. OL AND GAS RESOURCE POTENTI AL OF THE KOOTENAY AREA OF BRI Tl SH

COLUMBI A
by
Peter Hannigan, P.J. Lee, K G Osadetz and K. J sen-Heise
Pet r ol eum Resour ces Subdi vi si on
Institute of Sedi nmentary and Petrol eum Geol ogy
Geol ogi cal Survey of Canada
3303 - 33 Street NW
Cal gary, Alberta
T2L 2A7
April, 1993



TABLE OF CONTENTS

SUMVARY
| NTRODUCTI ON

GECLOG CAL SETTI NG AND PLAY PARAMETERS
Wat erton Col orado Foothills Gas Pl ay
Waterton Mannville Foothills Gas Pl ay
Waterton Mannville Foothills Q1 Play
Wat ert on Rundl e/ Wabarmun Foothills Gas Pl ay
Ki shenehn Tertiary G aben Gas Pl ay
Ki shenehn Tertiary Graben QG| Play
MacDonal d Pal eozoi ¢ Structural Gas Pl ay
Fernie - Elk Valley Mesozoic Structural Gas Pl ay
Fernie - Elk Valley Paleozoic Structural Gas Pl ay
Rocky Mountain Trench Cenozoic Structural Gas Pl ay
Belt - Purcell Structural Gl and Gas Pl ay
Belt - Purcell Immature Structural QI Play
Belt - Purcell Immature Structural Gas Pl ay
Belt - Purcell Conceptual Structural Q| Play
Belt - Purcell Conceptual Structural Gas Pl ay
Belt - Purcell Speculative Structural Gas Pl ay
Belt - Purcell Speculative Structural GO 1 Play

ASSESSMENT TECHNI QUE

RESOURCE APPRAI SAL
Wat erton Col orado Foothills Gas Pl ay
Waterton Mannville Foothills Gas Pl ay
Waterton Mannville Foothills Q1 Play
Wat ert on Rundl e/ WAbarmun Foothills Gas Pl ay
Ki shenehn Tertiary G aben Gas Pl ay
Ki shenehn Tertiary Gaben QG| Play
MacDonal d Pal eozoi ¢ Structural Gas Pl ay
Fernie - Elk Valley Mesozoic Structural Gas Pl ay
Fernie - Elk Valley Paleozoic Structural Gas Pl ay
Rocky Mountai n Trench Cenozoic Structural Gas Pl ay
Belt - Purcell Immature Structural G| Play
Belt - Purcell Immature Structural Gas Pl ay

SUVMARY AND CONCLUSI ONS

REFERENCES

APPENDI X 1: PROBABI LI TY DI STRI BUTI ONS AND RI SK FACTORS
APPENDI X 2: STATI STI CAL QUTPUT

FI GURE CAPTI ONS

160



SUMVARY

There are sixteen exploration hydrocarbon plays identified in
the Kootenay area of southeastern British Col unbia. The plays
are:

Wat ert on Col orado Foot hi |
Wat erton Mannvill e Foot hi
Wat erton Mannvill e Foot hi l

1 | s Gas Pl ay,

2 lls Gas Pl ay,
3 Is Gl Play,

4, Wat ert on Rundl e/ WAbanun Foothills Gas Pl ay,

5. Ki shenehn Tertiary G aben Gas Pl ay,

6. Ki shenehn Tertiary G aben Q| Pl ay,

7 MacDonal d Pal eozoic Structural Gas Pl ay,

8 Ferni e-El k Vall ey Mesozoic Structural Gas Pl ay,

9. Ferni e-El k Vall ey Pal eozoic Structural Gas Pl ay,
10. Rocky Mountain Trench Cenozoi c G aben Gas Pl ay,
11. Belt-Purcell Inmmature Structural G| Play,

12. Belt-Purcell Immture Structural Gas Pl ay,

13. Belt-Purcell Conceptual Structural G| Play,

14. Belt-Purcell Conceptual Structural Gas Pl ay,

15. Belt-Purcell Speculative Structural Gl Play, and

16. Belt-Purcell Speculative Structural Gas Pl ay.

The Waterton Col orado, Waterton Mannville QG| and Gas, Rocky
Mountain Trench Gas, and Belt-Purcell GOl and Gas Plays are al

imature and have mnor historical production. The Waterton
Rundl e/ Wabanun Gas Play is a nmature play wth abundant production
principally in Al berta. The remaining nine plays have no

est abl i shed reserves or production and are, therefore, conceptual.
The Belt-Purcell Conceptual and Speculative Gl and Gas Pl ays
were not assessed here Dbecause of the Jlack of relevant
i nformation. All other plays were assessed using current
practices enployed at the Petrol eum Resources Subdivision of the
Ceol ogi cal Survey of Canada.

The Waterton Colorado Foothills Gas Play is located in the
Foothills Belt of the Wstern Canada Sedinentary Basin. The play
covers an area of southwestern Al berta, northwestern and west-
central Montana as well as southeastern British Colunbia. Two gas
pool s have been di scovered in deforned Col orado Group sedinents in
the play. A total nean play resource of 6.7x10° (238 BCF) of
raw gas in place is inferred.

Simlarly, the Waterton Mannville Foothills G| and Gas Pl ay
is found in the Foothills Belt of Alberta, British Colunbia and
Mont ana. Three gas and two oil pools have been discovered in
Al berta. These pools have been delineated wi thin deforned Lower
Cret aceous rocks. Total nean play resources for oil and gas is
78x10° m (491 nmillion barrels) and 11.9x10° n? (422 BCF),
respectively.



Sufficient production has been attained in the Wterton
Rundl e/ Wabamun Play to classify it as a mature play. The pl ay
virtually covers the sane area as the previous Foothills plays.
Def or med Pal eozoi ¢ carbonates prove to be excellent reservoir rock
for the accumulation of gas. The total expected resource is
225.9x10° n? (8 TCF) of gas. The largest pool has already been
di scovered in the play (79.5x10° n? (2.8 TCF)).

There is a distinct risk attached to the existence of each of
t he conceptual plays. The Kishenehn Tertiary Gaben Gl and Gas
Plays are located in the valleys of the Mddle and North Forks of
the Flathead R ver in southeastern British Colunbia and
nort hwestern Montana. A high probability that this play exists is
illustrated with a play-level risk of 0.90. |If the play exists, a
mean play potential of 17.9x10° n? (632 BCF) and 60.7x10° n? (382
mllion barrels) have been conputed for gas and oil, respectively.
The largest inferred nedian pool sizes in these plays are 3.1x10°
m (109 BCF) and 9.1x10° n? (57 nillion barrels) respectively.

The deforned sedinents that are incorporated within the
MacDonal d Pal eozoic Structural Gas Play underlie the Tertiary
sedinents in the Kishenehn G aben and outcrop to the west of the
graben. There is a 0.50 probability that the play does not exist,
as reflected in potential problens associated with seal due to
outcropping of potential reservoir materi al and timng of
deformation with respect to hydrocarbon generation. The nean play
potential has been predicted to be 3.4x10° nf (121 BCF) while the
medi an of the largest pool size is calculated to be 1.8x10° nt (64
BCF) .

The Fernie-Elk Valley Mesozoic Structural Gas Play consists
of Mesozoic sedinents that are found in the Fernie Basin and El k
Valley of southeastern British Col unbia. There is a 0.20
probability that this play does not exist principally due to sea
problens as a consequence of the outcropping of potentia
reservoir mterial. The ultimate mean play potential is 203x10°
m (7 BCF) of gas. The nedian of the largest pool size has been
predicted to be 81.4x10° n? or 3 BCF.

The Pal eozoic play in the Fernie Basin and Elk Valley is
| ocated in southeastern British Colunbia as well. A 10% chance
that the play does not exist has been assigned here, principally
due to problens associated with the timng of hydrocarbon
generation with respect to structure formation. Seal is less of a
risk because the Paleozoics are less |ikely to outcrop. The
expected nean play potential is 5.1x10° n? (182 BCF) while the
medi an of the largest pool size is expected to be 1.5x10° n? (53
BCF) .

The Cenozoic gas play in the Rocky Muwuntain Trench has been
classified as an immature play because mnor production of



bi ogeni ¢ gas has been recorded near Fl athead Lake in Montana. The
ultimate mean play potential is 849x10° n? (30 BCF). It is
expected that the play is not significant because the gas pools
woul d be very small.

The Belt-Purcell Immature Structural Gl and Gas Plays
constitute one of the ol dest exploration plays in Wstern Canada.
Ol was produced at one tinme fromQl Gty in Waterton Nati onal
Par k. Al though the play-level risk is non-existent, individua
prospects woul d have nmuch hi gher risks because production seens to
be exclusively involved with secondary fracture porosity. Primary
porosity has been elimnated due to Precanbrian netanorphism _ The
ultimte nean play potential is estimated to be 4.5x10° n? (28
mllion bbls.) for oil and 622x10° nf (22 BCF) for gas. The
| argest median pool sizes are 8x10° n? (5 niilion bbls.) and

118x10° n? (21 BCF) respectively.

The total oil and gas potential for the entire Kootenay area
is 143x10° n? (901 nillion bbls.) and 272.7x10° n? (9.6 TCF),
respectively.

| NTRODUCTI ON

In Cctober 1992, John WMacRae, Director of the Petroleum
Geol ogy Branch of British Colunbia's Mnistry of Energy, Mnes and
Petrol eum Resources requested that the Institute of Sedinentary
and Petrol eum Geology of the Geol ogical Survey of Canada assess
t he hydrocarbon potential of certain sedinentary basins in British
Col unbi a. Consequently, an assessnent of the sedinentary basins
surroundi ng Vancouver |sland was conpleted and submtted to the
Mnistry in January, 1993. That work constituted Phase | of the
information requested by the Mnistry. This report deals wth
Phase 11, which describes the results obtained froman oil and gas
assessnent of the Kootenay area of southeastern British Col unbi a.
Results from these assessnents are to be enployed by British
Colunbia's Comm ssion on Resources and Environnment, which is
currently performng a detailed I|and-use planning study of
sel ected areas in the Province.

G S C hydrocarbon resource assessnents are conputer-
generated by an internally formul ated statistical programknown as
PETRI MES (Lee and Wang, 1990). These assessnents can be applied
to mature, immature and conceptual hydrocarbon plays. A play is
defined as a famly of hydrocarbon pools or prospects with simlar
histories of hydrocarbon generation and mgration as well as
simlar trapping mnechanisns and reservoir configurations. A
mature play has sufficient discoveries and pool definitions for
anal ysis by the "discovery process nodel"” while an immature play
has too few discoveries to allow analysis by this nethod. A



conceptual play has no defined pools, just prospects.

Most of the plays in this assessnent were defined as either
conceptual or immature and the pool-size distributions were
generated using probability distributions of geol ogical variables
substituted into the standard pool -size equati on.

Fol  owi ng conpilation of pertinent geological information in
the Kootenay area as well as adjacent Mntana (see reference
list), 16 potential geological plays were recognized. Five of
these plays have oil potential while the renmainder have gas
prospects. In addition, four of the plays have been defined as
occurring wthin the Foothills Belt of the Wstern Canada
Sedi nentary Basi n. The boundaries of these Foothills plays are

illustrated in Figures 1-3. As illustrated on these play naps
only a small wedge of territory in southeastern British Col unbia
is included in the areal extent of the Foothills plays. The

Foothills plays described in this report are the Waterton Col orado
Gas, Wat ert on Mannville Ql and Gas and the \Waterton
Rundl e/ Wabanun Gas. The mmj or proportion of the area covered by
these plays is found in Al berta and Mnt ana.

The Foothills Belt within the Wstern Canada Sedinentary
Basin consists of a large volunme of sedinents occupying the area
directly east of the Cordillera from southwestern Northwest
Territories through northeastern British Colunbia, west-central
and southwestern Alberta, and northwestern and west-centra
Mont ana.

There are also five internontane sedinentary basins in the
Koot enay regi on which accommodate the remai ni ng el even expl oration
hydr ocar bon plays (Figures 1-3).

Two plays in Tertiary sedinents are recognized in the
i nternontane sedinentary basin called the Kishenehn G aben which
is located in the Flathead River Valley in B.C. and northwestern
Mont ana (see Figure 1).

Pal eozoic sedinments occurring in the hangingwall of the
Fl athead normal fault are basinal deposits. The sedinents filled
a Pal eozoic basin and subsequent to thrusting now underlie the
Ki shenehen Tertiary sedinents and outcrop west of the Gaben in
t he MacDonal d Done. One potential gas play has been recognized in
t hese rocks (Figure 2).

Anot her sedinentary basin occupied by both Mesozoic and
Pal eozoic sedinments is known as the Fernie and Elk Valley Basin
This basin occurs north of the Kishenehen Gaben in the vicinity
of the town of Fernie and north into the Elk R ver Valley. Two
potential gas plays are present (Figures 1&2).



Further west is another najor graben feature known as the
Rocky Mountain Trench that contains potential hydrocarbon-bearing
sedinents (Figure 1).

The | argest sedinmentary basin in the Kootenay area occupies a
very large area of southeastern British Colunbia, extrene
sout hwestern Al berta, a |large portion of western Montana and parts
of northern Idaho. These sedinents are of Proterozoic age and are
known as the Belt-Purcell Series of rocks (Figure 3).

Si xteen plays were defined in this area. They are the:

1) Immature Waterton Col orado Foothills Gas Pl ay,

2) Immature Waterton Mannville Foothills Gas Pl ay,

3) Immature Waterton Mannville Foothills Gl Pl ay,

4) NMature Waterton Rundl e/ Wabunmun Foothills Gas Pl ay,

5) Conceptual Kishenehn Tertiary G aben Gas Pl ay,

6) Conceptual Kishenehn Tertiary Gaben Gl Play,

7) Conceptual MacDonal d Pal eozoic Structural Gas Pl ay,

8) Conceptual Fernie-El k Valley Mesozoic Structural Gas Pl ay,
9) Conceptual Fernie-El k Valley Pal eozoic Structural Gas Pl ay,
10) I nmmature Rocky Mountain Trench Cenozoi c G aben Gas Pl ay,
11) Belt-Purcell Immature Structural Q| Pl ay,

12) Belt-Purcell Immature Structural Gas Pl ay,

13) Belt-Purcell Conceptual Structural G| Pl ay,

14) Belt-Purcell Conceptual Structural Gas Pl ay,

15) Belt-Purcell Speculative Structural Gas Play, and the

16) Belt-Purcell Speculative Structural QI Pl ay.

GEAQLOG CAL SETTI NG AND PLAY PARAMETERS
Wat erton Col orado Foothills Gas Pl ay

This play is located in the Foothills Belt of southwestern
Al berta, extreme southeastern British Colunbia, and northwestern
and west-central Mntana (see Figure 1). The stratigraphic
interval of interest includes Lower to Upper Cretaceous sedinents
wi thin the Col orado Group and equi val ents.

During conpilation of geological information for the study of
the oil and gas potential of the Foothills Belt at the ISPG it
was recognized that there are five major geographic areas. al
and gas pool s t hat exhi bi t simlar gr oss structura
characteristics were grouped into a single geographic area. The
sout her nnost geographic area defined within the Foothills Belt is
called the Lewis Thrust Geographic Area. Sedinents east of and/or
directly related to the Lewis Thrust in Canada and Montana as wel |
as the Eldorado and Lonbard Thrusts in Mntana are considered to
occur in the Lewis Thrust Geographic Area. The four Foothills
plays in this assessnent are found in the Lewi s geographic area.



The eastern limt of Colorado Goup thrusting defines the eastern
boundary of the Wterton Colorado Play. The Waterton Col orado
Foothills Gas Play covers an area of approximately 35075 square
kil ometres of which about 1540 square kilonmetres is located in
British Colunbia (4.4% of the total area)(see Figure 1). Three
hundred and nineteen exploratory and developnent wells have
penetrated the Colorado Goup rocks in the play. Two gas pools
have been defined which would classify the play as immture.
These pools were fortuitously discovered in the Waterton Field of
sout hwestern Alberta since the nmgjor tar get was deeper
M ssi ssi ppian and Devonian carbonates. The gas was found in
Cardi um sands and total raw gas in place of the two pools has been
calculated to be 199 mllion cubic netres (ERCB, 1990). Hall's
study of the Waterton Field (1969) illustrates the overthrusting
of M ssissippian sedi nents onto younger rocks consequently form ng
hydrocarbon traps in the M ssissippian carbonates. The younger
Cardium sands would also be affected simlarly, thus formng
hydrocarbon traps in the sands. Bruce and Frey, 1982 indicate
thrusting of Cretaceous rocks in their structural geol ogical
cross-sections in the Waterton Field. Sinple and conplex thrust
faulted anticlines seemto be the principal trapping regine in the
Foothills of southern Al berta.

The Colorado Goup sedinents vary greatly in thickness
t hroughout the Waterton Colorado Play. In the Crowsnest Pass area,
Col orado or Al berta Goup sedinents range from 378 to 830 netres
thick of which the principal reservoir sand (Cardium varies from
3 to 90 netres (Norris, 1971). Therefore, potential reservoir
sands would nmake up approximately 1 to 25% of the total
successi on.
Herr, 1967, wWall and Rosene, 1977, Rice and Cobban, 1977, and
Vielle and Harris, 1965 all discuss the stratigraphy of the Upper
Cretaceous succession in the play area. Structural studies of
these rocks are found in Bruce and Frey, 1982, Price, 1962a, 1965,
Bally, Gordy and Stewart, 1966, and Dahl strom 1970.

Ceological risks are inportant conponents in immature and
conceptual play assessnents. Pl ay-level risks consider the
exi stence of adequate source rocks, seals, mgration conduits, and
the timng of trap formation wth respect to hydrocarbon
generation. The fact that two gas pools have been defined would
indicate that all play-level risks have been satisfied and the
pl ay exists. The above risk factors can be assigned to individual
prospects, however.

Waterton Mannville Foothills Gas Pl ay

The Waterton Mannville Play essentially occupies the sane
area as the previous play but involves older rock of Lower
Cretaceous age (Mannville or Blairnmore Group sedi nents)(see Figure
3). The eastern boundary is |ocated west of the eastern boundary



of the Colorado play. The westward novenent of the eastern
boundary down-section characterizes the Foothills Belt in this
area. Thrusting associated with the Laram de orogeny pushed ol der
rocks in an easterly or cratonward direction over top of younger
sedinments. Since these thrusts cut up-section in the direction of
transport, the boundary limting deforned rocks in the Foothills
from flat-lying rocks in the Plains would nove west as one goes
down-section. The Witerton Mnnville Play occupies an area of
33850 square kilonetres of which 1540 or 4.5% is found in
sout heastern British Colunbia (Figure 3).

A total of 280 exploratory and developnent wells have
intersected the Mannville Goup succession in this play area.
Three gas pools have been defined in the play, all in Al berta
(ERCB, 1990). Two pools were discovered in the Todd Strike Area
while the other was found in the Waterton Field. Dougl as, 1950
notes abundant thrust faults in Lower Cretaceous rocks in his
structural cross-sections. Total raw gas volune recorded in this
play is 459 mllion cubic nmetres (ERCB, 1990).

The Mannville or Blairnore G oup of Lower Cretaceous clastic
strata varies widely in thickness. For exanple, in the Crowsnest
Pass area of Alberta, thickness varies from 375 to 2015 netres.
| nportant reservoir exanples are the Hone sandstone nenber and the
Dal housi e Formation (equivalent to Cadomn). One gas pool was
defined in the Cadomn in the Waterton Field. The two renmaining
pools at Todd were listed as Blairnore accunul ations. A general
di scussion of the stratigraphy and sedinentology of the Cadomn
Formation is presented in MlLean's paper, 1977. A discussion of
Cretaceous stratigraphy in Qacier National Park is found in R ce
and Cobban's paper (1977).

The existence of three gas pools satisfies all of the play-
| evel risk factors so the play definitely exists. Any risk should
be assigned to the prospect level only. The play is classified as
I mmat ur e.

Waterton Mannville Foothills Q1 Play

This play covers the sane area as the Mannville gas play and

invol ve the sane package of rocks. Two oil pools have been
di scovered and defined in the play. The oil pools were found in
the sane discovery well in the Pincher Creek Field in the Lower
Mannvi l | e succession. G in place is 454.6x10° n? (2.86 nillion

bbls). These oil pools are gas-free and structurally-controll ed.
The Dal housie sand of the Mannville Goup is probably the main
reservoir sand in the Cretaceous clastic succession.

The discovery and definition of two oil pools in the play
classifies it as immture.



Wat ert on Rundl e/ Wabanun Foothills Gas Pl ay

This Foothills play covers approximately the sanme area as
noted previously in the other Foothills plays (Figure 2). | t
occupies an area of approximately 31750 square kilometres wth
1540 square kilonetres occurring in southeastern British Col unbia
(about 4.9% of the total area). A total of 232 exploratory and
devel opment wells penetrated the M ssissippian and/or Devonian
succession. Twenty-six gas pools in eight fields were defined in
t he play. Included are two | arge carbon dioxide-rich gas pools
di scovered by Shell in the Sage Creek area of British Col unbia.
The total in-place raw gas reserves defined in British Colunbia is
17x10° n? (600 BCF) while the total reserve for the entire play is
185. 6x10° n? (6555 BCF).

Por ous Pal eozoic carbonates are the principal target for gas
exploration in the Foothills Belt of southern Al berta and western
Mont ana. Dolomtes found in the Mssissippian Turner Valley
Formation are the domnant reservoirs in the area. Trap
configuration is comonly represented by structural thrust-faulted
anticlines. Possi ble source beds are found in Devonian rocks
generally associated with reef conplexes, the Lower M ssissippian
Exshaw Formation, the Jurassic Fernie Formation and shales in the
Cretaceous succession. Magration of hydrocarbons has occurred in
the play through fault pathways. Seal is provided by the nunerous
interbeds and overlying sequences of shale and non-porous
i mestones. Average pay thickness in the Pincher Creek Field is
116 netres. At the Waterton Field, it averages 46 netres.
Average porosity at Pincher Creek is 4.2% while at Wterton it
averages 5. 7% (Norris and Bally, 1972).

Sufficient discoveries have been made in this exploration
play to classify it as mature. Therefore, the "discovery process
nodel " can be used for retrieving the gas potential (Lee and WAng,
1990) .

Ki shenehn Tertiary G aben Gas Pl ay

The Kishenehn Tertiary sedinments fill a half-graben that
occupies the valleys of the North Fork of the Flathead R ver in
sout heastern British Colunbia and the Mddle Fork in northwestern
Montana along the western boundary of dacier National Park
(Figure 1). It covers an area of 1350 square kilonetres of which
235 square kilometres or 17% of the territory is found in British
Col unbi a. Possi bl e targets for hydrocarbon accumrul ati ons incl ude
Early to Late digocene rocks. These rocks were deposited in
fluvial and | acustrine depositional environnments.

A total of nine wells have been drilled to date in the basin.

At | east four gas shows have been reported in four of the wells.
Frequently, the old drilling reports are not quantitively
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accurate in the exact nunber of shows discovered in the wells
Therefore, the nunber of shows indicated in this report nmay err on
the | ow side.

The total thickness of the Tertiary succession has been
estimated up to 5000 netres (Constenius et al, 1989, R D
McMechan, 1981, Curiale and Sperry, 1987). P.B. Jones, 1969a
cites a thickness of 4700 netres. Sedi nrents where sands and
conglonerates are sufficiently porous and perneable to be
classified as reservoir material seem to occur in the upper 1500
nmetres of the A igocene sedinentary package.

Prospects can be found in traps forned by snall-scale
antithetic normal and reverse faulting wthin the Kishenehn
ext ensi onal basin. Sandstone and conglonerate pinchouts and
faci es changes may produce stratigraphic traps as well. The lack
of available seismc data nade the inference of the area of
closure as well as vertical relief of the traps poorly
const r ai ned. Appraisals of area of closure were nade by using
geol ogi cal anal ogues. The largest closure estimated in this play
was 5 square kilonmetres while the snmallest could be 0.5 square
kil onetres (see Appendix 1). The total area under closure in the
basin is gauged to be in the order of 700 square kil onetres.

Porous sands and conglonerates are both thick and thin and
usual | y stacked. These porous zones range in thickness between
one to thirty netres. The proportion of potential reservoir
material varies widely within the basin (1 to 45%. Porosity in
reservoir zones seemto vary between 8 to 25% wi th average val ues
inthe 8 to 12%range. There seens to be no evidence for secondary
fracture porosity in this play.

Excel l ent source rock potential for gas is present in the

Ki shenehn Basi n. Organic-rich shales are the predom nant gas
source in the area. Type I, Il and 11l kerogens have been
observed throughout the basin (Curiale, 1987). Vitrinite

refl ectance (Ro) ranges from 0.27 to 0.51 in the basin. The TCC
ranges fromO0.1 to 50% wth an average of 6% The average H has
been observed to be 550 ngy/g. These organic geochem stry val ues
indicate that the potential for source rock in the basin is
excellent, though thermally inmmature. Although thermal maturity
data signifies that tenperatures were not high enough for
hydr ocar bon generati on on the western border of the basin (Curiale
et al, 1988), burial by a thick succession of sedinents in the
centre would provide sufficiently high tenperatures for the
generati on of hydrocarbons.

Most of the deformation that established the genera
framework of the internontane basins in the area occurred during
t he Upper Cretaceous to Pal eocene tine interval (Constenius, 1982,
and Mudge, 1982). The Kishenehn basi nal structure was fornmed as a
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consequence of Lewis thrusting. Subsequent to thrusting, the
Flathead listric normal fault system devel oped along the eastern
margin of the basin. Sedi nentation of the digocene Kishenehn
Formation then occurred within the basin. There is a pervasive
dip eastward of the Kishenehn sedinents toward the Flathead fault
system Al so, drag folding of the Kishenehn occurs along the
eastern basin margin. This suggests that extension in the basin
continued subsequent to sedinmentation possibly to Recent tines
(Consteni us, 1982). Therefore, the major deformation producing
the basin occurred previous to sedinentation while further
extensional forces operated during and subsequent to sedinent
deposition. The presence of many normal and thrust faults in this
geol ogi cal setting provide abundant opportunity for hydrocarbon
m gration. Nunerous interbedded and overlying shales would
provi de sufficient seal.

Ki shenehn Tertiary Gaben G| Play

The oil play occupies the sane area as the Kishenehn Gas in
sout heastern British Colunbia and northwestern Montana. The play
paraneters described for the Kishenehn Gas would thus be simlar
to this play for the nost part.

At |east four oil shows have been recorded within the 9 wells
drilled in the basin. |In addition, oil shales were recognized in
various parts (Curiale, 1987a, Constenius and Dyni, 1983),
principally in the lacustrine sedinents as opposed to the fluvia
segnent . Excellent oil-prone, though thermally immuature, source
rocks are present in the basin. Abundant oil shales and sapropelic
coal s have been found in the basin. Type | Kkerogen is commonly
present, especially in the northern part of the basin. As not ed
above, the sedinent succession is sufficently thick that buria
met anor phi sm woul d produce tenperatures high enough so that both
liquid and gaseous hydrocarbons could form Trap formation,
m gration and seal are all present.

MacDonal d Pal eozoi ¢ Structural Gas Pl ay

This conceptual petroleum play consists of the Paleozoic
sequence occupying the hangingwall of the Flathead normal fault.
This would place the play inmmedi ately west of and underlying the
Fl at head Graben (Figure 2). The total area of play is 7400 square
kilonmetres of which 900 or 12% of the area is found in
sout heastern British Colunbia. The MacDonal d Done |ocated in B.C
gives the play its nane (Price, 1965). A thick Pal eozoic
successi on of carbonates as well as clastic sedinents provide an
age range of targets fromPerman to Mddle Canbri an

Only 2 wells have been drilled into the Paleozoics in this
pl ay and no hydrocarbon shows have been report ed.
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Stratigraphic thicknesses recorded in this area produce a
total Pal eozoic sedi nent succession of 1600 to 1850 netres. The
actual prospect succession thickness would be the sane since
reservoir material was found at both end-nenbers of the sequence.

Structure types found in this play are |arge-scale drape
folds related to listric normal faulting, sinple conpressional
folds, thrust faults and sone unconformty truncations. These
structures devel oped during the Maastrichtian as a consequence of
Lewis thrust faulting and were nodified in the A igocene during
which normal faulting of the Flathead fault system produced the
Fl at head G aben. Conpressional structures that were devel oped
during the Laram de orogeny were nodified by extensional forces
functioning in the Fl athead epeirogeny.

The |argest area of closure recognized in the play is 100
square kilonmetres under the MacDonal d Done. The second | argest
structure observed is the Trail Creek Structure in Montana with an
area of 78 square kilonmetres (Fritts & Klipping, 1987b). The
m ni num area of closure is probably 0.5 square kilonetres. There
are at |least two prospects since two wells were drilled. However,
it is felt that there should be about 100 prospects in the play.
Vertical closure is estimated to be 800 netres in the MacDonal d
Donme and 300 netres at Trail OCreek. Average relief is probably
300 netres while mninmumvertical closure could be five netres.

The potential reservoir interval ranges from the Upper
M ssi ssi ppian Etherington Formation to the Mddle Canbrian El ko
Formation. Both thick and thin carbonate reservoirs occur in reef
bui | dups, edges of mnarine shelves or interiors of carbonate
shoal s. Estimated thickness of porous and perneable material
conpared to total thickness varies from 2 to 6% Secondary
fracture porosity is present as exhibited by occasional water
flows below the depth of 1350 netres. Primary and secondary
porosity is estimated to range from 8 to 30% with an average of
15% i n porous strata.

Possi ble source rocks for gas in the MacDonald Pal eozoic
Structural Play are shales in the Fernie Goup and the Exshaw
Formation as well as coal seans found in the Jurassic-Cretaceous
Kootenay Goup (Clayton et al, 1982 and Missner et al, 1984).
Solid pyrobitunens were noted in geological well logs in the
M ssi ssi ppi an Munt Head, Livingstone, and Banff Formations as
wel | as the Devoni an Fairhol me G oup.

The main episodes of orogenic and epeirogenic folding
postdate the peak organic maturation produced after normal buri al
met anor phi sm The relative timng of maturation and hydrocarbon
generation with respect to trap formation is considered to be
unfavourable in this play. Simlar timng relationships exist
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t hroughout the Foothills of western Canada w thout appreciably
depleting the hydrocarbon content of Laram de structures. The
presence of large volunes of hydrocarbons in the structures
suggest that either a subsequent period of hydrocarbon generation
occurs after the structures form or a redistribution of
predeformati onal stratigraphically-trapped hydrocarbons into |ater
structures has occurred. A substantial play-level risk is
assigned to reflect this timng problem The fact that
extensional forces that predomnate in the graben could generate
open fractures, inplies that gas | eakage coul d occur.

Nunmerous normal and thrust faults and fractures present in
the area provide abundant opportunity for hydrocarbon mgration
The presence of overlying and interbedded shales may provide sea
in sonme cases. However, seal may be breached if faults intersect
porous Kishenehn strata overlying the Pal eozoics. The gas colum
could come in contact with this porous material and thus be |ost.

The seal risk-factor would in this case be prospect-level. Sea
at a play-level would also be a problem in sone cases since a
| arge portion of the Pal eozoic succession outcrops to the west of
t he G aben.

Fernie - Elk Valley Mesozoic Structural Gas Pl ay

This play enconpasses the Fernie Basin as well as the Elk
River Valley north of the Basin (Figure 1). The play area is
about 2100 square kilonetres of which 99% of the territory is
found in southeastern British Colunbia. This hydrocarbon-bearing
sedi mentary basin is well-known as a coal mning area and nunerous
articles describe the geology with the coal and coal -bed nethane
potential (G bson, 1985, Gieve and Kilby, 1989, Johnson and
Smth, 1991, for exanple). There are many other papers as wel
(see reference list). The age range of possible hydrocarbon
targets is Late Cretaceous to Late Triassic. Thin reservoir sands
have been observed throughout the Mesozoi c sequence.

Four wells have penetrated the Mesozoic succession in this
play area. Al wells penetrated coal seans but three were
classified as dry holes. Coal-bed nmethane potential was realized
in the fourth hole in the Elk River valley. The thickness of the
prospect succession as well as the total succession varies from
1370 to 4500 netres depending on its |ocation.

Hydrocarbon traps can form as a result of si npl e
conpr essi onal f ol di ng, nor mal and reverse faulting, and
extensional slunping that produce accommobdation structures. | t
has been estimated that these structures were forned from Upper
Cretaceous (Mastrichtian) to Aigocene tine. Structural closure
area varies from 15 to 1 square kilonetre while vertical closure
has been estimated to range froma nmaxi mum of 400 netres down to a
mninmumof 5 netres. Fifty prospects were estimated in this area.
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Thin reservoir sands are found interspersed throughout the
stratigraphic succession. It has been estinmated that only 1% of
the total succession would have suitable characteristics to be
classified as reservoir. Secondary fracture porosity is possible
due to open fractures occurring downhole in the wells drilled in
the play. Porous sands and fracture zones vary in porosity froma8
to 36% while the average porosity noted in the sands would range
from10 to 15%

Abundant source-rock material for gas is present in the coal
seans of the Mst Muntain and Elk Formations as well as dark

marine shales in the Wpiabi, Blackstone, and Rock Creek
Formations. Type IIl and |l esser amounts of Type Il kerogens have
been recognized within these sedinents. Vitrinite reflectance

val ues range from0.6 to 1.6.

Ceneral |y, structure formation occurs subsequent to
deposition of both reservoir and source rocks. This woul d suggest
that primary hydrocarbons produced by normal burial maturation
would not be trapped during the Laram de orogeny. Structures
postdate the peak organic maturation episode but as denonstrated
in the previous play this sequence of events does not preclude the
exi stence of substantial hydrocarbon resources.

M gration should be no problem because of the abundance of

faults that would provide pathways for fluid passage. Seal ,
however, is a problem in sone instances since Mesozoic rocks
outcrop throughout the play area. It has been estimated that

there may be at |east 30% communi cation of hydrocarbon-bearing
sedinents wth the surface which would inply that these
hydrocar bons woul d | eak out and be |ost. However, other prospects
could have seal if there are enough interbedded and overlying
shal es to provide inperneabl e | ayers.

Structural characteristics are very simlar to the Foothills
Turner Valley Blairnore mature gas play. The |ognormal discovery
process nodel was used in evaluating this Foothills play. The
mean and variance of the |lognormal conditional pool size
distribution was retrieved and used for the statistical input
paraneters for the evaluation of the Fernie - Elk Valley Mesozoic
play. The nean of the conditional pool size distribution is 2.96
while the variance is 1.50.

Fernie - Elk Valley Paleozoic Structural Gas Pl ay
The Pal eozoic succession generally underlying the Mesozoic
sedinents in the Fernie Basin and Elk Valley constitute another

structural gas play in the area (Figure 2). The play area is
estimated to be 1850 square kilonmetres with 99% of the area in
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British Col unbi a. Three wells penetrated the Pal eozoi c sequence
in the play. No hydrocarbon shows were reported in the wells.
Stratigraphic studies indicated that the Paleozoic succession
varies in total thickness from 1980 to 3050 netres. The thickness
of the prospect succession ranges from 1745 to 2540 netres.

Structure characteristics would be simlar to those affecting
t he Mesozoic succession. Area of closure would again range from
15 to 1 square kilonetre. Vertical relief is unknown, however
Age of structure formation would also range from Maastrichtian to
A igocene. There may be 50 prospects in this play as well.

Prospective reservoir rock is found in the Upper
M ssi ssi ppi an Etherington Formation and continues intermttently
down the stratigraphic colum to the Mddle Canbrian El ko

For mat i on. The nost I mport ant reservoir occurs in the
M ssi ssippian Turner Valley Fornmation. The majority of the
reservoirs are both thick and thin carbonate porous intervals
found in reef buildups, shelf edges, and shoal interiors.

Reservoir thickness conpared to thickness of the total Paleozoic
succession ranges fromO to 3.5% Mnor open-fracture zones may
produce secondary fracture porosity. Porous carbonates and open-
fracture zones vary in porosity from 8 to 35% The average
porosity in the reservoirs is 15%

The gas source in this play is present in the coal seans of
the Kootenay G oup and the marine shales of the Fernie G oup and
Exshaw Formati on. Solid pyrobitunens were noted in geol ogical
well logs in the Tunnel Muntain, Munt Head, Livingstone, and
Banff Formati ons.

Structure generation postdates the hydrocarbon generation
that would be produced during the peak organic maturation event.
Simlar episodes throughout the Foothills did not severely
depreci ate the hydrocarbon potential in Laramde traps. Mgration
woul d be easily facilitated due to the presence of nunerous fault
pat hways. Seal would be acconplished in part with the presence of
numer ous i nterbedded and overlying siltstones and shal es. Less
risk would be assigned to seal in this play than the Mesozoic
since nost of the Pal eozoic rocks do not outcrop

This play was identified as being very simlar in character
to the Burnt Tinber Wbanun/Palliser Foothills Play. The
| ognormal | y-derived pool size distribution from this Foothills
play was used for the evaluation of the Fernie Pal eozoic play.
The nmean and variance used was 5.719 and 1.192.

Rocky Mountain Trench Cenozoic G aben Gas Pl ay

This play includes the Cenozoic sedinentary succession that
has accunmulated in the Rocky Muntain Trench of southeastern
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British Colunbia and northwest Mntana (see Figure 1). The
Cenozoi c sedinents include both the Tertiary clastic sedinents as

well as the Quaternary glacial drift. Insufficient information
was available in order to segregate the Quaternary and Tertiary
sequences. Therefore, the age range of prospects ranges from

Pl ei stocene to Pal eocene. The play enconpasses an area of 5100
square kilonetres of which 1325 or 26% of the area is found in
British Col unbi a.

Fifteen wells have penetrated these sedinents in this play.
Two of the wells in the Flathead Lake produced snall anounts of
bi ogeni ¢ gas at one tine.

The total succession as well as the prospect succession
varies in thickness from 370 to 1830 netres dependi ng on | ocation
in the Trench.

Hydrocarbon trap type are small-scale antithetic and
synthetic normal and reverse faults wthin extensional grabens in
the Trench, stratigraphic sandstone and congl onerate pinchouts in
the sedinents, and snmall drape folds in the graben. The
structures noted above developed post- and syn-digocene,
subsequent to and synchronous to sedi nentation

Many of the reservoir paraneters in this play are unknown,
such as area of closure, vertical closure, porosity and proportion
of reservoir rock to total sedinment thickness. Par anmet er s
associated with the Kishenehn G aben play can be used because of
the simlarity of tectonics and sedinentation in the two plays.
The nunber of prospective structures estimated in this play are
estimated to be four tinmes the Kishenehn Play due to play area.
Ei ght hundred structures were estimated conpared to 200 at
Ki shenehn.

Thin sands and gravels constitute the reservoir fraction in
t he pl ay.

The biogenic gas source in this play wuld be swanp and
glacial drift gas pockets as well as peat deposits. Dark marine
shal es coul d produce sone thernbgenic gas.

Structure formation would generally predate or be synchronous
with sedinentation and primry hydrocarbon generation due to
normal burial maturation. The presence of reservoir is risky in
this play since the potential reservoir material is found in
channel deposits which would be quite local and unpredictable.
M gration would be no problem because of the many fault pathways
in the play. At a play-level, the risk of seal would be snall
because of the presence of nunerous inperneable boul der clays and
shales. At a prospect-level, seal could have a greater risk since
t hese boul der clays and shales do not occur everywhere in the
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pl ay.

It has been proven that this play would be classified as
immature because of mnor previous gas production. The
significance of this play should be downgraded because the pools
are probably very snall.

Belt - Purcell Structural Gl and Gas Pl ay

This play enconpasses the ol dest known sedi nentary successi on
on the North American m ogeocline. Six separate geol ogical plays
are recognized within these Proterozoic sedinents. An eastern
central and western subdivision are proposed because of the w dely
varying anmount of geol ogical and petroleum information avail able
t hr oughout the basin. It was decided that the Belt - Purcell
Basin should be divided into an inmmture, conceptual, and
specul ative zone respectively, in order to illustrate this
information contrast. In addition, each of these divisions are
assigned an oil and gas potential conponent.

Belt - Purcell Immature Structural Gl Play

This immture oil play is one of the ol dest exploration plays
di scovered in western Canada. The first well drilled in Al berta
was spudded beside sone oil seeps in Proterozoic rocks in 1901 in
what is now Waterton ParKk. This eastern division of the Belt -

Purcell Basin covers an area of 19800 square Kkilonetres in
sout heastern British Colunbia, southwestern Alberta and west-
central and northwestern Mntana (Figure 3). Si x hundred square

kilonmetres of this play is found in B.C. (3%. N nety-seven wells
have been conpleted in the Proterozoic sedinents and at |east 52
oil shows in 24 of the wells were found. About 1000 barrels of oi
had been produced at one tine in this play (159 cubic netres).
Nunmerous oil seeps are found in this play especially around the
I nternational Boundary (Boberg, 1984, Darrow, 1955, Hune, 1964,
and Link, 1932). The thickness of the total sedinent succession
as well as prospect thickness varies from 2200 to 7200 netres.

Trap types in this play would involve conpressional folding,
drape folding of Precanbrian strata over duplex structures in the
the Lewis Plate, and traps produced by nornmal and reverse faults.

Dupl ex structures and drape folds would have been fornmed during
thrusting epi sodes. The |argest area of closure observed over one
of these duplex structures is approximately 800 square kil onetres.

The m ninmum area would be in the order of 0.5 square kilonetres
possi bly associated with sinple fault traps. The large areal
extent of the play inplies that a very |large nunber of structures
probably exists. Fi ve thousand was chosen as the nmaxi mnum nunber
possi ble while 250 denotes the lower Iimt. Vertical closure of
the largest structure was estimated to be about 300 netres while
the small est could be 10 netres.
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The prospective zone considered in this play ranges fromthe
Upper Proterozoic Horsethief Creek Goup to the Mddle Proterozoic
Waterton Formati on. Al sedinments in this succession have been
met anor phosed to the | ower greenschist facies which destroyed al
primary porosity. The clean sandstones and carbonates in this
play are brittle, so fracturing is probable and secondary fracture
porosity could be present. There is a relatively small percentage
of clays in this succession so many of the fractures should remain
open or be sparsely cenented. The nean porosity estimte
considering the whole rock volune is 0.1% |If hydrocarbons are
present in these fractures, the hydrocarbon saturation should be
rel atively high.

Source rock has been speculated to be the Colorado G oup
Speckl ed Shal es. Mgration could be a significant risk factor
because there is a substantial thickness of stratigraphic section
t hrough which fluids nust mgrate vertically before they encounter
any Belt - Purcell sedinents. During mgration, the hydrocarbons
would nost likely enter Belly R ver and Cardium reservoir sands
bef ore invading any Proterozoic rocks. Seal would have sone risk
as well because extensional fractures could formin the brittle
rock over hydrocarbon-bearing antiformal drape structures and
| eakage could occur. Fractures over synformal structures can form
as well. In other circunstances, seal could be a positive risk
factor if one considers that since all primary porosity has been
renoved from these rocks, the resultant dense sedi nents woul d act

as inperneable barriers. Formati on of structures postdate the
hydr ocar bon charge produced by normal burial maturation. The fact
that many Laramde structures are filled to spill-point wth

hydrocarbons in the Foothills of western Canada inplies that
timng is not necessarily an unfavourable factor for accumulation
of significant resources of hydrocarbons. No play-level risk
woul d be assigned because the play is known to exist with the
presence of fornmer oil producers and oil seeps.

Belt - Purcell Immature Structural Gas Pl ay

An immature gas play would occupy the sane position in the
eastern section of the Belt - Purcell Basin (Figure 3). 1In the 97
wells drilled to date in the play, at least 33 gas shows were
logged in 11 wells. Mst of the play paraneters described in the
oil section would apply to the gas conponent. However, gas source
would nore |ikely be the Exshaw shal e which would be buried nmuch
deeper than the oil sources. The deeper burial would suggest a
hi gher risk for source and mgrati on because any gas produced at
source would have to vertically mgrate past a |arger nunber of
potential reservoirs before it arrives at the uppernost Belt -
Purcel |l sedi nents. In addition to diversion of gas into the
reservoir sands of the Belly Rver and Cardium Formations,
mgrating gas could also be deflected into the Paleozoic
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carbonates found in duplexes in the footwall of the Lewis Thrust
as illustrated by the Waterton Field. Gas saturation would be
relatively high varying from70 to 95%in the open fractures.

Belt - Purcell Conceptual Structural QI Play

The central portion of the basin was called the conceptua
pl ay because there are few wells and mnor oil and gas shows. The
play area is 45000 square kilonetres located in southeastern
British Colunbia, west-central and northwestern Mntana (Figure
3). Twenty- three wells were conpleted in the Proterozoic
succession and at least 4 oil shows were encountered. Structure-
type and closure conponents are simlar to the previous Belt -
Purcel | pl ays. In this portion of the basin, duplex structures
i nvol ving Precanbrian sedinents are preval ent and these structures
woul d provide an additional trapping nmechanism There would be a
very high risk factor for source rock because there are no
under | yi ng Phanerozoic rocks west of the Flathead normal fault.
Seal would be a problem because much of the Proterozoic outcrops
in this area

Belt - Purcell Conceptual Structural Gas Pl ay
Play paraneters would be identical to the oil play. One gas

show was identified in one of the 23 wells drilled in this play.
Ri sk factors would be simlar to the previous play.

Belt - Purcell Speculative Structural Gas Pl ay

The western portion of the Belt - Purcell basin is found in
sout heastern British Colunbia, northwestern and west-centra
Mont ana, and nort hwestern |daho (see Figure 3). The play area is

62000 square kilonetres. Only 2 wells in this huge area have been
drill ed. The lack of petroleum information avail able nmakes any
assessnent of this area highly speculative. At |least 3 gas shows
were identified in the 2 wells. Presumably, the play paraneters
would be very simlar to the previous Belt - Purcell plays.
Source- rock and mgration as well as seal would again have high
ri sk factors.

Belt - Purcell Speculative Structural Gl Play

One mnor oil show was observed in the Paul G bbs well in
nort hwestern Mntana (Boberg et al, 1989). This play is highly
specul ative in that thermal maturity characteristics suggest that
t hese sedinents should be in the gas w ndow well out of the oi
w ndow.

The | ast four plays cited above were not assessed due to the
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lack of information as well as the very high risk associated with
source, mgration and seal. Al these factors would be classified
as play-level risks. The oil and gas potential is possible in

these plays but it is highly specul ative.

ASSESSMENT TECHNI QUE

After conpilation of relevant material for each hydrocarbon
pl ay, an assessnent commttee assigned subjective and objective
probabilities and risk factors for eight of the plays (see
Appendi x 1 for probabilities and risk factors and Appendix 2 for
the statistical data retrieved). The risk factors were defined by
di scussing the geol ogi cal characteristics of various play
paraneters and then deciding upon reasonable limts for these
par anet ers. Anal ogous geological plays with simlar tectonic
settings were also considered. Once the probabilities and risk
factors were conpiled, Mnte Carlo and | ognornmal approxinmation
options in PETRIMES were used for the inmmature and conceptual
pl ays (Lee and Wang, 1990). For the mature play, that is, the
Wat erton Rundl e/ WAbanun Gas Pl ay, the "discovery process nethod"
of PETRI MES was i nvoked.

The three remaining Foothills immture exploration plays
required a separate assessnent technique using enpirical

rel ati onshi ps. All  mature Foothills plays were taken into
consideration in order to derive the nean play potential for each
of these immture plays. First of all, a linear regression was

performed on a plot of volunetric proportion of resources
di scovered versus the nunber of pools discovered for all the
Foothills plays (see Figure 4). The volunetric proportion of the
resources discovered is defined as the ratio of discovered
resource to total resource. If one calculates an error on this
regression line, one can then retrieve an upper and lower limt
for the volunetric proportion discovered for a given nunber of
pool s. One can also graphically retrieve the total nunber of
pool s expected (N) by plotting the proportion of pools discovered
(n/N) versus the nunber of exploratory wells for the mature
Foothills plays (see Figure 5). One can infer the proportion
di scovered froma regression analysis to the nunber of exploratory
well's. Knowi ng n, (the nunber of pools discovered) and the nunber
of exploratory wells drilled in each of the inmmature plays, one
can then analytically retrieve N (the nunber of pools discovered).

More work is required in order to determ ne the | argest pool size
of the immture plays. The pool sizes wll be quite small
conpared to the mature Rundl e/Wabamun Foothills play and shoul d
not affect the planning study.

A substantial portion of the area covered by the Waterton
Foothills plays have not been explored in Montana due to park and
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wildlife Iand restrictions. Thi s geogr aphi c bi as may
substantially affect the resource estinmates. However, this is not
expected to affect the portion of reserves located in British
Col unbia significantly because of the small area involved (about
4.5%of the total area in each play) (see Figures 1,2 & 3).

RESOURCE APPRAI SAL

Followng is a discussion of statistical results obtained for
each play (see Appendix 2 for output data).

Wat erton Col orado Foothills Gas Pl ay

As described above, enpirical and graphical techniques are
used to obtain the nean play potential and expected nunber of
pools for each of the immture Foothills plays in this assessnent.

The total nean play resource, that 1is, the reserves
di scovered and the expected resource, is 6.7x10° nf or 238 BCF.
The expected nunber of pools is 20. The gas resource figures
cited above are raw gas-in-place values, not recoverable or
mar ket abl e gas.

A smal|l percentage of the areal extent of this play is found
in British Colunbia (4.4%. Therefore, the total nean play
resource in British Columbia would be 296x10° n¥ or 10.5 BCF,
assum ng the resources are roughly evenly distributed. However ,
there is no reason that all or part of the |argest pool cannot be
found in B.C

Waterton Mannville Foothills Gas Pl ay

The expected nunber of pools is 33. The total nean play
resource is 11.9x10° n? or 422 BCF of gas.

Again, a very small percentage of the areal extent of the
play is located in British Colunbia (4.5%. Therefore, the total
play resource in B.C. would be 537x10° n? or 19 BCF. However, all
or part of the |largest pool could occur in B.C

Waterton Mannville Foothills Q1 Play

The play exists since tw oil pools have been defined,
specifically in the Pincher Creek Field. The expected nunber of
pools is 33. The total nean play resource over the full areal
extent is 78x10° n? or 491 nillion bbl.

In British Colunbia, there would be expected a total nean
play resource of 3.5x10° n? or 22 nillion bbl, assumng the
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resource is evenly distributed.
Wat ert on Rundl e/ Wabanun Foothills Gas Pl ay

This mature play has been assessed using the "discovery
process nodel” (Lee and Wang, 1990). I ncluding updated
information on the carbon dioxide-rich gas pools found in
sout heastern British Col unbi a, the discovered resource s
185.6x10° n? or 6.6 TCF. The nean play potential is 40.3x10° n? or
1.4 TCF. Therefore, the total expected resource in this play would
be the sum of the discovered and nean play potential, that is,
225.9x10° n¥ or 8 TCF. The largest pool has already been
di scovered according to the nodel (see Figure 6). This_pool is
found in the Waterton Field and its size is 79.5x10° m® or 2.8
TCF. The expected nunber of pools in the play is estimted to be
80 so with 26 pools already discovered, 54 nore gas pools are yet
to be found.

The two pools discovered in British Colunbia probably form
the largest part of the available resource in the Province. The
total expected resource in B.C. if the resources are evenly
di stributed throughout the play is 11.1x10° nf cubic netres or 390
BCF. However, as noted in the previous section of this report,
17x10° n? have already been discovered in B.C This inplies
therefore, that the resource is not evenly distributed in this
play. This may be expl ained by observing the relative size of the
Fl at head dupl ex conpared to the Waterton duplex to the east. The
Fl at head duplex is larger in size and thus, may contain |arger

reserves of gas. It is suggested that the remai ning resource yet
to be discovered in British Colunbia is at |east 2x10° n? or 70
BCF of gas. It should be enphasized that all the gas discovered

in the Province is carbon dioxide-rich rather than hydrocarbon-
rich. This resource could be used for enhanced oil recovery.

Ki shenehn Tertiary G aben Gas Pl ay

The overall play risk assigned to this play is 90% The
prospect-level risk is estimated to be about 50% The great est
risk at a prospect-level was assigned to the presence of closure
and source. The nedian of the |argest pool size was calculated to
be 3.1x10° n? or 109 BCF (see Figure 7). Fifty pools are expected
to exist in this play. The total nean play potential is 17.9x10°
m (632 BCF).

In British Colunbia, 17% of the areal extent of the play is
present . Therefore, 3x10° nf (107 BCF) can be potentially
present, assum ng the resources are roughly evenly distributed.

Ki shenehn Tertiary Gaben G| Play

The overall play- and prospect-level risks in this play would
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be identical to the gas play. The nedian of the | argest pool size
is 9.1x10° n? or 57 nillion bbl (Figure 8). There are expected
to be 50 oil pools in the Kishenehn Basin. The total nean play
potential woul d be 60.7x10° n? (382 nillion bbl).

Seventeen percent of the nmean play potential would be
10.3x10° n? (65 million bbl). This figure would represent the
potential in B.C if the resources are evenly distributed
t hroughout the play.

MacDonal d Pal eozoic Structural Gas Pl ay

Timng of structure formation conpared to hydrocarbon
generation was considered to be a large play-level risk in this
ar ea. The probability that the play exists was estimated to be
0. 5. Another inportant risk identified in the play is the
presence of adequate seal. On a prospect-level, seal was
identified to have a risk of 25% The overall exploration risk
was calculated to be 13% The nean play potential estimated in
this play is 3.4x10° n? (121 BCF) of gas. Five gas pools are
expected to exist in this play. The |argest pool size has a
medi an val ue of 1.8x10° n? (64 BCF) (Figure 9).

Twel ve percent of the areal extent of the play is found in
British Col unbi a. If the resources are evenly distributed, the
mean play potential in the Province should be 411x10° n? (14.5
BCF) of gas.

Fernie - Elk Valley Mesozoic Structural Gas Pl ay

Ri sk was assigned principally to seal in this play since the
Mesozoic outcrops in a large proportion of the area. The
probability that |eakage of hydrocarbons could occur is 0.30.
Along with a less severe risk assigned to closure, the overall
prospect-level risk is estimated to be 27% The cal cul ated nean
play potential of the Fernie Mesozoic area is 203x10° n?, that is
7 BCF of gas. Note that this gas figure is for conventional
natural gas and is in addition to any coal -bed net hane that may be
present in the area. Five gasngools are expected to exist wth
the | argest pool size at 81x10° (3 BCF) (Figure 10).

Virtually all of the play is located in British Colunbia, so
t he above figures can be used as gas potential in the Province.

Fernie - Elk Valley Paleozoic Structural Gas Pl ay

Seal risk was upgraded to 50% in this play because the
Pal eozoi c sedinents are less likely to outcrop. The overall play-
level risk was estimated to be 90% while at the prospect-|evel
risk is 45% N ne expected gas pools with a potential of 5.1x10°
m (182 BCF) are present in this play. The nedian of the |argest
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pool size is 1.5x10° n? million cubic metres (53 BCF) (Figure 11).
These figures would apply for the potential of this play in
British Col unbi a.

Rocky Mountain Trench Cenozoic G aben Pl ay

The play-level risk assigned to this play is 100% Thi s
means that the play definitely exists. Previous gas production in
two water wells near Flathead Lake confirnms the existence of the
play. It nust be pointed out, however, that this play is probably
not very significant because of very small pool sizes. Prospect-
level risk was estimated to be in the order of 38% Seal and
source are considered to be the major factors affecting overall
exploration risk in the play. One hundred and seventy small pools
are expected to exist here with a total nean potential of 849x10°
m (30 BCF). The largest pool size is expected to be 79.2x10° n?
(3 BCF) of gas (Figure 12). Twenty-six percent of the play is
located in British Colunbia. Therefore, the potential in the
Provi nce i s 221x10° n? (8 BCF).

Belt - Purcell Immature Structural Gl Play

This play exists with the presence of fornmer producers as
wel | as nunmerous oil seeps. Prospect-level risk would be severely
affected by seal considerations in that a |large proportion of the
Proterozoi ¢ succession outcrops. Mgration risk and closure risk
pose less a problem for hydrocarbon potential in this play. The
medi an of the largest pool size expected is 8x10° n? (5 mllion
bbl.) (Figure 13). The expected nunber of pools is 55. The total
mean potential is estimated to be 4.5x10° (28 million bbl).

Only 3% of the total area of the play is found in British
Col unbi a. Assuming the potential oil resource is evenly
distributed in the play, the resource should be 13.5x10* n?
(850, 600 bbl).

Belt - Purcell Immature Structural Gas Pl ay

Equi val ent risk factors used in the previous play would apply
to the gas play. The nedian of the largest pool size would
therefore, be 118x10° nf (4 BCF) while the expected number of
pool s woul d be 35 (Fiqyre 14). The total nean potential of gas in
this play is 622x10° m (22 BCF). Again, British Colunbia
contains 3% of the area of this play. Therefore, the nmean play
potential in the Province should be 18.7x10° n? (0.7 BCF).

SUVMARY AND CONCLUSI ONS

1. The discovery of two gas pools in the Waterton Col orado
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Foothills Gas Play classifies it as an immture play. G aphica
solutions enploying data fromthe Foothills mature plays are used
to obtain total potential resources in the immature plays. The
mean ultimate play resource derived is 6.7x10° n? (238 BCF).

2. The Waterton Mannville Foothills Gas Play is an imature
pl ay because of the presence of 3 defined gas pools. It was
deternined that the ultimate mean play resource is 11.9x10° n? (
422 BCF).

3. The Waterton Mannville Foothills G Play has 2 defined
oil pools. The mean ultimate play resource is 78x10° n? (491
mllion bbl).

4. The mature Waterton Rundl e/ WAbamun Foothills Gas Play has
26 discovered pools. Total potential in this play is 40.3x10° n?
or 1.4 TCF of gas. In British Colunbia, the total expected
resource is 11.1x10° n? (390 BCF) of gas if the resource is evenly
distributed throughout the total play area. However, 17x10° n? of
gas has already been discovered in the Province. This inplies
that the gas resource is not evenly distributed and it is thus
estimated that at |east 2x10° n? (70 BCF) is yet to be found in
B.C

5. The conceptual Kishenehn Tertiary Gaben Gas Play is an
excel l ent prospective geological configuration as reflected in
pl ay-| evel risks, 90% Hydrocarbons are noted in other simlar
configurations around the world (southern Junggar Basin, China, or
Orcadian Basin, North Sea area)(Carroll et al, 1992, Parnell,
1985). The total mean gas potential of this play is 17.9x10°

(632 BCF).

6. The conceptual oil play in the Kishenehn Gaben is an
excel l ent prospective site as well. Abundant oil shales in the
basin guarantee oil_ source. The total nean oil potential in this
basin is 60.7x10°% n? (382 million bbl).

7. In the MacDonal d Pal eozoic Structural Gas Play, both play
and prospect risk are significant in the potential gas resource
assessnent. Seal is a major problemhere because a large mgjority
of the Paleozoic reservoir rocks outcrop. In addition, the
Pal eozoics underlying the Tertiary sedinents in the Kishenehn
Graben may abut against porous sedinents where |eakage can al so
occur. A'total mean potential of 3.4x10° nf was estimated in this
area (121 BCF).

8. The Fernie - Elk Valley Mesozoic Structural Gas Play has a
total mean potential of 203x10° n? (7 BCF) of gas. Seal is a
maj or risk because a l|large proportion of the Mesozoic sedinents
outcrop in the basin. Coal - bed nethane is a separate resource
and is not included in this report.
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9. In the Fernie - Elk Valley Pal eozoic Structural Gas Pl ay,
both play and prospect-level risk are sonewhat |ess and the total
mean gas potential is 5.1x10° n? (182 BCF).

10. The Rocky Muntain Trench Cenozoic G aben Gas Play
tectonically is simlar to the Kishenehn G aben. Play paraneters
identified in the Kishenehn were incorporated into the Trench
resource anal ysis. Play-level risk 1is non-existent because
production occurred at one tine. The ultimte nean play potenti al
i's 849x10° n? (30 BCF) in very snmall pools.

11. The Belt - Purcell Immature Structural G| Play is the
ol dest play recognized in western Canada. The first oil well was
drilled in this play in 1901. Forner oil production and nunerous
oil seeps prove that this play exists. The total nean oi
potential in this play is 4.5x10° n? (28 nillion bbl).

12. The Belt-Purcell Inmmture Structural Gas Play is also
known to exist. The total nean gas potential is 622x10° n? (22
BCF) .

13. The Belt - Purcell Conceptual and Speculative Q| and Gas
Pl ays are conceptual plays in Proterozoic sedinents that are found
in areas where little or no geological information is avail able.
Al so, source and seal have very high risk factors at the play-
level which inplies a very speculative hydrocarbon potential
conmput ati on would result. It was decided for these reasons that
insufficient information is available to properly assess the
hydr ocar bon potential of these plays.

14. The total gas potential for all plays in this assessnent
is 272.7x10° n? or 9.6 TCF. If the gas resources are evenly
di stributed throughout the total area of the Kootenay assessnent,
the total potential resource in British Colunbia is 20.9x10°
(739 BCF).

15. The oil potential for the entire Kootenay assessnent area
is 143x10° n? (901 million bbl.). In British Colunbia the total
oil potential is 13.9x10° n? (88 nillion bbl.) if the resources
are evenly distributed.

Statistical results for twelve plays identified in the

Kootenay area of British Colunbia suggest a significant
undi scovered oil and gas potential .
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FI GURE CAPTI ONS

Figure 1: Hydrocarbon play map (Waterton Colorado (Gas),
Ki shenehn Tertiary Gaben (Gl & Gs), Fernie - E k Valley
Mesozoic Structural (Gas), and Rocky Muntain Trench Cenozoic
G aben (Gas))

Figure 2: Hydrocarbon play map (Waterton Rundl e/ WAbamun (Gas),
MacDonal d Pal eozoic Structural (Gas), and Fernie - El k Valley
Pal eozoic Structural (Gas))

Figure 3: Hydrocarbon play map (Waterton Mannville (Gl & Gs),
Belt - Purcell Structural Immature (Gl & Gas), Belt - Purcell
Structural Conceptual (Gl & Gas), and Belt - Purcell Structural
Specul ative (Gl & Gas))

Figure 4. Plot of volunetric proportion of resources discovered
ver sus nunber of pools discovered, WCSB Foothills gas pl ays

Figure 5: Plot of proportion of pools discovered versus nunber of
exploratory wells, WCSB Foothills gas plays

Figure 6: Pool size by rank diagram of the \Waterton
Rundl e/ Wabamun Foothills Gas Pl ay

Figure 7: Pool size by rank diagram of the Kishenehn Tertiary
G aben Gas Pl ay

Fi gure 8: Pool size by rank diagram of the Kishenehn Tertiary
Graben G 1 Play

Figure 9: Pool size by rank diagram of the MacDonal d Pal eozoic
Structural Gas Pl ay

Figure 10: Pool size by rank diagram of the Fernie - El k Valley
Mesozoic Structural Gas Pl ay

Figure 11: Pool size by rank diagram of the Fernie - El k Valley
Pal eozoic Structural Gas Pl ay

Figure 12: Pool size by rank diagram of the Rocky Mountain Trench
Cenozoi ¢ Graben Gas Pl ay

Figure 13: Pool size by rank diagram of the Belt - Purcell
| mature Structural G| Play

Figure 14: Pool size by rank diagram of the Belt - Purcell
| mmature Structural Gas Pl ay
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