraotor.

WS 6 All topsoll is to be stripped off well sites a.nd Plled separately from
slash for future site reclamation projeotsa.

WS 7 If the well is not productive, the site is to be re-contoured, storad
topsaoil ia to be spread cut and following seeding, the slash is to ba |
rolled back and spresad on the site. Seeding is to be done at a rate and
saad mixture deeignated by Regional wildlife ataff and be compatible
with arsa management objectlves.

WE 8 Slash is to be dispossd of as prescribed by DNR and top=ocil is to be
spread about on the site and seeding is to occur. Seed mixturs will be
determined by Regional wildlife staff and be compatible with area
ma.na.gamnnt objectives.

WS 9 A legal survey ahd eite plan willbe required for all successful wells and
) this information supplied to the local Natural Resources officer who
will attech it to the relevant permits,

W5 10 Site plans may ba required for potential wall sites indicating cover
typaes, water courses, well locations, accems and flow line locations.

WS 11 Circulating tanks are required for sump fluids and the fluids must be

hauled to a safe dispoeal site approved by ths
PATWLEum HEPRACTIRS

W38 12 Sump locations must be approved by the Department of Natural
Resgurces.

WS 13 Sump pits are to be fenced until clsan up has been complatad.

JUN 21 '84 1@:53 | 2049345828 PARGE.QO3
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WS 14 Sumps must be located in stable, impermeable s0fl on the uphill side of
a lsasehold

WS 15 Sumps will not be allowed in porous soile. Circulating tanks will be
raquired. \ '

—r-

WS 18 Burn pits will not be permitted

WS 17 No discherge of contaminants includingealt watey allowed on crown lands
or on any areas that could lead to surface or groundwater

contamineaticon. All contaminents are to bs removed from the gitea and
diasposed of A% GR RGLHAATe~S

WE 18 Once producing, the sits is to be reduced in size by allowing trees and
grass to re—-establish on all but tha acoess route and the actively used
area immediately surrqunding ths well .

WS 19 Any fencas which have been damaged are to be repaired immediately.

- WS 20 Weather permitting, all reclamation work is to be complstad within 30
days of completion of drilling.

WS 21 All refuse {s to be removed to a deajgnated landfill eite. None is to
be buried on site.
PBRMoLium 1nspRcrers /! .
WS 22° WirQAN).  ph: 748 /557 are to be notificd prior to laase
construction, drilling, and any other faoility cor::structicn and
iImmediatsly upon completion.

WS 23 To prevent seepage which can cause environmental dsmasw, an

. imparmeabls berm, dike or diversion ditch must be constructed around
the low side of a laasehold to retain asurfaca water and other wa]l site
fluids. Thi= may be accomplished by sloping the ground toward the
centre on the uphill side of the laase.

Note: See section entitled Genersl Guidelines for possible additional

54/ 06, /7
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CONSENT OF OCCUPANT

[, (we) LEQONARD FISK of thn_dlﬂﬂsmf_Qgs_Lase___

in the Province of Manitoba, having an interest in the within lands by virtue of an Agreement

or Instrumeant dated the ___1st__ day of January A.D. 19 94 , do hereby agras
that all of my {our) rights, interests and estate which are, or may he affected by a Permit
which may be issued by Crown Land, Manitoba Natural Resources Branch, DO HEREBY
GRANT to the mineral producer, Tundra Qil and Gas Ltd., its successors and assigns, it
contractors, servants and agents the right, license, liberty, privilege and sasement to enter

upon, over, under and through ail portions of the following lands:

The South West Quarter of Section Twenty Nine (29)
Township Nina (9)

Range Twenty-five {25)

West of the Principal Meridian

The Mineral Producer, ___TUNDRA QIL AND GAS LTD. hereby covenants and agrdss to
compensate me (us) for damage done to my (our) buildings, growing crops, fences and

livestock on the said land by reason of the exercise of the rights hereby granted;

tf my {our) rights to occupy the said land terminates for any reason, this consent and
agreements herein contained shall then and in that event cease and determine.

This consent shall be binding upon and shall enure to the bensfit of my {our) heirs, executors,
administrators and assigns.

IN WITNESS WHEREOF | (WE) HAVE EXECUTED THIS CONSENT AT _ (ol loko
IN THE PROVINCE OF MANITOBA, THIS Q__pavor__ Suso . 1994

SIGNED AND DELIVERED IN THE PRESENCE OF:

R ? Ao il 2ol

i \,WITNESS OCCUPANT LEONARD FISK

THIS CONSENT IS HEREBY ACKNOWLEDGED AND
ACCEPTED BY THE MINERAL PRODUCER

TUNDRA OIL AND GAS LTD,

{THIS CONSENT IS ATTACHED TO AND FORMS PART OF PERMIT NG.

DATED THE DAY OF ,AD, 18 )
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Work Permit " _Manitoba Fee: No Charge .
o ( C'qlura!ﬂpsogfg%' (? Permit No. )WP 5688

et

This permit, lswed under the authorlty of Section 9(1){¢c}) of The Crown Lands Act, and, subject to ail Acts and regulations In
affect from time to time, OR, in the casge of other fands, under Tha Fires Prevantion Act, authorizes
Nemo of pcrmnee .

_TUNORA Gu NG9S ATO N
K;cm L2eo (LRI ENS me/a A,

to carry out an apseration on the following described MCrown (Manitoba) lands [_]Other lands

| S ¢ pu) o Sue ] V7 L A5 __;_-___

{or the purpose of: (describe purpose or objective of oparation) Authority (enter n ot parmit, 1ender, contract,

elc., il applicable)
DRI DG NEW wWhir S on 8 roaivods

Subject to the following conditions: (attach list If additional space I8 raquired)

1. You are reguired to malntaln the following fire-fighting equipment in serviceable condition on the gperation for the
purpose of fire control:

a) [ Fire extinguisher: (a minimum of 1 for each of the following and of the size spacified - must be ULG approved)

Bulidpzers Esch power saw Trucks Draglines

—_—— - ————— . —— e ——_— e —— e — e — e e e ]

Bkidders Loaders Slashers Other (Speo.)

by [J Other equipment;

foginasy - |PackPumps iShoves ~  [Other(spee)
Hose (lin. L) Palis Axes

c) ([} Spark errestors (one on each internal combustlon engine - must be serviceable, in Officar's opinion.)

2. This permit must be avaliable at all times on the operation site, produced at the request of an Officer, and may be
cancelled by an Officer without advance notice. :

3. %as per attached appendix dated —MD_%ZL,L

N@Tﬁ- ! AS PRR pPisceusSean WITK Tar/ORA. O/L. (77 —ﬂdwmé) |
o  [R3ATTEasr or TWIATAR SPATron) W% P)lsirdCn {~r |
5 YHAS & StéeTS . I gares Aol Pl TR THE ‘

[FLURYHAR.  Coren{Tlan) MAY APPLY.

** THIS PEAMIT AND THE RIGHTS AND PRIVILEGES GRANTED THEREUNDER ARE NOT TRANSFERABLE **
** PERMIT EXPIRES MARCH 31 UNLESS AN EARLIER EXPIRY DATE IS SPE_E!EJIE_D bl :

| hereby certify that the Information given 1o obtain this Dﬂf';ﬂ{;;:“ Signature thority
parmit is true and that | understand thaconditions set out 4 %
herein. r b‘ for Minister of Natural Resources ]
: ;Eip;ry bato 7 tssuthg District or Office |
| {yr/mofda) : !
( Not vaiid unless signefl by permiites or AUTRoriYed representative, /4 ﬁ ral /\..) Y

0606 MG 13161 @0 ST :
WHITE-PERMITTEE CANARY- BRANCH PINK- DISTRICT GREEN- REGION . i
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WS 1

Ws 2z

W3 3
WS 4

W3 b

W3S G

W5 7

W3 8

Ws 9

WS 1@
Ws 1
W3S 1z

WS 13

O APRR o 1y

O T4/06 [

WELL SITES

The maximum allowable size of clearings for well sites is 100 metres by
109 metres. :

No material is to be pushed into standing timber or streams, All leaning
trees are to be removed from standing timber by felling with a power
saw, limbing to lie flat and cutting into lengths not exceeding 8 feet in
length,

All merchantable timber must be salvaged by felling with a power saw,
limbing and skidding to a central location adjacent to permanent access.

Access for drilling will be via existing trail which aré not to be widened
for rig access purposes unless authorized by DNR.

Improved acceas routee will not ba considered until the well iz a proven
rroducer.

Access routes are to be marked indicating the company and well looation .

[aection/township/rengs] and telephone number of the well service
contractor.

All topseoil ie to be stripped off well sites and piled separately from
slash for future site reclamation projects.

If the well ia not productive, the aita is to be re-contoured, stored
topsoil is to be spread out and following aseading, the slash is to be
rolled back and spread on the site, Seeding ia to be done at a rate and
seed mixture designated by Regional wildlife ataff and be compatible
with area management objectives,

Slash 18 to be disposed of a3 prascribed by DNR and topsoil is to be
spread about on the g2ite and seeding is to occur. Seed mixture will be
determined by Regional wildlife staff and be compatible with area
management objectivas.

Alegal survey and site plan willbe required for all successful wells and
this informatvion supplied to the local Natural Resources officer who
will attach it to the relevant permits.

Site plans may be required for potential well =ites indicating cover
types, water courses, well locations, access and flow line locations.

Circulating tanks are required for sump fluids and. the fluids must be

hauled to a safe disposal site approved by the .
PatRebZam 1LSPRETERS

Sump locations must be approved by the Department of Natural
Resources,

Sump pits are to be fenced until elean up has been completed.
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WS 14 Bumps must be located in stable, impermeabls soil on the uphill 8ide of

8 leasehold. ——l
..—-r—*--'—-.ﬁ____'

WS 15 Sumps will not be allowed in porous soilas. Circulating tanks will be
required.

\

WS 18 Burn pits will not be permitted.

n

WS 17 Nodischarge of contaminants including salt water allowed on crown lands
: or on any eareag@ that could lead to surface or groundwater

contamination. All contaminants are to be removed from the gite and
disposed of AS *Lr QELizAaTENS

WS 18 Once producing, the site is to be reduced in size by allowing trees and
grass to re—establish on all but the access route and the actively used
area immediately surrounding the well.

W8 19 Any fences which have been damaged are to be repaired immediately.

WS 20 Weather permitting, all reclamation work is to be completed within 30
days of completion of drilling.

WS 21 All refuse is to be removed to a designated landfill site. None is to
be buried on site.
PRMoLIAmMm v ipherols ral!
WS 22° JZM{MAJ._QhﬂS_LEi,Z are to be notificd prior to lease
construotion, drilling, and any other facilit.v construction and
immediately upon completion. . '

WS 23 To prevent seepage which can cause environmental damage, an

. impermeable berm, dike or diversion ditch musat be conetructed around
the low aside of a leasshold to retain surface watar and other well site
fluids. This may be accomplished by gloping the ground toward the
centre on the uphill side of the lease.

Note: See section entitled Ganeral Guidelines fo'r possible additional
oconditions.

??/0@‘&7

13
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ACCRSS ROADS
AR 1 A legal survey is required for all access routes. Thia

information i{s to be provided to Regional wildlife staff and local NRO,
AR 2 Prairia trail access ghall be used.

LR 3 Proper drainage (determined by the Regional DNR staff) shall be
~incorporated into road construction ori the cut and fill slopes or in
‘ditehea to minimize erosion on the surface.

AR 4 ©Speclal erosion control measures will be required on cuta or fills
greater than 6 metres to reducs bank erosion, including such measures
as contour trenchea or terracing.

AR & All roads must be maintained in such a meanner as to allow proper
drainage and to prevent erosion (determined by Regional DNR staff).

AR 8 Unused roads will be either retired in a manner approved by DNR which
minimizes erosion or they shall be maintained for drainage to prevent
erosion.

AR 7 Nomaterial iz to be pushed into s't.anding timber or atreams. All leaning
trees are to be removed from standing timber using a power saw, limbing
to lie flat and cut into lengths not exceading 2.4m.

AR 8 All merchantable timber is to be salvaged by felling with power saws,
limbing and skidding to central locations along the access road. (See
previous definition of merchantable timbar.)

AR 9 Maximum width of the right-of~way for acoess routes is 15 metres. This
can be extended to 20 metres if the access route and the
flowlina/pipeline route follow the same right-of-way.

AR 12 Topaoilis t,0 be strippedoff the right-of-way and piled separately then
re-spread on ditches, backslopes and disturbed areas following
conatruction. Non-travelled portions of rights—of-way are to be
seeded at a rate of 25 kgs/hawith a seed mixture determined by Regional
DNR staff and be compatible with local managsment objectives.

AR 11 Slash from access route rightes-of-way is to be piled and burned.

AR 12 Crossings are to be installed on access routes as required to maintain

natural drainage patterns.

AR 13 All river and stream crossings will follow the Stream Crossing
Guidelines provided by the Manitoba Departmant of Natural Resources.

AR 14 Any fences which are damaged are to be repaired immediately.

AR 15 Weather permitting, all reclamation work is to be completed within 3@

14
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days of construction completion.

AR 16 All refuse is to be disposed of at a designat.ed landfill site and not
buried at _the construction site.
PrrEsacadum ISP ToS 1Y

AR 17 ~UIRARN  ph: 748 /SS7 are to be notified prior to work
commencing and immediately upon completion.

Note: The section on general guidalinea should be consulted for additional ‘

conditionsa.

L= =4

4/ o06/l7
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PF 1
BF 2

PF 3

PF 4

PF 5

PF 6
PEF 7
PF 8

PF 9
PE 10

PF UL

PF12

PF 13

PF 14

O 0

CPIPELINES and FPLOWLINES
A legal survey will be required for all pipeline/flowline routes.

The maximum width of all righta-of-~way for pipeline/flowlme routes is
15 metres unless otherwise authorized. .

No material is to be pushed into standing timber or streama. All leaning
treeg are to be removed from =standing timber by felling with a power
saw, limbing to lie flat and cutting with lengths not to exceed eight feet.

All merchantable timber ls to be salvaged by felling with a power saw,

limbing and skidding to central locations adjacent to access. Refer to
the previous definition of merchantable timber.

Topsoil s to be stripped off and piled aeparately from slash and apoil
rile for later use in reclamation. ‘

Following construction, topsoil is to be spread on the site and eeeding
done and the slash rolled back and spread along the line. (Note: If it is
aleo the access right-of-way, the slashwill bs disposed of.) Seeding is
to be done at a rate of 25 kg/ha and the mixture approved by regional
wildlife staff. \

If any stream or river is to be crossed the Stream Crossaing Guidelines
provided by the Manltoba Department of Natural Resourcas will be
adhered to. The use of ercaion centrol blankets is recommended,

When excavating a trench for the installation of a pipeline in the bed of
a primary or secondary stream or river the excavataed material must be
removed from the watercourse before backfilling.

The pipeline must have its location properly marked after burying.
Any fences which are damaged are to be repaired immediately.

Weather permitting, all reclamation work is to be completed within 30
days following completion of construction.

All refuse iz to be disposed of at designated landfill sites and not

buried at the conatruction site.

Pﬁrﬂm.-ﬁu M i inEcTen s o
nt : &8 are to be notified prior to work

commencing and immediately upon completion. The NRO in turnwill attach

this information to the work permit.

Preliminary wildlife census will occur prior to trenching or work.apace

_preparation to determine if raptor neata or denning sites are located
‘along the route. Time reatrictions may apply to reduce disturbance.

No off eite land clearing or wetland drainage to ba allowed by
independent contractors for the duration of the contract.

(=
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" PF 15 Tree replacement by off site mitigation in the form of tree planting will
be required if habitat fragmentation ia conaidered to be an important
factor. ' ‘ .

F.ag

PF 18 Pipeline work in wetlands must employ swamp mats. Wetland basina must
be re—contoured to allow basin to hold water after the work has been
complated. Upland nest cover should be replanted.

PF 17 For test water withdrawls, water intakes must be screened to avoid fish
impingement/entrapment. Withdrawls should not excesd 10% of the
inatantaneous flow of the water source. if withdrawla are from
wetlands, no greater than 20% of the water volume should be removed.

PF i8 Hydrostatic test water should only be discharged into natural
drainages after testing to determine presence and concentration of
toxlo subatances. Hydrostatic water can be used to recharge natural
wetlands with approval from regional DNR staff. '

Note: Consult the section on general guidelines for possible additional

%//oé//]
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i % Manitoba (\) Fee: No Charge
Work Permit L./ Natural Resources %’ Permll'No.’ WP 5589

g A
P I A o i - 2.
F-/LIL [l-¢%) 1. & & 25
This permit, lssued under the authority of Section€(1)(c) of The Crown Lands Act, and, subject to all Acts and regulations in
affect from time to time, OR, In the case of gther lands, under The Fires Prevention Act, aulhorizes

Nama of permiteg
" ) “. '. ./ " s -J .| - H—/}
WA Y A /) .]/ O i S ASFF). o e e e e v —— ——— o ]
v.l\—ddgsé (L ——[ _(L j - W—L e : hﬁ“ s T T Tﬂéﬁyﬁown Province J -
BoA L9 (ArRngE S St i
to carry out an opération on the following described m,crown {Manitoba) lands  [_JOther lands
| Gacideed o RG0S ]
tor (he purpase ol (descibe purpose or oblettive of aperation) gg???gg}iﬁaémtw [ o'I permit, l::dov. contract,
i"tf’ tf;'j/? o A-:,.u-,’f.—'\‘ g ren Sl F/_ Litad fove =% } (2 MR PN /:),?_‘n ey Aae o
Subject to the following conditions: (attach list if additional space is required) @MM&B&% der dmi{"é A dr s;"n{r:r':'
el e P s g Gl

1. You are required to malntain the foflowing fire-fighting equipment in serviceable condition on the operation for the
purpose of fire control:

a) [] Fire extinguisher; (a minimum of 1 for each of the tallowing and of the size specified - must be ULC approved)

Bulldazars Each power saw Trucks Dragtines
k. — it Caua ) m——— — —— — —— i e i — ———— ——— — it A Ak P s e R i e et — et
Skidgars Loadere Slashers Other {Spec.)

b) (] Other equipment:

lommasr” . |Peckeumps  [snovew _Jowerspee) ]
Haose (lin. 14} Palls Axes

o) L] spaik arrestors {(one on each Internal combustion engine - must be saerviceable, in Cflicer's opinion,)

2. This permit must be avallable at all times on the operation site, produced at the request of an Officer, and may be
cancelled by an Officer without advance natice,

3. {_] as per attached appendix dated ‘?‘?// //23
U

** THIS PERMIT AND THE RIGHTS AND PRIVILEGES GRANTED THEREUNDER ARE NOT TRANSFERABLE **
** BERMIT EXPIRES MARCH 31 UNLESS AN EARLIER EXPIRY DAT SEEC'I IED **

| hereby certify that the Informalion given to obtaln this ﬁ(”:f 'Sj:“‘ Signal ojASzding Authority
permit is true and that | understand pe Sgnditions sel out yrfmoerdn o

herein, . ( ??./”/# 3

for Minisler of Natural Resaurces
Expiry Dale Issuing District or Office
tyrrmolda)
T - = - A i
¥ parmittoe or aulhorizedepresentative. ? 5 /CJ _’)/,_?/ CARNDE
¥ M 1

. AM-OEME MG 1313 ';%1
. . _WMOAATE.DERMITTEE . SANARY-RRANCH . BINK-NISTRICT . GREEN-REGION
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APRPENDIX #1

CONDITIONS - WORK PERMIT #5689 (Refcr to map #1)

- Clearing of cutlines for the flowline between well 11-29
and bacttery 6-29 will fovolve some mature poplar clearing. The
right~of-way will be limited to one cat width through the bush.
Once the line is in, the debris will be spread back over the
cutline to make it impossible by veﬁicle traffic. Beﬁroleum
Divislon requires these liﬁes to be surveyed and a copy sub-
mitted to them.

- Hydro will be permitted teo well 10-29 oveér ground from
the east side source. Hydro from well 10-29 to 11-29 and
7-29 apd future demands will be underground.

~ Trenches for flowlines aod poverlines are dug Ly Eirst
clearing top sod ro one side then dig trench and lay the Jline.

Then, subsoil replaces and top soil and sod spread on sucface.

J OQ
P 4

Perfittec Qiguature

‘/]70‘1) 21 }C? Z)

y

Date
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ATTACHMENT NO.4

OPEN-HOLE WELL LOGS SECTION 29-9-25 W1M

Attachment 4
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FULL DIAMETER ANALYSIS
CURL ADTIuSTNe™NTY  — 007

1 ! I 1 Fermeability to Air

I ) ) _xamﬁacu” nm.:am,_u:w

|
Tample | et th f » 1Siasip) Millidarcus | Fera, | IForosityl Densituirda/md] (Frac of Pore Yolll
“uysber | Mptres (m} i Fer. llenathi__ o o o e tmmmcecme—c———— ccmen | X i Porosityl X I RInUARL CrpmanT
! | i | al Max., | aD 90 des, i [JURY | [ I ! » b Buly 1 Grasnt D1l 1 Wateri
COFE NO. | 1 623.00 m - 541.00"* (core received 18.40 m) 14 Houses)

- 6$623.00-22.%96 0.96 - - - - - - - - - - - dal anr

- 623.96-25.8B%9 .73 - - - - - - - - - - dal anhy |
ol 6$25.89~-05.99 .10 - 1.01 - - 0,101 0.09°2 o.ooon%)- 2710 0,072 0.345 1~ 1 #rs

2 G20 .99-24.17 0.20 .14 0.65 .52 0.2 0.130 0.092 0.018 2470 2720 0,251 6.1%97 l&a 1 rrv

3 626.19-26.34 0.17 .10 4.03 4.16 2.86 0.821 0.130 0.022 2370 2726 0.172 0,421 s 1 &=rw sy
P4 5626.36-26,44  0.08 - 5 4,31 - - 0.34% 0.118 0.009 gl - 2710 0.1346 0.385 15 1 srv

o 626 .44-26.5 0.14 .ao 2.73 2.2 2.28 0.382 0.127 0.018 2380 2720 0.141 0.474 1~ 1 ®rv Sv
Fob 626.58-26.47 0.09 - 3.17 - - 0.28% 0.140 0.013 - 2720 0,134 0.477 1s 1+ rrv @y

7 626.67-26.,92 0.25 10 0.468 0.68 0.47 0.170 0.12% 0,031 2380 2720 0,150 0.45% 1s 1 rprv anhs

8 626.,92-27.14 0.22 .16 4_ » 095 1.02 0.87 0.231 0.121 0.0273w2400 2730 0.162 0.393 ls 1 rrv

? 627.14-27.38 0.24 .paxqoﬁ 1.60 1.47 1.2 0.384 0.123 0.030 _2380 2710 0.180 0.358 1s 1 Frrv
P 50 $27.38-27.4% 0.11 1.82 - - 0,200 0.119 9%, oﬁuo.dO 2720 0.153 0.500 1s 1

11 627 . 49-27.48 0.19 .09 0.49 0.48 0.43 0.092 0,113 0.021 2430 2740 0.098 0.561 1s i rrv anhv
P12 427.68-27.82 0.14 - vnn.uu - - 0.185 0,138 0.01% o T 2710 0.188 0,467 1s 1
P13 627.82-27.95 0.13 - 446_ 2.0% - - 0.261 0.114 0. o~L - 2700 0.208 0.3464 1s 1
P15 $628.19-28.,30 o.11 - 0.95 - - 0,103 0.094 0.010 - 2700 0,222 0,353 1s 1

- 628,30-28.50 0.20 - - - - - - - - - - - ls anhy

16 628,.50-2B.49 .19 .10 0.39 0.3% 0.22 0,074 0,091 0.017 2480 2720 0.127 0,563 1ls 1 Frrv

17 4628.49-28.93 24 ,13 0.88 0.82 0,208 0.211 0.102 0,024 2450 2720 0,165 0.401 1ls 1 frrv

18 628.93-29.15 0.22 .09 11454 4.446 2.71 0.999 0.136 0.030 2350 2720 0,131 0.370 15 i Frv
P19 629.15-29.23 0.08 - xﬁo. 1.11 - - 0.089 0.121 0.010 Q&1 2720 0.1468 0.376 1s i
P20 629.23-29.35 0.12 -~ 1.20 - - 0.144 0,106 0,013 - 2710 0.1351 0.445 15 1

THESE NAALTSES: OPINIONS OR THTERPRETATIONS ARE DASED ON OBSERVATIONS AMD MATERTALS SUPPLIED BY THE CLIENT TO GHONS AND FOR WHOSE FXCLUSIVE AMD COWFISENTIAL USE: THIS REPORT IS
MDE. THE INTERPRETATIONS OR OPINIONS EXPRESSED REPRESENT THE DEST JNGNENT OF CORE LADORATORIES - CANADA LTD.(ALL EPRORS AND OWISSIONS EXCEPTER); WUT CORE LAPORATORIES -

n;rq-.iﬁus-naig.Elggsglgﬂgqaﬁ-ﬁaigﬂ.gg«ua.saz»ﬁmﬁﬂﬂ2:
ep.sﬁggéigﬂgﬂﬁigagagagg




CaSrATCHEMAN OIL AND GAS CORPURATION FORHATION LOWEK VIRKDEN FALLE <
Thi2GIL FT AL WIRDFEN PROV. 7-2°0-9-25 CORING EQUIPHENT DIAHOND FILE 70175-E5-1348%

FULLL DIAMETER ANALYSIS

I | Permeability to Air ] | ! IResidual Saturationd

| |
Deeth ] n 1Samplel Millidarcus | Perm. | IForosityl Densiluivd/m3! (Frac of Pore ‘ol}l
Hetres (m) i Rep. ilendthl oo o o o o e o o e e 1 X | Porosityl X e __ SR I VISUAL EZAMINATION
} i 1 oD Max. all 90 des. | al V | Y 1 | » i Bouly. 1 Grainl 011 | Water!
COKE NO. 1 CONTINUED
62%9.35-29.45 .10 - 0.146 an = - 0.016 0.072 0.007 - 2710 0.0461 0.562 1s 1
629.45-30.2 0.76 - - = ~ ~ - - - - - - ls anhy 4ol
£30.21-30.41 . 2 - 0.32 - - 0.064 0.095 0.9019 - 2710 0,074 0.679 1s i
$430.11-30.91 0.10 - 0.77 - - 0.077 0,111 0.011,; - 2720 0.130 0.444 1s 1
630.51-30,85 0.34 .14 14,7 14,2 13.5 4,998 0.145 0.049" 2330 2720 C.,16B 0.482 15 1 FFrv
630.85-31.04 0.1%9 .om>.w 4,99 4,72 4,353 0.948 0.154 0. oac?)auoo 2720 0.192 0,381 1ls 1 rFv
631.04-31.14 0.10 1.67 - - 0.147 0.117 0.012 2710 0.145 0,453 1s i
531.14-31.26 0.12 .08 0,09 0.07 0.01 0.01% 0,057 0,007 2540 24670 0.114 0.355 1s 1 rrv
631.26-32.2 0.95% - - - - - - - - - - - 1s anhy
432.21-32,41 0.20 .15 &6.07 4,23 1.14 1.214 0,088 ¢.018 2470 2700 0,123 0.352 1s 1 FrPrv sV
632.41-32.467 0.26 .11 20.0 B.15 6.49 5.201 0,112 ©.,029 2410 2720 0,133 0,344 1s 1 rFrv sS¥
632,.47-32.77 .10 - 126, - - 12.602 0.145 0.015 - 2720 0,153 0.477 15 i Frv
632.77-32.98 0,21 .12 L 2.0 10.4 12.3 2,%20 0.139 0.028 2350 2710 0.113 0,364 1l i rrv vfrac
432,98-33.08 0.10 b /w\/ 8.31 = = 0.831 0.117 0. DPJOIH-_OI 2720 0,113 0.501 1s 1 rpv
&uu-omiuuomﬂ O.ﬂw - 1.40 - . - O-Hmb OoHOH 0. 011 NQHO O-HHm 0.457 T 1 FFV
633.19-33.33 0.14 ,10 1.33 1.27 0.21 0.186 0.091 90,013 24460 2710 0.116 0.415 le 1 rFPv SV
633.33-34.71 1.38° - - - - - - - - - - - ls anhy
634.71-34.87 0.146 .11 ° 0.14 0.09 0.05 0,026 0.047 0.008 2570 2690 0.127 0.189 1ls i srv sV
634.87-35.01 0.14 - Ph 30 - - 0,462 0.079 0,011 -\ 2700 0.258 0.202 1s i
635.01-35.09 0,08 -~ 0.93 - - 0.074 0.070 0.0056. .-’ 2700 0,144 0.460 1s i rrv
635.,09-35.28 0.19 .08 4 1,48 1,39 0.74 0.281 0.070 0. OuuHJNLHo 2690 0,184 0.158 l= 1 rpv
$35.,28-35.38 0.10 - . 0.46 - - 0.046 0.054 0.006 2700 0.253 0.156 1s i .
$35,38-35.61 0.23 .12 M 0,28 0.27 0.19 0.064 0.051 0.012 2560 2690 0,162 0,138 1= i rrv sty
635.,61-35.71 0.10 - | 2.69 - - 0.265 0.067 0.007 - 2700 0,229 0.199 1ls i FFrv
63%.71-35.88 0.17 .10 0.48 0.40 0.21 0.082 0,065 0,011 2540 2710 0.141 0.243 1s i rrv sty frac

THESE AMALYSES) CPINIONS DR INTERPRETATIONS ARE BASED OM ORSERCATIONS AND MATERIALS SUPPLIED BY THE CLIENT TO WHOM; AND FOR WHOSE EXCLUSIVE AWG COMNFIDEMTIAL USE; THIS REPORT 15
MADE . TIE TNTEDOOCTATINNG NB NOTMTANG CYDECTLCEN DCDOCCINT TUC BECY MIMWGMENT NE CORT 1 ARNGATARIFS — CANADA | TRL{AI] FRENRS ANT NNESSTOANS FACFPTEMY: MIT CORF 1 ARORATORIES -



M AT SASKATCHEWAN OIL AMD GAS CORFORATION FORMATION LOWER VIRDEN FAGE 3
£ SASMOIL ET AL VIRDEN PROV, 7-29-9-25 CORING EQUIPMENT DTAMOND FILE 70175-ES5-T848%
FULL DIAMETER ANALYSI1IS
I [ I I Perseability to Air ! ] | IResidual Saturation
le | llerth I [ iSamrlel Hillidarcus Pera, | IPorosityei Densityikd/831 (Frac of Pore Vol)}!
er | Metres (m) I Ree. dlengthl o e X | Porositul X b e i WISUAL EXAMIMNATION
t I I 1 all Hax, | sl 90 ded, | al V | " | i » I Bolk | Grainl 01l | UWaterl
CORE HO, 1 CONTINUED

W3 635.88-36.11 0.23 .16 2.33 »r2.012 1.63 0.536 0.097 0,022 2450 2720 0.297 0.141 ls i rrv sv sty

.| 536.11-36.,21 0.10 - 11.4 - - 1.140 0.108 0.011 - 2700 0.311 0.200 ls 1 rRw

'S 636.21-36.33 0,12 .11 yuo.u .91 10.2 1,236 0.120 0.014 guumo 2700 ©.293 0.102 1ls 1 rrv vfrac

¥ 636.33-346.46 0,13 - Dv 4,94 - - 0.4642 0,108 0.014 -~ 2700 0,190 0,333 1s 1 rev

V7 636.46-36.95 0.49 ,22 2.89 2.71 2.06 1.416 0.120 o.ouoo.w;mo 2750 0,110 0.497 1s 1 rrv anhw

18 636.,95-37.2 0.26 .18 5.38 4,464 3.04 1.399 0.145 0.038B 2380 2760 0,255 0.358 1ls 1 rev anhvu

19 637.21-37.36 0,15 4,10 g.48 ?.28 5.25 1.422 0.126 0.019 2380 2720 0.274 0.292 15 i eev anbhw

30 637 .36-37.52 0.14 - 17.1 - - 2.736 0.144 0,023 - 2700 0.242 0,370 1s 1 gpv

1 637 .92-37.73 21 .09 14.0 12.9 ?.14 2,940 0,134 0.02 2360 2720 0.160 0.559 ls 1 rrv anhy hf

32 637.73-37.83 0.10 -~ 13.6 - - 1,360 0,104 0.010 - 2710 0.300 5,150 1ls 1 sprvw
637.83-37.89 0.06 -~ - - - - - - - - - - - 1s anhy

33 637 .89-38.01 .12 - 4,56 - - 0.547 0.105 0.013 ' - 2710 0.177 0.405 15 i
638.01-38B.04 0.0u - . - - - - - - - - - - anhy

14 638.04-38,3% 0,32 .15 10.6 10.5 10.3 3.392 0,136 0.044 2340 2710 0.260 0.304 1ls 1 rrv foss

- $38.36-39.07 .71 - - - v - - - - - - - - dol anhv lmy

35 639.07-39.22 0.15 -~ ) 6.21 - - 0.932 0.114 0,017 u%ﬁﬂobwmwpo 0.153 0.398 15 1 rrv

. 639.22-39.30 0,08 - Wi - - - - - - RS - - - dol lc anhy

w& OuﬂoNOlUQouM 0.0V = _. bom& - - o.uuo O-OQm O-OOVk - NNHO O.MQb O.NH& HW H
639.37-39.46 0.09 - - - - - - - - - - - l1s dol anhy

37 637 .446-39.346 0.10 - ¢ 11.7 - - 1.170 0.133 0,013} - 2730 0.273 0.222 1s i

18 639.56-39.79 0.23 .16 11.7 10.0 2.92 2,691 0.117 0,027 2400 2710 0.356 0.116 1ls i rrv sty

59 $39.79-40.01 - 0,22 .13 ! 24,3 15.9 ?.92 5.347 0,115 0.025 rNhMbhwwmoo 0,226 0,169 1s 1 rrv anhy fo

»O ~Z30.01-40.19 w 0.18 .13/ 37-5 37.5 20.1 6790 0,114 0.021 ﬁMNQOaawmeo 0.330 0.173 1s i rFrv hfrac

51 640.19-40.,26 0.07 1\\ 12.9 - - 0.903 0.084 o.ooa\ - 2710 +.188 0.330 1ls i repv

- 640.26-40.,29 0.03 - - - - - - - - - - - anhy

THESE AMALYSES: OPINIONS DR INTERPRETATIONS ARE BASETI NN GRETHUATINNG AND MATERTAIC CIIOP: TED RY THE £1IENT TN WHNK: AN END LUNCE TYM 1010 ANN FrAr TRENTTAI IOC: TUTE DEDAGT To
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Fermeability to
Millidarcus

Dengitulka/mll|

iResidual Saturaticni
(Frac of Pore Yol

Ul

SUAL

T3

©

flerth
Hetres (m)
COFRE NO. 1
&-&O-”O..hOobu

640.,47-40.49
640,49-40.67
640.67-40.78
640,78-40.94

640,
4641,
641,
641,
641,

94-41
04-41
12-41
15-41
31-41

04
12
15
31
40

[ {Sample|
Fer. ilLendthl!
f |
CONTINUED
.18 .08
0.02 -
0.18 .09 .0
0.11 - T\
0.16 .08
0.10 -
0.08 -
0.03
Q.16 -
0.09 -

2
S SR
003

.

—

(&)

P
~
0

[an I

rd

16

2.934

4,086
14,522
2.775
4,500
41.931

28,636

|Porosityl
FPorosityl X |

I [ |
0.108 o.o_mg
0.118 0,021
0.140 o.o»uf
0.126 0.020:
0.129 0.013,
0.171 0.014 )
0.167 o.oww\

Bulk | Graind
2410 2700
2380 2700
26920
D2IL0 2490
- 2670
e{é.ﬁ& 2700
- 2710

il 1 Waterl
0,233 0.152
0.202 0.150
0.225 0,172
0,256 0.1460
G.220 0.321
0.227 0.188
0.2246 0.132

1
daol

L PR
anh

1 FFy

1 mv

1 PRV

L mv

1 Frrwv

26y

1 FRY

arihy
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Sec ol Ly AT b g 01 AnD A5 CORFDREATION WELY. U o P 1 TN R S B R G P I S e
: : o FRUVENCE . nmatti{abas

»ROSTTY-METRES OF STORAGE CAFALITY LURT FOR ZFRVECIFD FORGSIT CUT G

Frgpa 1Ty MFTREES (CAFACITY METEE ChabSLT T Ak L TH

CUr nDffE 1 (151 LOUST %Xy REMAIMINRG  EEAATHTIHNG 3., ME ~ie NED A
D000 0.0 0.0 11.1 100.,0 SIS I A O
QL0220 0.0 P r T 11,1 100, 0 AT I O [N I

) DL0A0 H.0n 0.0, 11.1 100.0 ST U AR oty

DL.N&0 0.4 2.5 10.5 77,5 I T O DLt
0,080 1.4 &.7 Tl 7o.1 I R fro17:
. 100 I.5 a.1 R o B vLros SN
0,100 &, 1) 44,0 5.0 4.0 e las

2,140 7.5 g2.2 1.5 17.8 A I

0,160 10.5 4.0 0.2 1.7 nL1480

Q.180 11.1 100.0 0.9 0.0

TOTAL STORAGE CAFACITY 1H FOROSITY-METRES = .51

THESE ANALYSES) OPINIONS OR INTERPREVATIONS ARE. BASED DM gﬁg sgggmw BY THE CLIENT TO WHOM; AHD FOR WHOSE EXCLUSIVE AD CONFIDENTIAL USE: . THIS REPORT IS
MADE. THE INTERPRETATIONS OR OPINIONS EXPRESSED REPRESENT THE DEST ARGHEN] ﬁnﬁﬁ, [ABORATORIES - CAMADA LTD,(ALL ERRORS AND DMISSIONS EXCEPTED); BUT CORE LABORATCKIES -
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OILs GAS OR OTHER INERAL VELL OR S I COMETTION VITH WNICH SUCH REPORT 1S USED OR RELIED 70K,
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S

TATISTICAL DaTA FOR FOROSITY AND

SASLATLHFUAN OTLL AND GAS CURFUKATIUN

YIRUE f
MILLIDARCY?-ETRES OF FLOW CAFACTTY LUST F
PLRMEARILITY HETRES CAFACITY METRES
Y1 QFF 1 05T LO5T i) FEAATHNLING
0.00% 0.0 0.0 1i.1
0,010 0.0 0.0 .. 11,1
. 0,070 0.0 8,0, 11.1
0,039 0.0 0.0 : 11.1
0,078 0.0 0.0 11.1
0.15 0.1 0.0 11,0
0.312 .6 0.1 10.5
0.425 1.5 0.3 EAY-)
1.250 3.0 ) IS 5.1
2.5900 4.4 2.7 5.5
U. o.m .M-'C bom
10, 7.4 1i0.3 3.7
20, 7.9 26,2 1.5
490, 10.5 41.7 0.5
80O, 10.4 44,3 0.4
150, 10.8 59.8° 9.2
320. 11.0 76.1 ) 0.1
540, 11.1 100.,0 0.0

TOTAL FLOW CAFACITY 1H MILLIDARCY-HETEES (AR

FERMEABILITY HISTOGRAM

WELL

ohAasknn

FEOVIHLE: FMadlTOBEA

WFE SELECTH D

CAFALTTY
RERALNLHG

FEFMEARILITY

GEun
MR At

10,0
1090.0
100.0
100,22
100.0
1000
Ye.7
77,0
79.0
?7.3
1,0
87.7

el
LRV N )

S8.3
55.7
40.2
23.9

0.0

ITHAETIC?

=
J

7

— g N b Ll L L
~d
.

—

17.581
48,14
144.27%
136,03
2%4.08
524.10

175,46

DIRDFE ¢}

T Al
CUT OF
ME DT
A
J3.51
W..ﬂg_.
1.5
1.5
3.5
J.7.
-a-u.l-._.nu
7oAl
11.5%5
15.481
w&”-om.y
| WP I

TERY )
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ROV,

?
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SASKOIL ET AL VIRDEN PROV. 7-29-5-c L OATE

ELL
ELD

IOVINCE
JCATION

’n—'
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MANITOBA  DRLG FLD WATES c o COREs
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CORRELATION COREGRA PH
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RADIATION INCREASE MILLIDARCIES ERACTION
R o i . 100 4+ Depth
000 > 1.0 _1’ etars ‘?0 20 1_3

-__AP] UNIT .
6540 |1

L

i
i 620
‘
‘ —
pn—
)l ‘K__‘L‘ - -
4
A ==
= -
b S &
fngyeat . 630 . -
1 b ]. 11 ‘
1T
4T Rt E BRERRRES
T T 1T I ' —
] §aas an * ' -
I T i
T T 1
2 o o Sl GRS o=
— 1 E AP =
.t
— <] B HEREN -
W — r | T %
] et s NN I 1 | =
o= mnt 640 TTTITTIEE
T F—+— -
aamiiiiten ] TR
™ ] EREERERREE
: AR ! sagsigaasi)
I Inanasaaual)
‘ — T i N '
J[SUPERR IS S 1 U G N AUV SRS E
mrrT W' ! ! | (T T

|
wT'#H-_v—?—--w 7‘—T4!rtvf-f——*f — 1 U SEPRTE S
| i AN '
Tlryl-fnw — "'_T‘fTﬂ ot f P"—If—f"'ﬂ""r“f'—ﬁ-'ﬁf‘—;—ﬁk
o [ [ ’ ‘
Hoet —m b oep
Sy R S
T 650 T L
! | e Pl
- + ) TTY_;,,L‘., ; et e ——————
i s L
R | I sests amsan!
Tyt rT.-o-—uu—- ;. »{fq’-—,——- R L
ol T L '
+ ++ o LA + +
{I3RN Wil BER |
+ - - g — —+ -
l E i 'T'Y' i ! b T
1 irT P Lo L A L o — b e e —4
L L ! L
lTTf}—v | - wrerr + i T——v . St S St S
TR R T
P i |

Y

=
e o
(1

1
4

I

|

14l i b IL_]

—
.
.

—

-

]
-
=




|
I ™
| | »
B SERENS GINRR SR DO
T .
1 I g -
! — ) o
ra .
| L R
X/ ‘ - .
A A . a
b / }\ — - -
N | |
PiaS M — [
¥ |
x >\ i
N A P
N 4 -
> L/ b
VN N A I .
A, L. A ~—a X L L i
AT AT
X / . K
X X
x /P
—_—
/ {\\2/
K
X b r
X % Py 8
‘ M -
Y L/ [ M
L ) I
Ji R BN
JA-4 I
) / iy
P J ~
ﬁ
X
1/
X X |
f | PERMEABILITY VS. P
[’” BABKATCHEWAN OIL AND GASK
/ BABKOIL ET AL VIRADEN PRC
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/ ®23.00— 841.31 FILE 7C
/ Kmax ve Helium FPorosity
/I |
7
|
©.000 0.040 0.080 0. 1220 0. 160 o.200C ¢
POROSITY . FRACTION
r EQUATION OF REDUCED LINE RELATING PERMEABILITY (K2 TO POROSI
LOG (K] = (SLOPE(POROSITY) - LOG OF INTERCEPT
K = ANTILOG (SLOPE I POROSITY )+ LOG OF INTERCE®ST
RANGE SYMBOL EQUATION OF THE L.NE
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GR ¢GAP1Y 1 e —— NeWl _
0.0 150.00 . 43000 =-.1%00
......... } Y, | I NSO - —_— P 4 2 S
SENSOR MEASURE POINT TOD TOOL ZERD
$TSG ~-.28 METER GR 8.94 METER
NCNL 6.35 METER FCNL 6.35 METER
LITH «79 METER SCNL ~-.28 METER
LS .79 METER LL .79 METER
$s1 .64 METER Ly .79 METER
DTCL .79 METER sse .64 METER
DTPL .79 METER DTCS .64 METER
LLLC «79 HMETER DTPS .64 METER
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2000.0 0000 ‘
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0.0 10000. .20000 2000.0
Py > | e ——_—— R L D —
- 20000
SENSUOR MEASURE POINT TO TOOL ZERD
SPAR 9.96 METER se 9,96 METER
$10 4,33 METER $190 4.5% METER
SVYo 4.35 METER SV90 4.33 METER
D10 4.55 METER DIS0 4.35 METER
Dvo 4.353 METER IV90 4.35 METER
LLD 4.5%% METER TENS 4.33 METER
LLS 4.53 METER
]
PARAMETERS
NAME VALUE UNIT NAME VYALUE UNIT
BHS OPEN £s12 219.000 MM
25 200,000 MM Ry, Hmn
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CORE LABORATORIES

COMFANY

CAaNaDaAa » LTDLD.

SASKATCHEWAN OIL ARD GAS CORFORATION FORMATION LOWER VIRDEN PAGE )
WELL SALR0IL TT AL UIKDIN FROV. 10-29-9-25 CORING EQUIFMENY DIAMOND FILE 7008-86-91
FIELL VIRLEN, MANITOBA CORE DIAKETER.(aw) B9 IATE 1984 03 02
LOCATION LLD L(/10-29-009-2% WIN/Y

CORIMG FLUID

WATLR BASE MUD AHALYSTS BE

FULL DIAMETEK ANALYSIS

Coec

i | Fermeability to Air |

o
)ducr.d..{.qﬁ.:,?_J el Q - We

| I iResidual Saturaticn
IForositvl Dens:tlylbg/ml} (Frac cf Pare Yol)!
Forosityl P Ve I H

} |
“amrle lerth ] m iSamelel Millidarcys |
Yuaber | Melres g Pokes. dlenathi___ |
| ! ! | ol Hax. | aD 90 des. | all V !
CORC NO. 1 4146.00 1w - &ub.oo>u (tore rucveived

- $16.00-27,2 11.2 - - - -

i &27.,.29-27.,A0 0.11 .0Q7 1.20 1.07 0.79

- 427.40-27.,.47 .07 - - - -

2 627.47-27.8° 0.35 .14 Asl4 6.14 2.33

- 627.82-30.5 2.71 - - - -

3 630.53-30.44 0.13 .10 1.14 1.05 1.44

4 430.64-30.75 .09 - 2.14 - -

g 630.75-31.03 0.23 .18 J.59 3.34 3.40

- 631.03-31.93 0.90 - - - -

& 631.93-32,09 0.16

ﬂ &NM-OﬂINM.”m O-H&

m DNN-valuMoéu O-Hw

K4 632.43-32,59 0,164

10 632.39-32,73 0.14

11 632.,73-32.84 0.13

- &uwomwﬁlﬁhwoﬂw Ooﬂm

HH UNM.VVIWU-@N O.HO

13 633.837-34.15 0.2

||||||||||||||| VISUAL Exaritie
] m | Bulk I Grainl 011 Water|
) { 14 Bouxes)

- - , - - - ol armhy .mu
0.080 0.00v 24a9p 2700 0.071 0.584 1 FEV
0.08% 0.030 2470 2700 0.310 0.163 1 PPV mv

- - . - - - dul znhy
0.107 0.914 242p 2710 0.084 0.509 1 FEV mv o
0.130 0.012 - 2730 0.107 0.551 1 kpy
04117 0.033 24300 2720 0,120 0.5%5 1 PPV mv O

- - - - - ls del anhu

0.092 0.015 2470 2720 trace 0.820 l¢ i PrY Dol

0.105 0,017 2430 2710 0.160 0.349 15 i gpv ool
0.133 0.025 234C¢ 2710 0.064 0.723 15 i rev ool
0.129 0.021 2340 2710 0.090 0.657 1s i erv o0l
0.131 0.018 2340 2720 0.135 0.401 15 i rrv o001l

0.041 0.005 2580 7700 0.081 0.522 15 i ppv
- - l1s anhy
77 0.008 2500 2710 0.1%52 0.375 1s 1 rev ool
ouo.OMQMauomu»o o.»mbo.uwopmwvvcoow
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OROSIXITY FAGE 1

FILE: 7008-846-91

+ SASKOIL EY nL VIRIEN FROY.
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({ HELTUM )
FPOROUSITY FERMEABILITY AVEFAGES
AYVERAGE ARITHMETIC HARMONIC GEOMETRIC
0.1023 3.7 0.41 2.2

EQUATION OF REDUCED LINE RELATING PERMEABILITY(K) TO FDROSITY :

LOG(
K

RANGE

1

K) = (SLOPE)(I'ORUSITY) 4 LOG OF
= ANTILOG((SLOFE)(POROSITY) + LOG
LQUATION DF THE LINE
FERM = ANTILOG(( 0.24346) (PORDSITY)

IMTERCEFPT

OF INTERCEFT)

+ -2.146%99)
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Assignment of (/) Richlond Fie: 02

7 Crown Land Permit

“

L Lease 28 TLUA D itoba 1495 51 James Strecl m’
§ ML S Natural Resources winnipeg. Manitoba
szl o Matura ¢
Under The Crown Lands Act L ands A3H OW9 > )

THIS PAGE TO BE COMPLETED BY EXISTING PERMITTEE/LESSEE

ichland Petroleum Corporation Cit
| (WE) Richland Fet of the y
(or authonzed signing officer of company or argantzation) (City, Town, Communily)
Calgary Alberta

of

in the Province of MI8E0MENA, being holder of

{or signatory for the holder of) Lease/Permit No. ,,,EP 930003211 .

expiring _ P?E.eﬂb?f,,:ﬂj_l_ggéﬁ__b___ covering the following land: NE 29-006-25 WM

(Name of City, Town, etc.)

Permit l')escr@_t}on:ﬁ Part 1S IQ of Section__ZQW

dobhereby inconsideration of the sum ofS,,,l,'QQ._._.\ e Areceipt whereol is nareby acknowledged) and other

valuable consideration paid to me by Turldra__Qil. and Cai—“i

CName)

of __ . MWinnipeg - in the Province of Manitoba, hereinafter called
{City. Town. Community)

the Purchaser, assign all my right, title and interest in and to the said permit/lease to the Purchaser. | further
certify that | have not executed or done or knowingly suffered or heen party or privy to any deed or thing by
which the term of said permit/lease has been charged, assigned, encumbered, affected or impeached in title,
estate or otherwise however. (! haven't sold or mortgaged the buildings to anyone eise). | further cerlify that
allappurtenances (buildings, etc.) on the said fands have been granted transferrad, assigned and set over to
the said Purchaser.

Hurther certify that ail taxes, rents, and fees are paid in full.

Attachments (attach items checked):

Assignment Fee

Copy of my/our original lease/permit

Copy of receipt from local taxing authority

Copy of bill of sale for appurtenances on the said land
Copy of death certificate

Copy of grant of prehate /OR/ letters of administration

Letter from registered collateral holder regarding status of coliateral recording

OO 0o0oo0oog o s

Copy of approval and endorsed change or al(\aration in membership form under The Business Namas
Registration Act.

Dale C.J. Mennis
. Vice President, Land

vl e R

il —

¢ iDatd)

(Signatiire of Existing Permiiten Lessos)

C(Witnessy 7

(Signature of Exisiing Permitiee/Lessee)

e : IR
~ Assignmentifetattached:

OFFICE USE/ONLY::




#S PAGE TO BE COMPLETED BY PROPOSED NEW PERMITTEE/LESSEE

% 74 0il and Gas Ltd. Cofthe City

| (WE) .

Ty, Town, Community)
of __ Winnipeg

_ ______inthe Province of Manitoba,
{Name of City, Town, Community}

having read the terms and conditions of said lease/permit No. 3211 hereby consent and agree with the

Province of Manitoba to observe and performall said terms and condmons andto thgé,u gﬁthe slald (and for the
purpose of raintaining & operating an oil well site and oil pi Uehd for ho

other purpose without the express prior written consent of the Minister.

Existing Use To maintain and/or operate an 0il well site and oil pipeline associated with well site
| :

Proposed Use: To maintain and/or operate an oil well site and oil | pipeline ass associated with well site

Buildings: Existing _#__é_ﬁ___#____,i_______._________._____.___y__*___ﬁ
{Give number of huildings ang sizes of each)
Proposed . e T T
(Give size, type of construction, and valug)
Services: Access Hydro Telephone Water Supply and Sewage Disposal
Existing [ [ — [ I - e
Hequired [ I — _ - e -

|/\We reguest the permit/iease be registered in the following name(s)
Tundra Gil and Gas Led.

154 T ] T Llast S - 1 E — Middie (nogwlr—wm'éls‘; o

Address. %I;L(Eme T_ombard Place
1

" Boaial AddressiStrect Address/Section-Township-Range

Address . Minodpe I Manitoba *,._.‘Q_M‘a
154 City TProvince Postal Code
Occupation: e Telephone! . e —— S
Home TWork

1f Permit or Lease is to issue in more than one nhame, complete section below:

NAME o T T S U
5 Last First Middle (no initials)

Occupation/relationship to Applicant

Address (if different from above): . ——————— -

Specify: L] As Joint Tenants [ As Tenants in Common (] Other _.

~ispecify)
1t Permil or Lease is to issue in Name of Company or Organization, complete section below:

Registered Name. Tundra 0il  and Gas Ltd.

R el G 2 L N R A__bwﬂ.____rlAw o
Tundra 01l and Gas Led.

Authorized Signing Otficers:
/) S S
(Date)
M}gﬁLﬁoM,n/ %X UC*’ L"

(Witfess) @re of Proposed N Permittee/Lessee)
Note: This assignment deals only with the permit. If buildings are invoived in this transaction, it is suggested
that the purchaser consult his/her solicitor. ;

Municipal/Community Counci!l Resolution #

[J This assignment approved a‘s"su_.bmitted OR with the following changes/stipulations:

Registered as No, L—m (?{@

for the Director, Departthent of Natural Resources

- > 2 2 eV

~7 Date/initiafs




fnitnba

il €3 CROWN LANL PERMIT |

EFFECTIVE 1 AOM FEBRUARY

26 .1986 TO DECEMBER 34 .18846

s ()
8 S,%"ﬁ'i s s E
Aeluallvky o
TAXING AUTHORITY SIFTON NR REGION SU C(?,m ' o cammg;ﬁ 3
DEPAATMENT OF NATURAL RESOURCES, LARDS BRANCH BOX 2, 1488 5T. JAMES STREET, WINNIPEG, MANITOBA RIH OWe t%_)n Q}Q\J‘v
Yo -
goeezels
43975 8ASK OIL & GAS CORFORATION | PEAMIT NUMBER~Z
#.0. BOX 1550 F BoHO0032114
REGINA
SK Ch
CASH NUMBER
SA4F 3C4 6635
L_

IS AUTHORIZED UNDER  THE CROWN LANDS ACT AND REGULATIONS THEREUNDER, SUBJECT TO CONDITIONS ON
REVERSE SIDE, HEREUNDER OR ATTACHED, TO USE THE FOLLOWING DESCRIBED LAND FOR THE PURPOSE STATED BELOW.

{ EGAL DESCRIPTION OF LAND: 3~ TB3-5001053

LAND REF. FILE # AREA:
NE  SEC 29 TWE 009 RNG 25 W ,
FERMIT DESCRIFTION: PART LS 10 OF SECTION 9

AS SHOWN ON SKETCH/PLAN/MAP ON FILE IN THE CROWN LANDS OFFICE.

AUTHORIZED USE: To maintain and/or operate a (n):
OTL WELL SITE

SPECIAL CONDITIONS:

ANY CUTTING OF TREES AND CLEARING REQUIRES A WORK FERMIT FROM THE
L.OCAL NATURAL RESOURCE OFFICER.

2757

MG 19263 10M-056/85
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Reference: b R.

Fax No: (204) 945-0586

+
Date: 27 Tuww 9 Total No. of Pages: C’
(including this page)

FROM:
John N. Fox, P. Eng.
Petroleum Branch, Energy & Mines CeNTACT -
Phone: (204) 945-6574 Famst  wooRE
A4 2-2313 ‘
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Manitoba %’

Energy and Mines Petroleum 1385 Ellice Avenue Suite 360
Winnipeg MB R3G 3P2
CANADA

PH: (204) 945-6577
Fax: (204) 945-0586

February 10, 1995

Mr. George Czyzewski, P.Eng.
Senior Reservoir Engineer
Tundra 0il and Gas Ltd.

1111 - Cne Lombard Place
Winnipeg MB R3B 0X4

Dear Mr. Czyzewski:

Re: Reduced Spacing in the Routledge Field

This letter is to acknowledge receipt of your request for a
review of land issues involved with reduced 8 ha spacing in
Section 29-9-25 WPM.

Tundra has requested Lsd's 3,4 & 5 be posted for the May 3,
1995 Crown land sale. Asg part of land sale review, the
Department of Natural Resources (DNR) will be asked to
comment on conditions for petroleum development. We expect
the DNR's comments in early March just before the land sale
notice released. The Branch is also working with the DNR to
clarify the approval procegg and conditions for petroleum
development where the Crown owns the surface.

Section 29-9-25 WPM has sandy scil, natural areas and is
habitat for the endangered Spider Wort plant. It is
anticipated a development plan will be required before
additional drilling is permitted. The development plan
should include plans to minimize the impact of petroleum
development on:

- existing land uses

- indigenous flora and fauna

- aesthetic and scenic value of the land

- recreational uses
Based on previous discussions with the DNR on other
locationg, Tundra can anticipate scme or all of the

following conditions in a development plan: .

a) where possible, locate wells on agricultural lands;



b) conduct a survey of rare and endangered flora and fauna
and no surface disturbance will be permitted, where
endangered species may be effected;

¢) minimize surface disturbance and protect against erosion;

d) there may be times of the year when drilling is
regtricted; and

e) restoration and rehabilitation guidelines.
After the May 3rd land sale, if Tundra is the successful
bidder and still intends to pursue reduced spacing, we can

commence formal discussions with the DNR. If you have any
questions please don't hesitate to call the undersigned.

Yours truly,

John N. Fox, P.Eng.
Chief Petroleum Engineer
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I. Species Information
1. Classification and Nomenclature

The scientific name for prairie or western sgiderwort is
Tradescantia occidentalis (Britt.) Smyth. It is a member of the
family Commelinaceae in the order Commelinales. The name
Commelinaceae. comes from Johannes Commelin (1629-1692), who
was appointed to establish a botanic garden in Amsterdam in 1682
(Radford 1986, Bainhart 1965). The Commelinaceae is a medium-
sized tropical, subtropical, and warm temperature group preferring
damp habitats (Johnson 1985) It contains some 700 species
worldwide (Jones & Luchsinger 1986). The name Tradescantia
comes from John, the elder Tradescant (about 1580-1638), who was
chief gardener to Charles the First of England and one of the most
remarkable horticulturalists of the seventeenth century. He
“established coilections of living plants, natural history specimens,
Artifacts and curiosities at South Lambeth near London (Everett
"1981). He presumably had something to do with domesticating or
developing cultivated strains of the spiderworts (Johnson 1985).
His son, also John Tradescant (1608-1662), was chief gardener at
.. Lambeth to Charles Il of England (Bainhart 1965). Father and son
. travelled widely, the son to Virginia. The English private garden, the
- Tradescants at Lambeth, had early Virginian introductions (1620-
20887). Their collections became the basis of the Ashmolean Museum
‘at Oxford (Everett 1981).

The genus Tradescantia has 60 species worldwide, ali confined to
‘Wm}h.e Americas (Jones & Luchsinger 1986), with 20-22 species
,...oceurring in the United States (Lawrence 1951). The genus _

" Tradescantia was monographed in 1881 by the British botanist C.B.
Clarke (1832-1906) (DC. Monogr. Phaner. 3) (Bailey 1930; Stafleu
and Cowan 1981). Tradescantia is sometimes called spiderwort
because of the soft, stringy, mucilaginous material which can be
pulled from the broken ends of the stem. This material will harden
into a cobweb-like thread after exposure to the air (Jones &
Luchsinger 1986). Of the genera of Commelinaceae, only

Tradescantia extends indigenously into Canada {Lawrence 1951).

The species was first described by Smyth in 1899 in the
Transactions of the Kansas Academy of Science 16:163 (Gray
Herbarium Index 1968) Bernard Bryan Smyth (1843-1913) was an
Irish born American botanist, geologist and professor of botany at
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2. Description

Tradescantia occidentalis is a perennial plant with thickened roots.
The stem is erect, almost succulent, often branching, smooth,
glaucous, 10-50 cm tall, with 2-5 nodes. The leaves are alternate,
linear-lanceoclate, often folded lengthwise, 10-30 cm long, 4-12 mm
wide, the sheaths are inflated at the nodes to 2-4 times the width
of the blade and have prominent purplish paralle! veins. (Figures 2E,
5D)

The inflorescence is an umbellate cyme, few-many flowered,
solitary and terminal or with 1-2 peduncles arising from upper

- . nodes (see Figures 2F, 2G, 5E, 5F). Each inflorescence has two

elongate and divergent leaf-like bracts. The pedicels are 1-2 cm
long and glandular-hairy. The flowers have elliptical sepals that are

- 6-12 mm long, glandular-hairy, acute to acuminate, and the margins

are often purplish. The three rose to biue petals, occasionally
white, are broadly ovate and 7-15 mm long. (Figures 2B, 5F) Just
one flower in each cluster opens each day and lasts only a few hours
(ephemeral). (Figure 2B) There are six stamens with bearded
filaments, and the stigma is capitate, atop a very thin style. The
fruit is an oblong three-locular capsule, each locule producing 1-2
oblong seeds that are 2-4 mm long, ridged and pitted, and grey in

rcolour. . (Johnson 1985; Hrapko 1989) In Canada, flowering of

populations occurs mostly in late June and early July.

There are no other indigenous spec:es of plants with which to
"confuse Tradescantia occidentalis in its natural habitats in
southeastern Alberta and southwestern Manitoba. As a garden or
cultivated species the genus Zebrina, separable by its tubular.

_perianth among other things, has sometimes been confused with

Tradescantia by gardeners (Bailey 1930). In gardens, as well as
Zebrina pendula, some kinds of Commelina, Callisia, Cuthbertia,
Dichorisandra, Gibasis, Hadrodemas, and Selcreasea are frequently
mistakenly named Tradescantia (Everett 1981).

- The only other Tradescantia native to Canada is Tradescantia

ohiensis Raf. which is restricted to southwestern Ontarioc. 7.
occidentalis may be differentiated from T. ohiensis by its
glandular-pubescent sepals. The sepals of T. chiensis are glabrous
or merely bearded at the tips. Tradescantia ohiensis Raf, itself, is
rare in Ontario and Canada. The ranges of Tradescantia occidentalis



occidentalis and Opuntia polyacantha exhibited deiayed
development (phenological index). Overall the shortgrass plains
vegetation appears to be one of the most resistant community types
studied to date.

4. Distribution

The genus Tradescantia is confined in the wiid to the Americas
(Everett 1981). Tradescantia occidentalis , a temperate western
American species is common on the Great Plains of the United
States, from Montana to Utah eastward to western Wisconsin, and
southward as far as Mexico. Specifically, T. occidentalis occurs in
the following states: Montana, North Dakota, South Dakota,
Minnesota, Wisconsin, Nebraska, Wyoming, Utah, Colorado, Kansas,
Arizona, New Mexico, Texas, Wisconsin, Oklahoma, Arkansas, and

- Louisiana. (Map 1) In Canada, T. occidentalis occurs in southeastern
Alberta and southwestern Manitoba. Populations from southeastern
Alberta were first reported in 1986. The Alberta populations are

..-disjunct, 400 km from the closest populations in Montana. (Fernald

_ 1980; Anderson & Woodson 1935; White & Johnson 1980; Anderson &
. Sax 1936; Anderson & Hubricht 1338; Ramaley 1939) Fernald

. (1950) includes Manitoba in the range, but the first report with
citation of specimens for Canadian populatlons was given by Scoggan

(1957) in the Elora of Manitoba.

Precise locality data and land ownership, if known, is on file with
COSEWIC and the appropriate provincial/territorial jurisdictions.
This information is generally available unless the localities are
considered to be publicity-sensitive.

4.1 Alberta

The 1986 discovery site for T. occidentalis in Alberta, the first
report of the species in Alberta, is the Pakowki Lake Sand Hilis, a
dune area north to northeast of Pakowki Lake and about 13 km west
_of Manyberries. Since then two other colonies have been found

- nearby in the Pakowki dunes (1988) {Hrapko 1989). Detailed field
tnvestigation of all sand plains and sand hill habitats (34 sites in
total) in southern Alberta in 1987 found 7. occidentalis only in the
Pakowki Lake sand hills (Wallis and Wershler 1988)

There is another questionable location at Whiskey Gap (1987) but Dr.
W. J. Cody stated that the specimen, collected on May 30, was too

5



immature for positive identification (letter Ap. 20, 1989 from W.J.
Cody). Further visits to the site by Dr. George Scotter have not been
successful in relocating the species.

4.2 Manitoba

The only other known Canadian records for the prairie spiderwort
are in two sand dune areas in southwestern Manitoba (Hrapko 1989).

~ Prior to the mid-1950's, T. occidentalis had only been coilected four

times in Manitoba, 3 times from near Routledge and once from about
24 km northeast of Melita. Both sites were rediscovered in 1990

. (Smith and Lewis 1990).

During the summer of 1990, many other potential sites in the
Lauder, Routledge, and Oak Lake Sand Hills were explored for
spiderwort specimens. No other sites were located at this time.
(Smith and Lewis 1990)

My
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.4.3 Historical Populations of Unknown Status

Tradescantia virginiana L. cited from Winnipeg by Bourgeau (in
.Palliser 1863), is referable to Tradescantia occidentalis - as is aiso
the citation of Tradescantia bracteata Small from sandhills near
Routledge and Virden in an undated supplement to Lowe's 1943

sof,checklist. (Scoggan 1957) S Y

5. General Environment and Habitat Characteristics

Tradescantia occidentalis populations occur in the mixed grassland
(prairie) natural region in Aiberta and Manitoba. Western
populations are found in dry habitats, particularly in dune and sand
hill areas. The species appears to be best adapted to partially
stabilized sand in dune slack areas although it is also found growing
in active sand (Wallis and Wershler 1988, Smith and Lewis 1990)

5.1 Climate

- The Prairies Climatic Region, encompassing both the Alberta and

Manitoba populations, are characterized by low winter precipitation.
Soil moisture is not always restored to capacity in an average year
and water surplus averages only 7 mm. The southeastern Alberta



deltas has permitted modification of the surface by wind to form
parabolic dunes. These are characteristic of semiarid climates
where a partial cover of vegetation is present during dune formation.
Since the effective wind direction in southwestern Saskatchewan is
from the northwest, most of the present dunes tend to be oriented in
a northwest to southeast direction. Rates of movement of partially
denuded dunes reported in other areas vary from 2 to 22 ft. (0.6 to
6.6 m) per year. (Hulett et al. 1966)

5.3 Dependence on Dynamic Factors

Tradescantia occidentalis is restricted to sand dune areas. It~
appears to require some element of active (drifting) sand. Wallis
and Wershler (1988) suggest it requires active blowouts based on
" Alberta locations, however, the Lauder Sand Hill site in Mamtoba
was stable.
i T _
Annual water deficiency and wind ercsion cause considerable soil
I drifting in sand dunes. Populations of Tradescantia occidentalis are
dépendent, as are numerous rare, threatened, and endangered species
of plants and animals, on major active sandy areas which now have
been almost completely cultivated. However, Wallis and Wershler in
their study of sand dune areas in southerh Aiberta note sand dunes
iz’*'ére stabilizing and attribute it to lack of fire. Large areas of once
9'%5ctive sand have become stabilized over the last forty years.
(Wallls 1988)
op fir

~-f--5.4 Biclogical Characteristics

(& RLTAN : .
Alberta and Manitoba sites are located in the Western Grassland

1 'vegetation region in Canada, specifically, the mixed grassland

¥ natural region. Plants are perennials on prairies being composed
mostly of grasses associated with sedges, forbs, and a few dwarf
shrubs. Before European settlement, this vegetation occupied
valleys of southern interior British Columbia and much of southern
Manitoba, Saskatchewan and Alberta. The nature of grassland
vegetation depends on climate and soil. (Bird 1988)

'~ Sand dunes exhibit a range of habitats from active dunes to
stabilized sites with spear grass (Stipa comata ) and sand grass
(Calamovilfa longifolia ); a variety of fow shrubs, primarily
buckbrush (Symphoricarpos occidentalis ) and rose (Rosa acicularis



which are replaced by prairie. Both tall-grass and mixed-grass
species were extensive before settlement. Elm, ash, and Manitoba
Maple grow along stream courses, and oak grows cn dry sites. (Weir
1988)

The sandy hilis of the Manitoba sites immediately south of Routledge
are of low relief and covered with Populus tremuloides and Acer
negundo around the wet areas. Level areas have been cuitivated and
cropped. The Cak Lake area itself is a broad lake plain with bur oak
woodland at its northeast end. This area is adjacent to a provincial
park and cottage developments. The sand hills of higher relief (3-5
m) three miles south of the lake are probably beach ridges. The
sandy areas are mostly well forested and stable. The cnly bare sand
seen was in areas disturbed by road and pipeline construction
operations (pers. comm., Johnson, June 28, 1989).

Tradescantia occidentalis was discovered on a short, steep,
stabilized, southwestern running dune ridge, in the southwestern
Lauder Sand Hills, northeast of Melita (Figures 3A-3C). The dune
ridge flattens and disappears after approximately 1.5 miles. The
dune slopes and flats were partly open and very stabilized with
shrubs, from 1-3 feet in height, scattered throughout. Shrubs were
mostly represented by Rhus radicans, Prunus virginiana, and Rosa
sp. Ridge crests were characterized by scattered lone Ulmus
americana (Figure 3D). Other major species were noted as follows:
Stipa comata, Calamovilfa longifolia, Artemisia frigida and
Artemisia ludoviciana. Mamillaria vivipara was very noticeable

~i.along the ridge slopes. The primary upper slope association was

Calamovilfa longifolia/Prunus virginiana/Rhus radicans. Lower
rolling dune flats were characterized by massive Juniparus ,

« horizontalis beds associated with Campanula rotundifolia (Figure
3E). Tradescantia occidentalis did not occur on these lower slopes

- but was restricted to upper dune slopes and dune crests. The valleys
between the rolling dune edges were filled with Euphorbia esuia. In
some areas along the dune crests Euphorbia esula was actually
growing amongst the spiderwort plants. Tradescantia occidentalis
was restricted to the southwest-facing slopes as the opposite dune
slopes were heavily forested. (Smith and Lewis 1990; Figure 3F)

A second lecation in southwestern Manitoba, the Routledge Sand
Hills, was aiso rediscovered in 1990. This dune system was much
more extensive than the one found at the Lauder Sand Hills. The
Routledge Sand Hills dune ridge runs north-south for half its length,

10



Figure 1. Habitat, Pakowki Lake, southeastern Alberta,

Figure 1A. Loose sand, sage-grass association.

Figure 1B. Stabilized dunes, sagebrush-grass association.



PBBOWKi Lake Sand Hills, southeastern Alberta.

Figure 2.

dune.

Figurc 20. Habitat of Tradescantia, partly stabilized dune slope and plain.



Figure 2. Pakowki Lake Sand Hills, southeastern Alberta.

Figure 2F. Inflorescence, Tradescantia cccidentalis.

Figure 2G6. Inflorescence, Tradescantia occidentalis.




Lauder Sand Hills, southwestern Manitoba.

" Figure 3.

e

igure 3A. Dune ridge, scattered solitary elms, partly stabilized slopes.

Figure 2B. Dune ridge, scattered areas of open sand.
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the Kansas Medical College 1890-1895 and curator of the Kansas
State Museum Herbarium in 1885 (Stafleu and Cowan 1981).
Occidentalis is latin for west or western, a reference to its
distribution in western North America (Stearn 1966). Britton had
previously recognized the plant as Tradescantia virginiana var.
occidentalis Britton (Gray Herbarium Index 1968). Nathaniel Lord
Britton (1859-1934) was an American botanist, founder and first
director of the New York Botanical Garden (Stafleu and Cowan 1981}.
A variety scopulorum was described by Anderson & Woodson in 1835
in Contributions to the Arnold Arboretum 9:106. This variety had
prior recognition as Tradescantia scopulorum Rose. A variety
typica was also described by Anderson & Woodson in 1935 in the
same journal 9:101. There have been no taxonomic revisions of this
species documented since the 1930's. {Gray Herbarium Index 1968)

. Anderson & Woodson (1935) recognize two varieties of Tradescantia

' occidentalis; namely, var. lypica and var. scopulorum, in their

~ studies on hybridization in the United States. The two varieties

_differ on the following points. The sepals and pedicels of var.

., Scopulorum (Rose) Anderson & Woodson (formerly T. scopulorum

" Rose) are more or less glabrous whereas they are glandular-
‘pubescent in var. typica. The type of T. scopulorum was collected in

.. the Santa Catalina Mountains, Pima County, Arizona by Pringle in

[ 1884, The var. scopulorum is about as frequent and as widely

““distributed in Arizona as typical var. typica. (Kearney & Peebles

1969)

T. occidentalis is known to hybridize with T. canaliculata , a
southern United States species (Anderson & Hubricht 1938). Hybrids
formed with T. ohiensis have also been noted in the eastern United
States (Legeay 1968). In the genus Tradescantia one of the chief

- barriers between closely related species is differences in habitat
preference. These barriers have often been broken down as a result
of human activity such as construction of roads, railways, and
ditches. The more that natural ecological conditions have been upset
the greater would be the opportunity for introgressive hybridization
(Anderson & Hubricht 1938). However, hybridization in nature is
highly unlikely in Canada due to the large geographic separation of
the two species 7. occidentalis and T. ohiensis.



Plants on Sites 1 and 2 are restricted to dune ridge crests and upper
slopes. Plants on Site 3 extended from the ridge crest to the lower
ridge slopes. (Smith and Lewis 1990; Figure 4)

E. Rbutledge gand Hills, southwestern Manitoba (Figure 5, 6)

Tradescantia occidentalis plants on this site were generally very
tall, bearing many flowers per inflorescence. Stem number per plant
ranged from 1 to 6 with an average of 2 stems per plant. In total
1578 plants were counted. It was estimated that at least 100
. additional plants likely existed giving a projected total of 1650-
1700 plants for this site. This location contains by far the most
: ~ well established population of this species in Canada. Indeed, the
. m -  population may exceed 2000 plants if a more detailed count was
., ... conducted on all of the surrounding dune areas. Of this number only
"+ 8 dark pink and 1 light pink flowered plants were discovered (Figure
-5F). By far, the dominant flower colour was blue.  (Smith and Lewis

i

2.7 < Plants were scattered over a 1.5-2.0 mile stretch along a major
' V 3. @ dune ridge (Figure S§A). There were scattered plants on flatter areas
and on dune crests as well. Generally, the dune slopes were the
preferred habitat. Some plants were found growing on open active
sand in the scattered blowouts. These specimens were actively
colonizing the blowouts (Figures 5C, 5D). As well, patches of
spiderwort were found growing near heavily forested areas amongst
__ tall grasses. Plants found in this habitat had deep blue petals
#(Figure SE). A few plants (21 in total) were found on flat areas
3¢ surrounding the dunes. :
’ﬁ’ % “more detailed breakdown of the specimen count for the sand dune
i .. system is presented in Figure 6.

;*.}w _ Dr. HJ. Scaggan, author of both the Flora of Manitoba and the Elora of
45 ..+ Canada, the standard botanical reference warks on Manitoba's and

" Canada's flora, writes in the Elora of Canada as follows: "At

. Routledge an extensive colony of both purplish-flowered and
roseate-flowered individuals were observed by the writer in 1853."
. a - (Johnson 198S5).
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and Tradescantia ohiensis are widely separate in Canada, the latter
being a predominantly eastern North American species. (Argus and
White 1977; Keddy 1987). Tradescantia virginiana L. and Commelina
communis L. may occur sporadically as garden escapes in Ontario
and Quebec. This is the entire representation of the family
Commelinaceae in Canada. (Scoggan 1978).

3. Biological and Economic Significance

The family Commelinaceae is of little importance economically
except for several ornamentals (Jones & Luchsinger 1986). A few
members of 11-12 genera are grown to a limited extent as garden
ornamentals. Tradescantia is among these genera (Lawrence 1951).
Native species of spiderwort are appropriate for informal or semi-
formal native plant gardens. Generally the hybrids are the most
desirable hardy sorts. Nonhardy Tradescantias are highly regarded
as easy-to-grow greenhouse and window plants, the trailers
~suitable for hanging baskets as well as pots. (Everett 1981)

Although no data is available on the horticuitural use of T.

- occidentalis, specifically, several members of the genus

* Tradescantia are the common house and garden plants known as
‘Wandering Jews' or 'Spiderworts'. One of them, the Common
Spiderwort (T. virginica) is a native species occasionally seen in
flower beds in Winnipeg yards although its natural range is-
considerably to the south and east (Johnson 1985). The long hairs of
T. virginica are favorite objects for demonstratmg protoplasmlc
currents in the cells (Rendle 1963).

None of the Spiderwort Family are poisonous and most members have
been used as pot-herbs by various peoples at one time or another
(Johnson 1985). All the native Tradescantias have succulent stems
and leaves which can be used as salads or pot-herbs and are "rich
flavoured”, especially the Common Spiderwort (T. virginica)

(Fernald et al. 1950)

Stamen hairs in some strains of Tradescantia ohiensis (and hybrids
between Tradescantia ohiensis x Tradescantia occidentalis) mutate
from pink to blue if exposed to nuclear radiation, and have been
planted around a reactor site in Japan to monitor low-level radiation
(Smith & Smith 1980). Radiation damage research performed using
shortgrass plains vegetation in Colorado found that Tradescantia



Figure 5. Routledge Sand Hitis, southwestern Manitoba.

(L3

Figure 5C. Active blowout.

Figure 5D. Tradescantia occidentalis colonizing active biowout.




MAP 1 - Distribution of Tradescantia occidentalis (Britt.) Smyth
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Figure 5.

Figure 5G.

Routledge Sand Hills, southwestern Manitcba

Areas near fencelines, disturbed by grazing, partly denuded
of vegetation.
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tuphorbia esula (yellow flowered) invading Tradescantia
occidentalis habitat.




area has a greater average annual water deficiency than the
southwestern Manitoba area. (Sanderson 1988)

The climate of the mixed grassiand natural region is continental,
characterized by extremes in temperatures with warm summers and
cold winters. The mean annual temperature ranges from 6 C in the
hotter parts to 0 C in the cooler areas. The growing season is
relatively short, with an average of 105 to 130 frost-free days.
There is comparatively low annual precipitation, ranging from about
thity centimetres in extreme south-eastern Alberta and south-
western Saskatchewan to forty centimetres along the western and
northern fringes. Dry summers and winters are typical. Spring is
the wettest season with about two-thirds of the annual

precipitation falling as rain, the peak occurring in June. Because of
the warm temperatures and high average wind speed, the rate of
evaporation is high through the summer months. (Wallis 1982)

Alberta is in the northern cool-temperate zone. characterized by low
annual precipitation, high evaporation rates and fast runoff. These
factors lead to chronic water deficits in southern Alberta with
severe shortages in the short-grass prairie area. In southern

"« Alperta the mean temperature is -8 C in January and 20 C in July.

{Stamp 1988)

Nearly two thirds of the precipitation falling on the Manitoba sites
occurs during the six summer months, the remainder appearing
mostly as snow. The southwestern area of Manitoba has an average
100-day frost-free period. (Weir 1988) :

."..:5.2 Physiography, Hydrology, and Edaphic Factors

. The Alberta and Manitoba populations occur in sand dune areas of the
Interior Plains physiographic region. (Brookes 1988) The sand dune
-areas occurring in southern Saskatchewan are aeolian deposits
derived from glacial alluvial and lacustrine sediments. Glacia! ice
retreated from the region 10,000 to 13,000 B.P. Since the general
inclination of the land surface was to the north and east and the ice
obstructed water flow to the northeast, the melt water moved
southeastward along the ice front until it was impounded in one of
several glacial lakes. When it flowed into a lake the load capacity
of the water decreased. The larger particles {sand) were deposited
first in deltas, the finer materials being carried farther to be
deposited lakeward. Subsequent exposure of the sand in extensive

7



6.1 Reproductive Ecology

Tradescantia occidentalis is a perennial species. Sullivan and Daley
(1981) report that each section of the stem can develop roots and
make a new plant and they probably reproduce by this means as well
as by seeds.

All six stamens are fertile in Tradescantia. The style is terminal,
the stigma is generally capitate. The flowers are entomophilous.
Self-pollination may occur by the approximation of style and
stamens in withering. (Rendle 1963)

6.2 Population Ecology

- No information on Tradescantia occ:dentahs populatlon ecology was
found.

7. Land Ownership and Management Responsibility

. A Alberta

The Pakowki Lake site is on crown land which is leased for grazing.
2il hand ownership of the potential site at Whiskey Gap.is. unknown,
nei Although the site occurs on a ranch, it is not known if the area is
-+ part of a grazing lease (crown land) or is under pravate ownershlp

IEEC

B. Manltoba

The Lauder Sand Hills site in southwestern Manitoba lies within land
purchased for Wildiife Habitat, under the Manitoba Habitat Heritage
Corporation Wildlife Project (N.W. 17-5-25W) in co-operation with
the Manitoba Wildiife Branch, Manitoba Natura! Resources. (Smith
and Lewis 1990)

The Routledge Sand Hills site in southwestern Manitoba is mostly
under private land ownership. W.A. (Vanny)} Hellman Ent. Ltd. is the
landowner of the majority of the southern areas of the ridge system.
The remainder of the northern areas of the dupe system-is—cwned by
the provincial government and presently leased by a Mr. Cox. (Smith
and Lewis 1990)
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); tall shrubs, mainly chokecherry (Prunus virginiana ), silverberry
(Elaeagnus commutata ), and water birch (Betula occidentalis ) and
trees, including clones of aspen (Populus tremuloides ) and
scattered cottonwoods {Populus deltoides ). These dune areas
support some of the largest upland bird and ungulate populations in
the mixed grasslands, as well as some rare small mammals and
birds, for example, Ord's Kangaroo Rat (Dipodomys ordii ) and
Grasshopper Sparrow {Ammodramus savannarum ). (Wallis 1982)

The Pakowki Lake Sand Hills area, in southeastern Alberta, contains
many active blowouts but most of the area is at least partly
stabilized by vegetation (mixed grassland) (Figures 1A, 2A, 2C). The
jand has been used for grazing. (Hrapko 1989) The griginal colony
(Alberta) occurred in a sparsely vegetated and somewhat depressed
site among dunes. Slip faces of dunes immediately to the south and
north of the site and another dune with chokecherry thickets to the
west, provided some shelter but sand was actively being deposited
on the site during the very windy day of Hrapko's visit (Hrapko 1989)

..~ The southeastern Alberta population occurs in the mixed grassland
-, natural region populated by relatively drought resistant grasses

.»,;8uch as blue grama and spear grass (Bird 1988). The dominant
. associated plants on the Pakowki Lake site were as follows:

.o Koeleria macrantha, Rosa arkansana, Selaginella densa and .

o Artemisia ludoviciana  (Hrapko 1989; Figures 1A, 1B) Wallis and
Wershler (1988) states that the western spiderwort occurs where
there is 70% or more bare sand in an Oryzopsis hymenoides and
Calamovilfa longifolia community associated with species such as
Arternisia campestris, Rosa sp., Helianthus sp., Corispermum sp.,
Franseria acanthicarpa and Heterotheca villosa. Also present were
Stipa comata, Mamillaria vivipara, Opuntia fragilis, Thermopsis
rhombifolia and scattered Prunus virginiana (growing to 15 feet in
height). Plants were scattered over the leeward area of the partly

. stabilized dune and on the flat sand plain at the base of the dune
ridge. (Smith and Lewis 1990; Figures 2G-2E).

One questionable discovery at Whiskey Gap was in a rough fescue
grassiand habitat (J.D. Johnson, letter to W.J. Cody, 1989).

The prairies of southern Manitoba are true prairies with pluestems
and porcupine grass forming the dominant species (Bird 1988).

Southern Manitoba's natural vegetation is open grassland and aspen.
In the south, high evaporation rates discourage the growth of trees

9



8.2 Cultivation

All Tradescantia are free growers, propagating with ease from
cuttings of the growing shoot (Bailey 1930). Division is the most
common means of multiplying hardy spiderworts. Keep the soail
moderately moist, somewhat drier for those with very thick stems
and foliage and for those that are decidedly hairy. Also, do not
splash water on the foliage of such kinds and keep the atmosphere
somewhat drier than for non-succulent hairless sorts. (Everett
1981)

Tradescantia occidentalis may be propagated by seed with no seed
treatment required (Texas, New Mexico, North Dakota data). As well,
it may be propagated by root cuttings (North Dakota data) or stem
cuttings (Texas data). (Sullivan & Daley 1981) Tradescantia
chiensis is easily propagated from seeds or divisions. Moist
stratification is required. (Smith & Smith 1980)

,--The hybrids of Tradescantia succeed with little attention in

. -, ordinary soil, in light shade or sun, and seem to give the best results
-if the ground is on the dry side, rather than as moist as their parent

. species favour in the wild. The hybrids are the most desirable hardy
. sorts for natlve plant gardens. (Everett 1981)

Jtﬁa C
g ‘83 Current Management Pohcues

The Pakowki Lake site (Alberta) is on crown land and is presentiy
under a grazing lease.. .

.The Lauder Sand Hills site (Manitoba) is presently designated as
Wildlife Habitat by the provincial government. The site is afforded a
measure of protection. A feedlot (heavily eroded to bare sand)
borders this site. The feedlot landowner stated that he had
requested the Manitoba government's permission to graze cattle on
the Wildlife Habitat land but was denied access. It would seem that
this site is protected to a certain extent aithough the full nature of

this protection is not fully understood at present. (Smith and Lewis
1990)

The majority of the Routledge Sand Hills site (Manitoba) is presently
under private ownership. The landowner stated that he had
particularly purchased this dune system as a means of preserving it
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then east-west for most of the rest of its length before turning
north-south again at its termination (Figure 5A). The main ridge is
steep and partly to mostly stabilized although there are areas of
active blow-outs along its length (Figure 5C). West-facing and
north-facing slopes are mostly open although studded with Uimus
americana and Quercus macrocarpa along its length (Figures 5A,
5B). The other side of the ridge system is covered in a mixed
deciduous forest composed of Quercus macrocarpa, Prunus
virginiana, Acer negundo, Populus balsamifera, as well as scattered
birch and aider. Areas to the west and south have been lightly
grazed (Figures 5B, 5G). The dominant shrub association along the
partly stabilized dune crests and ridges is Rhus radicans/Prunus
virginiana/Rosa sp. . Herb associations on dune crests and slopes
consist of Stipa comata/Calamovilfa longifolia/Koeleria
cristata/Lygodesmia juncea. Patches of Juniperus horizontalis,
Arctostaphylos uva-ursi and Campanula rotundifolia dominate
areas along the dune slopes were spiderwort does.not occur.

. Euphorbia esula is rather common especially on ridge crests of
.blowouts associated with elm and oak trees. (Smith and Lewis.
.1990; Figure 5H) :

6. Population Biology and Ecology
*A. Phenology |

Flowering occurs mostly in early July. On June 11, 1986, the
spiderwort plants were mostly in bud on the Alberta site, with only
a few of the flowers opening. On return to this site on July 19,
1986, all the plants had mature fruits with good seed production.
Wallis and Wershler found the plants in full flower on July 5, 1987.
(*) Smith and Lewis (1980) found the plants on the Alberta site in
flower on June 21, 1990. Flowering had already finished on several
stems. The spring and summer of 1990 were much wetter than is
usually experienced in the area. Plants at the Lauder Sand Hills site,
" northeast of Melita, in southwestern Manitoba were just coming into
flower on June 26, 1990. Most of the plants were in bud at this
time. A number of specimens had not produced any flowers. Plants
at the Routledge Sand Hills site, southwest of Routledge, in
southwestern Manitoba were about 25% in flower on July 1, 1990.
Most plants were well along in the budding stage by this time.
(Smith and Lewis 1990)
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The main limiting factors affecting Tradescantia occidentalis are
its natural narrow preference for unstabilized sites within dune
fields and loss of natural habitat through management intervention
as a result of grazing and fire control. it would appear unstabilized
sites within sand hills depend on a continued regimen of grazing and
fire working cooperatively. A management dilemma presents itseif
as the increasing pressure of grazing by livestock is causing a
deterioration in the Mixed Prairie Grassland surrounding azonal
areas such as sand hills.

9.1 Conversion to Tame Pasture and Cropland

More than two-thirds of the Mixed Prairie Grassland region has been
destroyed by cultivation. Some clearing continues but it is not as
pervasive a problem as in the Parkiand Region. (Wallis 1987)

The proportion of farmiand occupied by rangeland declined from 53%
to 41% between 1956 and 1981 in Alberta (Mixed Prairie Census
Districts). About one-third of the disappearing rangeland has been
converted to seeded pasture in the Mixed Prairie Region of Alberta.

. The area of uncultivated grassland in Saskatchewan and Alberta is

declining at a rapid rate. The surviving untilled area contains a
smaller proportion of typical grassland and a large proportion of

.~.azonal types (saline flats, sloughs, sandhills, badland) as time goes

by, because the typical upland situations are- being converted to
cropland. . (Coupland 1987) Based on the experience in the United

- States with sand hill areas, the potential for cultivation exists but
;- has not been developed to a significant degree in Alberta (Wallis
v 1987).

9.2. Dune Stabilization

Rare, threatened and endangered plants were studied to map
distribution and assess the degree to which dune stabilization was
occurring and how this was affecting native plants. While the exact
mechanisms are unclear, it appears that large areas of once active
sand have become stabilized over the last forty years. If the current
trends continue, rare native plants which now have dangerously low
populations could be eliminated entirely. The active sand surface of
some dunes in the Pakowki Lake area has been reduced by 50 to 75%.
(Wailis 1988) Continued stabilization of the dunes at Pakowki Lake
would likely be detrimental to the long-term survival of
Tradescantia occidentalis (Wallis and Wershler 1988)
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Figure 2. Pakowki Lake Sand Hills, southeastern Alberta.
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Figure 2A. Active leading dune overlooking Tradescantia habitat.




was not listed as occurring in foose sand and blow-out communities.
This early data would apparently contradict to some degree the
present preference for recently destabilized sites within sand dune
communities.

David (1971) dated periods of dune activity in southern Manitoba by
radiocarbon dating buried soil profiles. He found six periods of
major dune activity which were associated with major droughts.

- The earliest recorded active phase ended prior to 4000 B.P. with
vegetation stabilizing the dune surface after the end of the Atlantic
dry period. Another active phase occurred between 3700-2500 B.P.
It ended when the regional climate became more humid. Four active
periods followed, ca. 2100, 1500, 800 and 400 B.P. The earliest

- ‘oceurred during a period of generally sub-humid regional climate and
likely was the result of a local drought. The rest occurred during

< “major changes of regional climate. (David 1971; Bryson et. al.; from
Epp 1980)

3l There have been periods of dune stabilization in southern Manitoba
_prior to 4000 years ago but none of the soil profiles which would
have been formed have been found. Either such stabilizations have
’ﬁgt occurred or subsequent sand movement has destroyed the

o évidence of them. (David 1971 from Epp 1980)

]
frin

®n-addition to dune -activity, dune size also is an important factor in

the response to climatic change. Dunes less than 6 metres high
become active only during major periods of drought while larger

™bnes are affected by droughts of both minor and major intensities.
(David 1971 for Epp 1980) Extensive dune activity occurs only

during major droughts except in areas which contain very large
dunes. (Epp 1980)

9.3 Grazing and Fire Control.

- The large tracts of uncultivated grassland east of the mountains,
‘ mostly community pasture or crown land leased by ranchers, are
grazed by domesticated livestock (Bird 1988) While the dynamics of
dune destabilization are poorly understood, a consensus is emerging
that it is a combination of fire and grazing during appropriate
seasons that keeps blowouts active. Dunes have been stabilizing in

the Middle Sand Hilis where there have been repeated fires but little
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Figure 2. Pakowki Lake Sand Hills, southeastern Alberta.

Figure 2E. Tradescantia occidentalis , partly stabilized dune plain.




In places it extends over the dune crests into western spiderwort
habitat. In one spot, leafy spurge actually grows intermixed with
spiderwort plants. So far, Tradescantia occidentalis appears to be
unaffected by the spurge. There may be a potential loss of habitat
should the leafy spurge overtake any substantial part of the open
dune ridges. (Smith and Lewis 1990)

9.5 Petroleum Exploration and Extraction

The Routledge Sand Hills site (Manitoba) lies within a petroleum
field which is presently being developed. Many active wells were
noted in the northern areas of the sand hills. Development of access
roads to potential wells, exploration by seismic crews, development
of well sites, and potential revegetation with non-native species
could all become issues should petroleum development extend into
the southern regions of the dune ridge system. Any negative effects
of such procedures would be greatly elevated since the Routledge
-~ Sand Hills site contains by far the best population of Tradescantia
‘occidentalis in Canada. There are only 276 specimens at all other
known Canadian sites compared to 1700+ specimens at the Routledge
site. The present landowner of the southern dune ridge system. has
expressed concern and an unwillingness to have his land subjected to
‘petroleum exploration "and development. Affects of such practices
“15on both the crown land to the north and this southern area should be
S Tgiven grave consideration given the importance of this site as rare
“plant_habitat. (Smith and Lewis 1990) I

10. Present Legal or Other Formal Status

No specific legal status is accorded Tradescantia occidentalis in

any part of Canada. Alberta has no legislation which covers plants
or endangered species.

In Canada, Tradescantia occidentalis naturaily occurs only in the
extreme southeastern corner of Alberta and southwestern corner of
Manitoba ( Map 1) so it is considered rare from a national
perspective. White and Johnson (1980) identified Tradescantia
occidentalis as rare in Manitoba and Hrapko et. al. (1988) and Wallis
and Wershler (1988) identified it as a potentially endangered
species in Alberta. While it is widespread in the United States (Map
1) it is represented by only two populations in Manitoba and is
somewhat disjunct at its Alberta location.
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B. Pakowki Lake Sand Hills, southeastern Alberta (Figures 1, 2)

Tradescantia occidentalis is restricted, in Alberta, to the Pakowki
Lake area (111 longitude, 49 approx. 10' to 48 approx. 20

latitude). The Pakowki Lake Sand Hills cover a surface area of 49 sq.
km. or 19 sq. miles in the mixed grassland area of southeastern
Alberta (David 1977 from Hrapko 1989).

At the Pakowki Lake site, about 50 individuals were seen in 1986
but only 15 individuals were found in 1987, a much drier year
(Hrapko 1989). Population sizes were 2, 1 and 12 at three sites
situated close to one another. Only 15 had been found in 1987
despite intensive searching through all active dune areas and many

stabilized dune areas at Pakowki Lake. (Wallis and Wershier 1988)

In 1990, a much wetter year, 210 individua! plants bearing 1-6
stems per plant (2 stems on average) were counted. All flowers

- were blue. Each inflorescence contained many flowers (Figure 2E-

- -2G). The plants were found in an area covering approximately 100 m
. X150 m on the leeward side of a partly stabilized dune and on the
f:"--'-sand plain at the base of this dune. (Smith and Lewis 1990; Figures
-+ 2C, 2D)

C. Whiskey Gap, southcentral Alberta

,"One population may have been discovered at Whiskey Gap (49 01',
113 5-017) but, as a result of its immature stage, identification may
d Ee questionable (W.J. Cody, letter, April 20, 1989).

.D. Lauder Sand Hills, southwestern Manitoba (Figure 3, 4)
: ' Plants were found scattered on mostly stabilized steep dune upper

~ slopes and crests in three sites along a distance covering
. approximately one mile. (Figure 4) The population was distributed

as follows: Site 1 - 21 plants (1-3 stems per plant), 3/21 had 'deep
pink rather than the typical blue petals. Site 2 - 22 plants (1-3
stems per plant), 2/22 had deep pink petals, 1/22 had light pink
petals. Site 3 - 23 plants (1-4 stems per plant), all had the typical
blue petal colour. Total: 66 plants {(1-4 stems per plant) - 5/66 had
deep pink petals, 1/66 had light pink petals, 60/66 had blue petals.
(Smith and Lewis 1990)
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- h.abﬁat_dmm_b_u_tm (restrlcted in Canada Alberta and Manltoba)

Il. Assessment of Status

11. General Assessment

The following criteria have been used to assess the status of
Tradescantia occidentalis in Canada:

taxonomy (7radescantia occidentalis is the only representative of
the family Commelinaceae and genus Tradsscantia in Alberta and
Manitoba. As well, there is only one other species (Tradescantia
ohiensis} , itself rare in southern Ontario, of the genus found in
Canada.) .

abundance (Alberta population is estimated at less than 210
individuals. One site in Manitoba contains less than 70 individuals
while the population of the second site is estimated at
approximately 1700 individuals.)

distribytion (restricted in Canada to southeastern Alberta and
southwestern Manitoba; known to occur in only one active dune in the
- Pakowki Lake dune complex and two sand hill areas in_Manitoba,
namely. the Lauder and Routledge Sand Hills.)

hab_uaLs_tab_u_Lm (unstable, ongoing loss of sites and habitat
through grazing and fire control)

. Ropulation trend (only recently discovered in Alberta, appears

, stable or mcreasmg but too early to recognize trends. Rediscovered

in Manitoba in 1990 after nearly forty years, too early to recognize
trends.)

reproductive potential (moderate, given habitat restructuring)
- internatiopal standing (unique in North America, not

internationatly)

protective status (low, no formal designation, uncertainty about
future landowners and management of grazing leases)
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Figure 3. Lauder Sand Hills, southwestern Manitoba.

Figure 3D. Elm, left backgrcund, poison ivy-grass habitat, dune slope.



Map 2A. Critical Habitat of Tradescantia occidentalis (Britt.) Smyth

Pakowki Lake Sand Dunes, southeastern Alberta
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Figure 3. Lauder sand Hills, southwestern Manitoba.

»=figure 3E. Surrounding Yower dune plains, Juniperus horizontalis
(darker green) beds.
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Figure 5. Routledge Sand Hills, southwestern Manitoba.

Figure 5B. Fence and lower slopes of dune ridges.
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Figure 5. Routledge Sand Hills, southwestern Manitoba.

Figure 5E. Tradescantia occidentalis inflorescences,

Figure 5F.

Tradescantia occidentalis inflorescence,
Type near forest edge,

pink-fTowered type.
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Hill complexes should be protected as potential habitat (Maps 3A, 4)
(Smith and Lewis 1990)

14. Conservation Recommendations

Detailed recovery and monitoring plans should be prepared for
Tradescantia occidentalis in an attempt to reverse the trend
towards loss of habitat. ~ There must be a clear recognition of the
value of actively eroding sands for rare plants and animals. Changes
in grazing patterns and attitudes to the use of fire for grassiand
management are essential if the full range of environmental
diversity in Alberta’s sandhills and sand plains is to be protected.
(Wallis 1988) :

Selective destabilization of parts of some dunes may be beneficial
. to this species over the iong-term {Wallis and Wershler 1988).
~“Collection of seed and research into the biology of, this species could
“%4" useful”in attempts to establish other, populations in the Pakowki
Lake North dunes (Wallis and Wershler 1988). i

N r'I‘he necessity _flo_r"a'con,troi plan for guphOeré psula for the
" Manitoba sites 'should be studied. *As well, grazing practices in the
Lauder and Routiedge Sand Hills should be monitored. The protective

Status. accorded the Routledgs, Sand Hills, site regarding the
f) &ibility of petroleum 'explorati‘on’ and f“xt'ractipjh’ should be - -,

clarified.



Figure 6
Routledge Sand Hills, southwestern Manitoba
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8. Management Practices and Experience

Mixed prairie is so named because it includes both mid and short
grasses. This the most extensive grassiand region found in North
America. The area of uncultivated mixed prairie is declining rapidly.
Some 23% of the rangeland still existing in 1956 had been plowed by
1981. Much of the remaining rangeland exists in areas unsuitable
for cultivation. At the same time, greatly increased grazing
pressure on the remaining rangeland has changed the plant
composition in all types of habitats. About 24% of the origina!
mixed prairie remains in its native state. One national park,
Grasslands National Park in southwestern Saskatchewan, several
provincia! parks and natural areas exist within the mixed prairie
zone, but further protection is necessary. (World Wildlife Fund
1983)

Native grasslands continue to be broken and seeded to tame pasture
and crops. The majority of short-grass and mixed-grass prairie has
been lost or converted in Alberta. Within the grasslands natural
area several major sand dunes have also been mostly lost through
cultivation. A southern Alberta study of rare wildlife and plants in
sandhill and sand plain habitats indicates that these areas contain a

Yeoncentration of significant features, including numerous rare,

threatened, and endangered species of plants and animals. (Wallis

-and Wershler 1988) Loss of primary habitat as well as destruction

.~ of specific habitats via stabilization of active sand has contributed

to a weaker position for the rare entities within these areas.

8.1 Habitat Management

- The grasslands natural region in Alberta is considered to be among

the most threatened of Alberta's natural regions. They are being

" lost or converted at an extremely rapid rate. (Wallis 1987) Several

major sand plains have been almost compietely cultivated and a
major threat to the remaining habitats exists. Alberta is not alone
in the problem of loss of active sand habitats. Nebraska sandhili

- plants have been placed on the United States endangered species’

-list.  lronically, stabilization of the active sand was seen as good

conservation practice. Land managers went to great lengths to
stabilize active blowouts, extinguishing fires, modifying their
grazing patterns and even placing old tires in the blowouts. (Wallis
1988) This needs to be studied.
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in its original state. The landowner had contacted the Nature
Conservancy regarding solidification of conservation status for his
property in perpetuity and was informed that he was already
conserving the area in the best manner possible. Management
policies for this property appear to consist of a hands-off approach
with some possible light grazing and use of the area for hiking in
summer and cross-country skiing in winter. A desire to control
potential development of the land for petroleum extraction was a
primary concern expressed by the landowner.

Management policies for the northern portion of the dune system
(owned by the Manitoba government), presently under lease, are

unknown. There has been active exploration and development of
petroleum extraction in this area.

9. Evidence of Threats to Survival

The Grasslands Natural Region is one of the mbst threatened natural
regions in Alberta. Over two-thirds of the Mixed Grassiand has been

= 4 lost to cultivation or other development. (Wallis 1987) Many major

sand plains (critical habitat for Tradescantia occidentalis ) have

<= been lost and many others are threatened (Wallis 1988). Critical

habitat is defined by Wallis (1987) as "most crucial to the survival
of population, species, races or form. When these critical habitats
are disturbed there will be major effects on the plants and animals
that depend upon them." Over half of the birds and mammals now
listed by COSEWIC are found in the three prairie provinces as a
result of habitat loss in Western Canada (Hummell 1987). The
government of Alberta has priorized the threatened grassland region
for representation and protection in the form of ecological reserves
but overail representation of ecological reserves in this region of
Alberta is very poor to date.

In Aiberta, about 20% of the rare plants in the grassland and
parkland regions are found in sandy soils, principally in sand hill
areas. Sand hill areas are locally distributed, and diverse sand hill
areas are rare. Principal threats to these habitats relate to cattle
grazing and invasion of non-native species as a result of vegetation
reclamation along oil and gas access roads and well-sites. (Wallis
1987)
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Particular data showing the trend towards dune stabilization is
presented. From 1850 to 1987, there has been a 30 to 40% reduction
in active sand at Dune Point with invasion by Russian thistle into
the gravelly sands. A. series of active dunes stretched virtually
unbroken for 2 km along the South Saskatchewan River in 1950 -
today all these dunes are stabilized and there are only minor active
blowouts. All 16 sand blowouts at Remount Community Pasture,
which were active in 1950, are now stabilized. Of 51 blowouts
active in 1950 in the Middle Sand Hills, only 20 are still active and,
of these, 10 are partly stabilized and 7 are mostly stabilized (90%
of the sand which was active in 1950 is now stabilized). (Wallis
1988)

Other examples of the trend towards dune stabilization on the

prairies are presented. The Dundurn Sand Hills near Saskatoon,
Saskatchewan have mostly been stabilized by vegetation. Small
areas still exist where wind erosion and deposition are altering
“*landforms particularly under disturbed conditions such as those

~*'incurred under heavy grazing in times of drought. Earlier aerial

-~ photographs reveal areas of active dune complexes more extensive in
the past (1944). (F’y!ypec 1989) -

21 The Harris Sand Hills, 80 km southwest of Saskatoon, are surrounded
by cuitivated land mostly in cereal grains. There are only three
small--active areas remaining in the ‘southwest part of the dune

- surrounded by a larger aspen forest. The vast majority of the dunes
are stabilized. The Harris Sand Hilis area an oasis for native flora
and fauna which inhabit both the grasslands and parklands of central
Saskatchewan. (Epp 1982)

The Great Sand Hills of Saskatchewan are located west of Regina
near the Manitoba border and northeast of Cypress Hills. High
stabilized dunes cover the largest area - 50% of the dune field - and

~ are the most sensitive to disturbance. Active complexes are the

least extensive (0.4%). The Great Sand Hills form a varied natural
ecosystem that is sensitive to disturbance and is a genetic reservoir
~ for rare and common species. (Epp 1980)

It is interesting to note that Ramaley (1939), while studying sand-
hill vegetation in northeastern Colorado, found Tradescantia
occidentalis was an important species of the sand-hills mixed
community and frequent on sand prairies. Tradescantia occidentalis
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16. Collections Consulted

The following botanical collections have been consuited:
University of Calgary, Galgary, _AB

University of Brandon, Brandon, MAN

University of Winnipeg, Winnipeg, MAN

National Museum of Canada, Ottawa, ON

Department of Agriculture, Ottawa, ON

1 17. Fieldwork

The discovery site at the Pakowki Lake Sand Hills was. found by Julie
O. Hrapko in 1986. Since then Wallis and Wershler found two
additional colonies nearby in the Pakowki dunes-in 1987. The -
Pakowki Lake Sand Hills site was revisited in..1990 by Bonnie Smith
and Glennis Lewis. One specimen was collected in 1987 by J. D.
«umirJohnson at Whiskey, Gap, Alberta..- The immature. spacimen was -
e tentatively identified by W-.J.~Cody as’ Tradescantia: oceidentalis. The
¢+ site -has not been revisited to date. om0

Various sites south and southeast of Oak Lake were checked in 1989
but no specimens were found at that time:: (Johnson:1889,-pers.
comm.) Smith and Lewis rediscovered the 1920-1950's sites in.

.- Manitoba at the Lauder and Routledge Sand Hills in the summer of
1990. ' S

18. Knowledgeable Individuals

1. Cheryl Bradley, 158 Westover Dr., Calgary, AB T3C 256. Phone:
(403) 246-9127 ' B

- has prepared background material on Tradescantia occidentalis .

2. Dr. W. J. Cody, Research Associate, Biosystematics Research
Centre, William Saunders Building, Ottawa, ON K1A 0C8
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grazing; and in other areas where there has been grazing but few
fires. (Wallis 1988) The Pakowki Lake site is leased for grazing
(Wallis and Wershler 1988) On the other hand, the condition of
surviving Mixed Grassland in Alberta is deteriorating because of
increased grazing (Coupland 1987). This presents a management
dilemma.

The positive or negative impacts of grazing at various seasons are
unknown (Wallis and Wershler 1988). A current theory is that late
summer or fall fires formerly created lush green areas the following
spring. These green patches attracted large herds of grazing
animals like bison and resulted in reactivation of the sand dunes.
The sandhills were also apparently used as sheltering areas by bison
_during the winter and this could have been significant in keeping
_dunes active. Fire contrcl and changes in grazing patterns have
“completely changed the factors which shape sand dune environments.
(Wallis 1988) '

,‘G‘LEB‘oth Manitoba sites (Lauder and Routiedge Sand Hills) are potentially

’:_}‘hthreatened by grazing practices. The Lauder Sand Hills site is

z_‘_“l:protected from grazing under the Manitoba government's Wildlife

2 Labitat Management Program. There is a heavily eroded feedlot next
to the site. An electric fence separates this property from the
protected land. The Routledge site is lightly grazed from time to

_time by the private landowner. No noticeable damage to the dune

' gystem was noted except along some fencelines (Figure 5G). The
more northern areas of the dune ridge are under lease by the
Manitoba government. Grazing practices in this area are unknown.

“8(Smith and Lewis 1990) .

9.4 Invasive Weeds

Habitat of the two Manitoba sites (Lauder and Routledge Sand Hills)
is threatened by the leafy spurge, Euphorbia esula. The valleys
between the dune ridges at the Lauder Sand Hills site are filled with
leafy spurge (Figure 3C). At the most northern site on the dune ridge
~Euphorbia esula grows mixed in with the spiderwort plants growing
* on the upper siopes. The leafy spurge could potentially invade and
“overtake the habitat of the western spiderwort at this locaticn.
(Smith and Lewis 1930)

Euphorbia esula is particularly common on the opposite forested
sides of the dune ridge at the Routledge Sand Hills site (Figure 5H).
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- tentatively identified immature specimen from Whiskey Gap,
Alberta as Tradescantia occidentalis .

3. Julie O. Hrapko, Provincial Museum of Alberta, 12-845-102nd
Avenue, AB T5N OM6. Phone: (403) 427-1730.

- original discovery with others from the Provincial Museum of the
Pakowki Lake site in southeastern Alberta. Also, wrote 19  article
on Tradescantia occidentalis for

4. Karen Johnson, Curator of Botany, Natural History Division,
Manitoba Museum of Man and Nature, 190 Rupert Avenue, MN R3B
ON2. Phone: (204) 956-2830.

- co-author of the Rare Vascular Plants of Manitopa and checked
- sites south and southeast of Oak Lake, Manitoba for specimens of

~..Tradescantia occidentalis. Also, wrote 1985 articie on Tradescanr:a
aiyl occadentahs for Manitoba Naturalist. .

5. < Glennis Lewis, 2511-17th Street N. W Calgary. AB T3A 2E6.

elmPhone (403) 284-5714. _

“ vuslted Pakowki Lake and reduscovered the Mamtoba srtes summer
st 1990 -with Bonnie Smith. " Photographed’' Pakowki Lake, Lauder Sand
Hills -and Routledge Sand Hills sites and specimens, stummer 1990.

5R!6: Bonnie Smith, 459-30th Avenue: N W, Calgary AB T2M 2N5
Phone (403) 276-9197. o

= prmcupal author of COSEWIC report on Tradescant:a occ:dentahs
Visited the Pakowki Lake Sand Hills site in 1990 and conducted
further population studies. Rediscovered the mid-1950's Manitoba
sites, with Glennis Lewis, in the summer of 1990 at the Lauder and
Routledge Sand Hills.

7. Cliff Wallis, Cottonwood Consultants Ltd., 615 Deer Croft Way SE,
Calgary, AB T2J 5V4. Phone: (403) 271- 1408

- has conducted detailed initial population surveys of the Pakowki
Lake sand dune site, southeastern Alberta. Also, prepared
management status recommendation reports on Tradescantia
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The Nature Conservancy rank is Global G?, Canada N1, Alberta P1,
Manitoba P1. The United States rank in not known but Ayensu and
DeFilipps (1978) did not list it as endangered or threatened on any of
their state listings.

All the lists of rare species for the prairie provinces are relatively
long. The most recent Alberta list (Packer and Bradley 1984)
contains 360 species, representing 249% of the native flora. The
Manitoba (White and Johnson 1980) list contains 300 taxa. (Kershaw
1987) '

Kershaw (1987) acknowledges three major groups of distribution
_patterns of rare species in prairie provinces. Over 80% of the "rare”
" species in the prairie provinces appear toc belong to a group
~ composed of species extending into the provinces from nearby (non-
;j__‘disjunct) widespread populations. Such populations'add considerably
" to the species diversity of. the provinces, probably accounting for

. more than 20% of the total floras. The Manitoba populations of
-/ Tradescantia occidentalis probably fall into this category. The

. Alberta population may belong to a second group- composed of
- species extending into the .province as ‘small disjunct populations.
4 This group is composed of less than 10% of the number of total rare
‘,ms'pacies in the prairie provinces. A third group composed of .endemic
species is limited to a local area and is restricted geographically.
(Kershaw 1987)
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All preceding criteria are items of concern in assessing the status
of this species. In Canada, Tradescantia occidentalis has
experienced declines in populations and ongoing habitat destruction
and changes in land use and grazing patterns in the the remaining
known and potential habitat placing the future curvival of the
species in question. The lack of formal protection for most sites
with a viable management plan is a critical problem for the species’
survival in Canada. Many sites in this habitat type have been lost
through catastrophic destruction by cultivation as well as gradual
attrition due to changes in grazing and fire regimes.

12. Status Recommendation

The western spiderwort (Tradescantia occidentalis) is proposed for
listing as an endangered species in Canada.

13. Recommended Critical Habitat

Several major sand plains have been almost completely cultivated
' (Wallis and Wershler 1988). Designation and appropriate
management of the Pakowki Lake North Dune G would help protect
the only known population of Tradescantia occidentalis in Alberta
and Canada. (Wallis and Wershler 1988) (Maps 2A, 2B) As well, an
. drea-of critical habitat may be proposed at Whiskey Gap should the
presence of Tradescantia occidentalis be verified at this location.
(Map 1) A major threat to remaining sand plain habitats exists in
Alberta. ' e ‘

Other key sandy habitats in Alberta which have highly significant
resources or concentrations of features and are worthy of legislated
.. formal protection include Dune Point (west of Bindloss), Empress
Dunes, Lost River, Lower Bow Dunes, Bindloss Depression Springs,
Middle Sand Hills, Turin dunes and Wolf Island Dunes. (Wallis 1988)

Designation of critical habitat in Manitoba shouid inciude the
southwestern section of the Lauder Sand Hills (Maps 3A, 3B) and the
extensive ridge comptex southwest of Routledge in the Routledge
Sand Hills (Maps 3A, 3C) These populations have survived
undisturbed since their last citation in the mid-1950's. The Lauder
Sand Hills, Oak Lake Sand Hills, and Routledge Sand Hills all require
more extensive exploration. Until this is completed all three Sand
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occidentalis. Located additional sites at Pakowki Lake dunes with
Cleve Wershler, 1987.
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V. Authorship

20. initial Authorship of Status Report
The initial authors of this report were:

Bonnie Smith, 459-30th Avenue N.W., Calgary, AB T2M 2N5. Phone:
(403) 276-9197.

Cheryl Bradley, 158 Westover Dr., Calgary, AB TaC 2S6. Phone:
(403) 246-9127

21. Maintenance of Status Report

Bonnie Smith, 459-30th Avenue N.W., Calgary, AB T2M 2NS§, phone
(403) 276-9197, will be responsible for receiving new information

and making revisions and corrections to this status report and
passing information on to COSEWIC.
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the area, The location where the Western Spiderwort is found lies Just “,

west of the extensive leafy spurge invasion.
To the west of the site with Hestern Spiderwort a highway and

railline run through the Provincial Park. This has provided a location
for Smooth Brase (Brosus inermis) to becose established and has resulted
in some invasion of sacoth broae into the adjacent undisturbed sand hill
habitat. To the east of the Westorn Spiderwort site, several pipelines
have caused a coaparable amount of disturbance, providing additicnal
possible sites for establishment of invasive exoticso. A natural gas
pipeline built nearby during 1991 is the closest aajor human disturbznce
site to this Spiderwort colony. It passes within approxiaately one ka cf
the aain population and could prove to be a major site for invasion of
invasive exotic plants. Belcher and Wilson (1989) found that 951 of
leafy spurge infestations were associated with anthrgpogenic disturbances,
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INTRODUCTION

Western spiderwort (Tradescantia occidentalis) was designated as
"threatened" by COSEWIC in 1992. Currently, the species is being considered
for inclusion under the Endangered Species Act.

COSEWIC designated the species in Canada based on a status report
prepared by smith and Bradley {1990). In the 1990 report, two extant sites
and one extirpated site were identified in Manitoba. These sites all occurred
in the Lauder, Routledge and Oak Lake sandhill complexes. The major portion
of the existing population was found on private land just south of Routledge,
owned by V.A. Hellman. A secondary site was found 6n Manitoba Habitat
Heritage Corportation (MHHC) land near Bernice (Figure 1). No plants were
found at Oak Lake in 1990.

The private land is under voluntary designation as an Ecologically
Significant Area. This status recognizes the uniqueness of the area but
provides no legal protection. This 1and was purchased specifically to
preserve the character of the area and the landowner is very protective of his
property and the species that occur on it.

The MHHC land has no official protection beyond the requirement that
permission must pe obtained in order to enter upon the land. This is very
difficult to enforce because the MHHC is an absentee landowner.

Monitoring activities on the species commenced in 1992 in response to
the COSEWIC listing and concern for prairie habitats in the province. Little
is known of the spiderwort’s ecology and habitat requirements.

Objectives of the study were:

1. to monitor the health and distribution of the western spiderwort

population in Manitoba;
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3
2. to discover any additional populations if they occurred; and
3. to begin quantifying habitat characteristics and species
associations.
These data will be used to develop recovery guidelines and management
plans for the species and for those lands on which the species occurs or could

potentially occur.

METHODS
In the summer of 1992, sites identified in the draft COSEWIC status

report (Smith and Bradley 1990} were monitored for species occurrence, number
of plants and flowering data. Occurrence of the species in any additional
sites was also recorded. On the MHHC property, sampling was undertaken to
determine the associated species in this sanddune community.

on all sites, the number of plants, stems/plant, flowers/stem and
percentage of pink and purple flowers were recorded. On the MHHC land nine
10x10m plots were sampled. Within these plots, 51-1m® randomly selected
quadrats were samb]ed for ground cover, species, number of stems and estimated
cover. Cover estimates were categorized according to the following scale, the

mid-point of each category was used for calculations.

1. 0% - 10%
2. 10% - 25%
3. 26% - 50%
4. 51% - 75%
5. 76% - 100%

Stems were not counted for species with dense distributions (grasses) due to

time constraints. The objective was to provide an inventory of the species
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rather than in-depth productivity information. Resulting Importance Values
for these species will therefore be higher than indicated in the results.
Calculations were carried out for density, frequency, and dominance {formulas
in Appendix III). Subsequently, relative densities, frequencies, dominance
and Importance Values were calculated. Shrubs were sampied in two Im wide
swaths across the centre of the plot (total area sampled 20n?). Species and
number of stems were recorded and density and frequency were calculated. A1}l
trees occurring within the 100m* plot were sampled. The species and DBH
category were recorded. Density, frequency and basal area were calculated.
Any other pertinent observations (grazed, diseased etc.) were also

recorded.

RESULTS
Hellman Property

The Hellman family property consisted of a lightly grazed pasture (20
cattle, 3 horses), a long (approximately 3km) series of sand dunes (three
chains') that was fenced to protect it from grazing and a large area of aspen
(Populus tremuloides) forest with small clearings. The aspen grove contained
wild rose (Rosa arkansana), western red lily (Lilium philadelphicum), harebell
(Campanula rotundifolia), bur oak (Quercus macrocarpa), common and creeping
juniper (Juniperus communis, J. horizontalis), bearberry (Arctostaphylos uva-
ursi), and northern bedstraw (Galium boreale). Leafy spurge (Fuphorbia esula)

was present on the property.

* While one chain of hills in the grazed pasture was checked and
counted, there was, apparently, another chain of hills with additional
spiderwort that we were unaware of. The Hellman’s estimated its population to
be about 100 plants.
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There was a total of 7848 spiderwort plants counted. The average number

of stems/plant was 2.16. There were 47 pink flowered piants comprising 0.6%

of the total population. Approximately 1% of the plants counted (87) were

grazed by cattle or deer. Plants were found on south-facing slopes, from
crest to the base. There were, in general, two categories of slopes:

1) Partially destabilized slopes with many bare spots. Surrounding
vegetation included: pincushion cactus (Coryphantha vivipara); creeping
juniper; sand grass (Calamovilfa longifolia); chokecherry (Prunus
virginiana); snowberry (Symphoricarpus occidentalis); pasture sage
{Artemisia frigida); star-flowered false Solomon’s seal (Smilacina
stellata); wild rose.

2) Heavily vegetated slopes, usually succeeding to aspen forest.

Associated vegetation inciuded: chokecherry; snowberry; poison ivy (Rhus
radicans); star-flowered false Solomon’s-seal; red-osier dogwood {Cornus
stolonifera); river birch (Betula occidentalis); bur oak; white birch

(Betula papyrifera); common juniper; June grass {Koeleria cristata).

Crown Land (29-9-25W)

Crown land east of Hellmans’ was examined and found to have spiderwort
growing in an isolated clump (Figure 2) immediately adjacent to the ridge that
serves as the cattle pasture.

An estimated 700 plants were identified in this area, mainly blue-
purple, but a handful were of the pink variety. Grazing on the plants was not
apparent and the 6n1y large mammal tracks in the area were of deer (Odocoileus

sp.).



Figure 2: Location of spiderwort population on 29-9-25V.
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A large aspen and Manitoba maple forest surrounded this area and
probably serves as a natural barrier to grazing and other disturbances around

the spiderwort site.

MHHC Property (17-5-25W)

This parcel is bordered by pasture on all sides. The area of prime
interest and concern (the spiderwort sites) is along a ridge of high sandhills
located in the northeast corner of the quarter section. It is bordered by
aspen forest to the west, a thin strip of aspen and poison ivy to the north, a
pasture to the east and low sandhills to the south.

Western spiderwort began flowering on the MHHC property the week of June
21, 1992. A total of 380 plants were counted with an average of 2.8
stems/plant and 13.2 flowers/stem. Fifteen per cent were pink flowering
plants.

Three separate sites on the sand ridge were sampled (Figure 3). Site
No. 1, was reported as two separate sub-populations in the status report
(Smith and Bradley 1990) but appeared to have grown together to form one
larger stand. The crest of the hill was separated from the remainder of the
slope by a small gully. Forty-five plants occurred on the crest, 6 of which
were pink. Associated vegetation included poison ivy, wild rose and creeping
juniper. The second site was located on the southwestern crest and slope of a
partially destabilized sand hill. The most common vegetation in the stand of
spiderworts was sand grass. Associated vegetation consisted of leafy spurge
and bearberry. The crest and north slope were covered mainly by chokecherry,
poison ivy, aspen and some elm (Ulmus americana). The third site was located

northwest of site 2. It occurred in a shaded area (forested ravine to the
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south, north and east) and the slope was heavily covered by chokecherry,
snowberry, wild rose, Virginia creeper (Parthenocissus inserta), leafy spurge
and sand grass.

A summary of the 20 most important associated plant species is presented
in Table 1. A complete listing of sampling results is presented in Appendix 1
and II. Leafy spurge was the most important component of the sandhill
community, the remainder of the top 20 were a mixture of prairie and aspen
forest species. Chokecherry was the only shrub found in the sampling plots at
a low density (.01 stems/m’). Trees were also uncommon with American elm

occurring at a density of 0.01 stems/m2 and covering an area of 1.8cm’/m°.

DISCUSSION

Increased precipitation since 1990 was probably partly responsible for
the increase in the number of plants found in 1992. Sixty-six plants were
found on MHHC land in 1990 compared to 380 in 1992. Approximately 1700 were
found on the Hellman property in 1990 compared to 8000 in 1992.

Leafy spurge, recognized as a problem in 1990, persisted in 1992.
successful management of western spiderwort may depend upon effective leafy
spurge control. It would be beneficial to the spiderwort and other native
species to have spurge beetles released on both properties.

Western spiderwort habitat requirements need to be determined before the
species can be effectively managed. Monitoring activities indicated that
western spiderwort required a fairly open de-stabilized dune environment to
flourish. The species does not appear to respond well to grazing or shading.
The presence of western spiderwort on Hellmans’ property appears to be partly

the result of restricted grazing for the past fifty or more years.
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It is recommended that studies on spiderwort ecology, and management of
sandhill habitats continue. Rehabilitation of adjacent sandhill areas (Lauder
WMA) could facilitate the species’ recovery. Surrounding private grazed
pastures should be further investigated to see whether some of these sites may
also be suitable if grazing pressures were restricted or eliminated. Where

feasible such lands should be leased or acquired through the Critical Wildlife

Habitat Program.
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APPENDIX I
A11 plant names are according to Scoggan (1978).

Equisetaceae

Equisetum hyemale L. var. affine (Engé]m.) A. A. Eat. common scouring-rush

Pinaceae

Juniperus communis L.
J.horizontalis Moench

Gramineae

Agropyron cristatum (L.) Gaertn.
A. intermedium (Host) Beauv.
Calamovilfa longifolia (Hook.) Scribn.
Festuca rubra L.

Koeleria cristata (L.) Pers.

Poa pratensis L.

Stipa comata Trin. & Rupr.
Cyperaceae

Carex spp.

Commel inaceae

Tradescantia occidentalis (Britt.) Smyth

Liliaceae

Lilium philadelphicum L.
Smilacina stellata (L.) Desf.
Salicacea

Populus tremuloides Michx.

common juniper
creeping juniper

crested wheat grass
wheat grass

sand grass

creeping red fescue
June grass

Kentucky bluegrass
spear grass

sedge

western spiderwort

prairie 1ily
false Solomon’s seal

trembling aspen
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Betulaceae
Betula papyrifera Marsh.
B. occidentalis Hook.
Fagaceae

Quercus macrocarpa Michx.

Ulmaceae

Ulmus americana L.

Chenopodiaceae

Chenopodium spp.

Ranunculaceae

Anemone patens L. var. wolfgangiana (Bess.)} Koch

Capparidaceae

Polanisia dodecandra (L.) DC. var. dodecandra

Cruciferae

Arabis spp.

Lepidium densiflorum Schrad.
Sisymbrium altissimum L.
Rosaceae

Prunus virginiana L.

Rosa arkansana Porter
Leguminosae

Patalostemum villosum Nutt.

Linaceae

Linum rigidum Pursh

white birch
river birch

bur oak

American elm

goose foot

prairie crocus

clammyweed

rock cress
pepper grass
tumble mustard

chokecherry
prairie rose

prairie clover

yellow flax
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Euphorbiaceae

Euphorbia esula I. leafy spurge
Anacardiaceae

Rhus radicans L. var. rydbergii (Small) Rehd. poison ivy
Aceraceae

Acer negundo L. Manitoba maple
Vitaceae

Parthenocissus inserta (Kerner) Fritsch Virginia creeper
Yiolaceae

Viola spp. viclets

Cactaceae

Coryphantha vivipara (Nutt.) Britt. & Brown pincushion cactus
Cornaceae

Cornus stolonifera Michx. red-osier dogwood
Ericaceae

Arctostaphylos uva-ursi (L.) Spreng. bearberry
Boranginaceae

Lithospermum incisum Lehm. narrow-leaved puccoon
Solanaceae

Physalis virginiana Mill. ground cherry



Rubiaceae

Galium boreale L. var. boreale

Caprifoliaceae

Symphoricarpus occidentalis Hook.

Campanulaceae

Campanula rotundifolia L.

Compositae

Liatris ligulistylis (Nels.) K. Schum.

Erigeron canadensis L.
Artemisia frigida Willd.
A. Tudoviciana

15

northern bedstraw

snowberry

harebell

blazing star
horse weed
pasture sage
white sage
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APPENDIX 11

MHHC PROPERTY SAMPLING DATA RESULTS
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APPENDIX II1
CALCULATIONS

DENSITY = # STEMS
AREA SAMPLED

FREQUENCY = # SAMPLING UNITS SPECIES QCCURS IN
TOTAL # UNITS SAMPLED
DOMINANCE = ESTIMATED AREA COVERED BY THE SPECIES

TOTAL AREA SAMPLED

RELATIVE DENSITY = DENSITY OF EACH SPECIES
TOTAL DENSITY FOR ALL SPECIES

RELATIVE FREQUENCY = FREQUENCY FOR EACH SPECIES
TOTAL FREQUENCY FOR ALL SPECIES

RELATIVE DOMINANCE = DOMINANCE FOR_EACH SPECIES
TOTAL DOMINANCE FOR ALL SPECIES

IMPORTANCE VALUE = (RELATIVE DENSITY + RELATIVE DOMINANCE +
RELATIVE FREQUENCY) * 100
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ABSTRACT

The major portion of western spiderwort (Tradescantia occidentalis) populations in
Canada is found on two sandhill sites in southwestern Manitoba. In 1993, a study was
initiated to assess the environmental parameters of spiderwort habitat. Approximately
9,000 spiderwort plants were found on the dune slack areas of the Routledge and
Lauder sandhill sites. Permanent plots, exhibiting various potential limiting factors, were
established for monitoring spiderwort growth and phenology under natural and
manipulated conditions. Black dot spurge beetles (Aphthona nigriscutis) were introduced
at four sites in an attempt to control the encroachment of leafy spurge. Over the next
two years of the project, additional potential sites will be surveyed, propagation
methodology will be investigated and several management systems will be assessed for
spiderwort habitat and population enhancement.
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INTRODUCTION

Based on a status report by Smith and Bradley (1990), western spiderwort
(Tradescantia occidentalis) was designated as "threatened" by the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC) in 1992. This species is known to
exist in only four sites in Canada; one in Alberta, one in Saskatchewan and two in
Manitoba. Not only are there few sites but each is limited in size and exemplifies a very
specific habitat type. It must be recognized that if species requirements are not
identified and adequate management strategies are not implemented, natural succession
and encroachment by invasive plants could move spiderwort towards the endangered
category in Canada.

A three year project was initiated in 1993 with the goal of improving the status of
the western spiderwort in Manitoba.

Objectives of the study are:

1. Identify the environmental parameters of western spiderwort habitat.

2. Identify potential re-introduction sites and examine possible transfer

processes.

3. Determine most appropriate habitat enhancement processes by on site
investigation of burning, removal of invasive plant species and release of
spurge beetles (4phthona nigriscutis).

4. Development of the most feasible management plan for retention of western
spiderwort.

The first year of the project commenced with collating a detailed profile of

western spiderwort through additional literature search and soliciting available
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information from other jurisdictions within the species current range. Field investigation
of known and potential sites assisted in defining some of the physical and biological
parameters within which western spiderwort populations function. Experimental plots
were established to monitor the effects of a number of environmental influences on the

species (Appendix III).

SPECIES OVERVIEW
Distribution

The western spiderwort is found throughout much of mid-western North America
(Figure 1). It is fairly common throughout the central United States, particularly in the
southern regions. In Canada, the species is rare, known to be found only in four areas:
the Pakowki Lake Sandhills (Alberta), the Elbow Sand Dunes (Saskatchewan), the
Routledge Sandhills (Manitoba) and the Lauder Sandhills (Manitoba).
Protection

The spiderwort is not currently under any legal protection in Manitoba. The
Endangered Species Advisory Board (ESAB) has recommended that the species be
designated as "threatened" in the province and regulations are now being prepared for
protection of the species under the Manitoba Endangered Species Act. The Manitoba
sites have limited access but any restrictions are not strictly enforced or easily
enforceable.
Population Size and Trend

The Manitoba spiderwort population increased greatly between 1990 and 1992

(Smith and Bradley, 1990; Hohn and Parsons, 1992) possibly as a result of increased



Figure 1: Distribution of Western Spiderwort (Tradescantia occidentalis) in North
America.
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precipitation levels. The number of plants in confirmed sites has remained relatively
constant for the past year. The Routledge Sandhills, including the Hellman property (a
pastured quarter, NE 30-9-25W; and the Ecologically Significant Area, S 31-9-25W) and
the adjacent Crown land (29-9-25W) has the largest population (Figure 2). The
Hellman property has approximately 8000 plants, while the adjacent Crown property has
approximately 700 plants. The Lauder Sandhills population, found on Manitoba Habitat
Heritage Corporation (MHHC) property (NW 17-5-25W) has just under 300 plants
(Figure 2). A more detailed breakdown of these areas can be found in Appendix L
Biology

The western spiderwort is an erect perennial with slender stems. The leaves are
linear, with conspicuously ribbed, curved sheaths, swollen at the juncture with the node.
The roots are stout and fleshy with slender fibrous rootlets. The flowers are in terminal
cymes. Pedicels and sepals are glandular pubescent. Petals are 10-15mm long, rose to
dark blue in colour, arranged in threes, slightly pointed at the tips. There are six
stamens, hairy, with bright yellow anthers. Capsules are obovoid or oblong in shape,
puberulent at the apex, 5-10mm long, each containing 2-6 pitted compressed seeds
(Figure 3). Spiderwort normally flowers from May to July (shorter and later in northern
climates). Each flower lasts only one day. The plant reproduces through seeds and by

vegetative propagation.



Figure 2: Location of Western Spiderwort sites in Manitoba.
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Growth conditions

The soil in the region of spiderwort range in southwestern Manitoba is sand or
sand/silt, classified as lacustrine sediments over Palaeozoic rock of Ordovician, Silurian
and Devonian age (Atlas of Canada 1981).

Southwestern Manitoba generally receives 400-800mm of precipitation annually
(Atlas of Canada 1981). Spiderwort appears to thrive on additional moisture, as more
robust plants of larger size are present in portions of the study sites where the soil is
more moist. At the same time, drainage of the soil is essential.

Annual temperatures in this region range between January averages of -15°C to -
20°C to July averages of 15°C to 20°C (Atlas of Canada 1981). Summer temperatures
have been below normal for the past two years with greater than normal rainfall and
these conditions may have contributed to the unusually long flowering period of the
spiderwort in 1993 (June 15 to August 20).

While spiderwort do not thrive in continuously shaded areas, shading by small
shrubs such as chokecherry (Prunus virginiana) and wild rose (Rosa spp.) does not
appear to have a significant impact on the general health of the plants. Spiderwort are
often found concentrated on the crests and upper slopes of sandhills, where shrub
populations are high. The shrubs may provide the spiderwort with some protection
against intense grazing or disturbance by grazers.

Examination of the spiderwort communities suggest that the plants do not
experience heavy grazing pressure from native species such as white-tailed deer
(Odocoileus virginianus) and elk (Cervus elaphus), but cattle will graze on the plants if
they are easily accessible. Plants growing on the crests and upper slopes do not appear

to be greatly affected.



Spiderwort are extremely sensitive to disturbance, such as trampling by cattle,
motor vehicles or people. The stems are brittle and break with little impact.

This species does not appear to be very competitive. There also may be another
factor affecting spiderwort growing in close proximity to leafy spurge (Euphorbia esula).
They are generally smaller and have shorter flowering periods than spiderwort growing
in more open areas. Areas with low accumulation of litter and having sparse vegetation

are best suited for spiderwort.

HABITAT
General Requirements

Spiderwort are generally found on partially destabilized sandhills with south or
west facing slopes. The hills generally have a slope angle of 30°-50°, and a vertical rise
of about 10m. Soil ranges from pure sand to sand/silt mixture.

Hellman property (NE30-9-25W, §31-9-25W)

The habitat at this site (Figure 4) consists of a series of four sandhill chains spread
over three quarter sections. The plants are restricted, with few exceptions, to south or
southwest facing slopes and crests of the sandhills. The soil is partially stabilized by the
sparse growth of grasses. Shading and competition are limited except at the lower edges
of the slopes where aspen/shrub invasion occurs.

Crown Land (29-9-25W)

The hills on this property are a southeastward extension of the chains running

through the Hellman property. Spiderwort are found on two sites, separated and

bordered by aspen forest.



Figure 4: Spiderwort sites.

A. Manitoba Habitat Heritage Corporation property
B. Hellman and Crown properties

(X) Leafy Spurge Bectle release sites.
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MHHC Property (NW17-5-25W)

There are two chains of sandhills located on this quarter, but spiderwort are only
found on the northern chain. There are two separate spiderwort sites, one covering the
southwest slope of a partially stabilized sandhill, the second site covering the lower slope
and basin of another hill on the same ridge system. The soil is sand, mixed with silt,
held by grasses and native sandhill plants. Shading is limited, but competition for

resources is slightly greater at this site.

MANAGEMENT CONSIDERATIONS
Hellman Property

The Hellman family owns 25 head of cattle which are confined to NE 30-9-25W
and the forested portion of SW 31-9-25W. The pastured quarter is under light grazing
pressure, and the cattle do not appear to favour spiderwort. All three quarters show
some signs of grazing or browsing by deer or elk, but very few spiderwort plants are
affected. The Hellmans have received requests in the past to rent their land for pasture,
an action the entire family opposes.

Aspen (Populus tremuloides) and chokecherry shrub encroachment is not an
immediate threat to the sandhills, but could become one if their growth is left
unchecked.

The pastured quarter has several large sites of leafy spurge. The Ecologically
Significant Area contains two hills that are almost completely covered by spurge. Black
dot leafy spurge flea beetles (Aphthona nigriscutis) obtained from the Department of
Agriculture were released in four locations in 1993 (Figures 5-11). Details on the four

sites can be found in Appendix IL
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Site #1 Border of Crown and
Hellman properties

Figure 6: Crest of Site #2 Figure 7: Upper slope of Site #2



Figure 9: Slope of Site #3

Figure 11: Slopes of Site #4

Figure 10: Crest of Site #4
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The pastured quarter contains areas of active sand as a result of the movement of
cattle. These areas are usually restricted to the bases of the sandhills. There are two
"rails" worn by deer and other animals on the hills of the remaining two quarters. To a
limited extent, destabilization and erosion have occurred along these paths. However,
the area affected by this is extremely small.

There is extensive petroleum exploration in this area, and the Hellmans have been
approached by one of the companies to allow drilling on their property. To date, none
have been allowed and when the spiderwort becomes protected under the Endangered
Species Act, there may be additional deterrents to development.

Crown Land

This quarter section is leased as pasture, but a dense aspen forest surrounding the
two spiderwort sites serves as a natural barrier to the cattle and horses. There is no
evidence of any impact by domestic animals at either spiderwort site.

The hills supporting spiderwort are not particularly steep or sandy in many areas
of this location. Snowberry (Symphoricarpos occidentalis) and chokecherry shrubs appear
to be successfully colonizing the slopes and could be removed manually.

MHHC Property

Shrub encroachment of the dunes is occurring from the crest down (by
chokecherry and wild rose) and across the base by the aspen forest surrounding the hills,
The encroachment is limited, and is not currently threatening the dune slopes to any
great extent. The sandhills are heavily infested with leafy spurge, and the spiderwort

sites are under immediate threat.
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This MHHC property is being subjected to destabilization and erosion through the
use of four-wheel drives and other all-terrain vehicles throughout the hills (Figures 12-
13). The vehicles gain entrance to the property off P.R. 345 and there is easy access to

the hills at the point where the MHHC sign is located.

Figure 12: Erosion damage caused by off-road
vehicles of a sandhill on the MHHC.

Figure 13: Vehicle tracks leading from Provincial
Road 345 onto the MHHC property
and the sandhills.
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ALTERNATIVE LOCATIONS

Although there are no other confirmed extant sites of western spiderwort in
Manitoba, sandhills do occur in several locations in the southwestern portion of the
province. Several of these could provide suitable habitat for this species if these sites
possess the environmental characteristics that spiderwort requires.

Whether the current spiderwort sites are small remnants of a much broader post-
glacial distribution or indicative of a rare northern distribution of a southern species is
unknown. From a Manitoba and Canadian perspective the species is being treated as a
threatened species. Therefore it is important to retain the spiderwort as a component of
prairie diversity in the province. Additional sites could serve as a safety net in the event
of a catastrophic disappearance of significant portions of the current population.

Introduction of spiderwort to alternate locations would require investigation as to
site suitability and into propagation and transplanting techniques. There are sufficient
numbers of plants at current sites to serve as a limited transplant source.

Creation of new spiderwort sites would likely be a two year process. Cuttings
(stem or root) taken in spring from plants at the established sites could be raised in a
greenhouse or other suitable environment. The young plants could then be transplanted
to suitable locations. An alternative would be to collect the mature seeds in the late
summer and either plant them directly at a chosen site, or raise them in a greenhouse
for transplanting the following spring.

Site preparation, should any be needed, would include removal of non-native
species (ie. leafy spurge), thinning of shrub cover and partial destabilization of the sand

soil.
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Oak Lake

Historically, the sandhills around Oak Lake supported a spiderwort population.
These sandhills fall into one of two categories. The first is completely stabilized hills,
while the second is destabilized pasture. The area judged to be most suitable for
spiderwort transplant is a quarter section 3.5km south on Hesselwood Road from the
southwestern corner of the Upper Assiniboine Wildlife Management Area (Runnymede
Unit). The hills in this quarter fit the habitat profile, but might require some
mechanical destabilization before any transplanting occurred.

Lauder Sandhills Wildlife Management Area

There are two chains of hills running through this region, with the larger one
having several hills suitable for spiderwort (Figure 14). These hills would require very
little site preparation if spiderwort were to be transplanted to these sites.

There are two disadvantages to this area. The first of these is the presence of
leafy spurge throughout the Wildlife Management Area. If spiderwort were to be
moved into this area, measures to control spurge would have to be implemented. The
second factor is the high public use of the hills. Care would have to be taken to select
sites that are removed from the main roads and show little sign of off-road vehicle use.
There are several hills in this chain that meet these requirements.

Carberry Sandhills

The sandhills south of Carberry cover an extensive region and range from the
active dunes of the Spirit Sands trail to the completely stabilized pastures found north of
Spruce Woods Provincial Park. There are many locations within this region that would
be suitable, or that could be made suitable, for spiderwort habitat. The presence of a

provincial park adds an element of protection to much of the region. An inventory of
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Spruce Woods undertaken during the summer of 1993 may provide more detailed
information.
Portage Sandhills

The sandhills in this region are similar to those of the southwest but they tend to
be smaller, with most under 8m in height. However, all the sandhills are easily
accessible to off-road vehicles. These vehicles seriously threaten the future of the
sandhills flora and this problem needs to be addressed before any action can be taken
on transplanting spiderwort to the area. The sandhill community is also at risk of being
overgrown by woody vegetation. This problem could be corrected with controlled burns
and brush-cutting around the hills and should not act as a deterrent to spiderwort
transplanting. On the positive side, there is no leafy spurge population on these
sandhills.

FUTURE GOALS

The goals for the future are twofold. The first is to preserve and, if feasible,
enhance the existing sites; the second is to expand the population through the creation
of new sites.

Leafy spurge control is critical to the preservation of the spiderwort sites,
especially on the MHHC property. Release of leafy spurge flea beetles will not have a
significant effect soon enough, or on a large enough area. Mowing and burning have
been generally ineffective for reducing leafy spurge (Jonker 1992). This leaves few other
alternatives. The first is to spray the affected areas with herbicide. This could be done
at relatively low cost but would be extremely damaging to the native flora and fauna and

may cause other environmental problems.
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Figure 14: Lauder Sandhills Wildlife Management Area
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A second alternative is to remove the leafy spurge manually. Given the extent and
area of the coverage, this proposal could be extremely labour intensive on an annual
basis. It could also cause excessive destabilization and erosion of the slopes. A third
possibility is the introduction of a sheep or goat grazing system. While this appears to
have some potential from trials in Saskatchewan, it must be closely controlled and
continued annually. A final choice is to do nothing, in which case the spiderwort sites
on this property may cease to exist within the next few years.

Shrub encroachment is another problem that must be addressed. While it is not
yet a serious threat to any of the sites, preventative action would keep it from becoming
one. Use of a brush-cutter along the crests and forest edges would remove much of the
young tree and shrub growth in the area. Such action would have to be repeated for
several years to be effective. The use of controlled burning at the sites may not be
feasible.

Limiting or controlling access to the MHHC property should be considered.
Currently there are not any restrictions against motorized vehicles on the property.
There is also no restriction on the removal of sand from the property, as seen by the
damage to the hill at the northeast corner of the quarter section. Any restrictions
should be accompanied by education and promotion of public awareness of endangered
species and habitats. Cooperation from the area residents would greatly aid in the
protection of the site.

The Hellmans have expressed interest in the possible (re)introduction of other
species unique to sandhill habitats, further enhancing the area’s ecosystem. This activity
will have to be examined carefully and assessed with regard to the implementation of

the Biodiversity Convention in Manitoba.
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Spiderwort sites in Canada are few, and are under threat of one variety of or
another. The small size and relative isolation of the two sites in Alberta and
Saskatchewan puts them especially at risk, as well as placing a greater importance on the
two known Manitoba sites. If spiderwort is to continue to flourish in Canada, the

population must be protected and increased.
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APPENDIX I: Western Spiderwort Population Survey

1. MHHC Property
Site #1

total # of plants = 200

avg. # stems/plant = 4.1

total # plants in bud or flower = 126

% of stems in bud or flower = 37%

comments: 1 plant browsed, 28 pink-flowered plants

Site #2

total # of plants = 85

avg. # stems/plant = 2.9

total # plants in bud or flower = 80
% of stems in bud or flower = 67%
comments:

Site #3

total # of plants = 0
comments: This site appears to have been completely choked out by leafy spurge. No
sign of spiderwort could be found in the entire area.

2. Crown Land
Site #4

total # of plants = 370

avg. # stems/plant = 2.0

total # plants in bud or flower = 366

% of stems in bud or flower = 8§2%

comments: 17 plants browsed, 1 pink-flowered plant

Site #5

total # of plants = 335

avg. # stems/plant = 2.1

total # plants in bud or flower = 330

% of stems in bud or flower = 76%

comments: 15 plants browsed, 2 pink-flowered plants
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3. Hellman’s

Site #6 (pastured quarter)

total # of plants = 236

avg. # stems/plant = 2.0

total # plants in bud or flower = 234

% of stems in bud or flower = 72%

comments: 19 plants browsed, 6 pink-flowered plants

Site #7 (Ecologically Significant Area)

total # of plants >7000
(Note: plants were not counted in 1993 but distribution and numbers appeared similar to
the 1992 count)
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APPENDIX IE: Leafy Spurge Control

On 28 July 1993, Aphthona nigriscutis obtained from the Department of Agriculture were
released on four separate sites on the Hellman Property in an effort to control the
spread of leafy spurge into sensitive spiderwort habitat.

Site #1
- area size is approximately 25m x 10m

- lower NE slope of the hill is immediately adjacent to spiderwort Site #5 on the Crown

land
- movement of cattle on three sides, and the birch and aspen cover on the fourth side

may prevent spurge spread
- leafy spurge coverage about 85%

Site #2

- hill crest and SW slope of entire hill

- area size is approximately 35m x 50m

- separated from beetle release Site #3 by thin band of shrubs
- leafy spurge coverage 100%

Site #3

- crest and slopes of two entire hills
- area size is approximately 45m x 25m
- leafy spurge coverage 90%

Site #4

- located in the Ecologically Significant Area

- crest and upper slope of three hills, separated by fence and small gully
- area size is approximately 15m x 85m

- leafy spurge coverage 95%
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APPENDIX III: Experimental Plots

In order to obtain some information on growth requirements and habitat
conditions of the western spiderwort, several Sm x 5m plots were established. Different
conditions were examined, and the plants within the plots were monitored on a weekly
basis.

H1 n T

-located on a lower SW facing slope

-receives partial shading in the early morning

-partially destabilized sand/moss soil

-associated plants: goldenrod, pasture sage, white sweet clover, sand grass, wild rose,
June grass, star-flowered false Solomon’s-seal, creeping juniper, snowberry

H2 mpetition (1

-located on an upper south-facing slope

-experiences no shading

-destabilized (not active) open sand soil

-associated plants: leafy spurge, hairy golden-aster, mustard spp.

H3, Irrigation

-located on a lower SSW facing slope

-no shading

-partially destabilized sand/moss soil

-associated plants: sand grass, pincushion cactus, chokecherry

-plot received 1L of water per week (equivalent to 2mm rainfall) regardless of rainfall
amount

H4, Shading

-located on the uppermost slope of west-facing slope

-shaded early mornings and late afternoons, 25% of plot shaded all the time
-partially destabilized, open sand soil

-associated plants: aspen, chokecherry, skeletonweed, sand grass, hairy golden-aster,
goldenrod, wild rose, poison-ivy, Manitoba maple

H5. Disturbance

-located on lower west-facing slope in pastured quarter

-destabilized, open sand soil

-partially shaded in early morning

-associated plants: chokecherry, wild rose, star-flowered false Solomon’s-seal



M1, Control (MHHC)

-located midway on a SSE facing slope

-stabilized sand/silt soil

-partial shading from small shrubs

-associated plants: chokecherry, poison-ivy, wild rose, pasture sage, creeping juniper

M2, Grazing

-located on an upper SSW facing slope

-open sandy/silt soil

-no shading

-associated plants: poison-ivy, creeping juniper, pasture sage, wild rose

-plants were allowed to grow normally for most of June, and then cut to simulate
grazing/browsing
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APPENDIX IV: Monitoring data on western spiderwort growth and phenology on the
experimental plots (Appendix III).
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