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ABSTRACT

This paper presents desorption, isotherm and coal thickness data for the Comox Basin on Vancouver Island
British Columbia. Cumulative coa thicknesses are presented as contours on a humber of maps that together
cover the Comox Basin. Cumulative coa thicknesses are greatest in the Cumberland to Tsable River areas.
Based on coal rank and isotherms the potential gas capacity of the coal increases to the south. Carbon isotope
data from the northern part of the basin indicates a biogeneic origin for the gas.
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INTRODUCTION

The eastern side of Vancouver Island is underlain by
two major coal basins, which are subdivided into
coafields. These basins named from north to south are
the Comox and Nanaimo basins. There is also an area
referred to as the Suquash Coalfield to the north and a
number of coal occurrences (Figure 1). The Suquash
Coalfield has limited potential and the Nanaimo Basin has
largely been mined out; however the Comox Basin has
significant potential for coal mining and extraction of
coalbed gas (CBG) aso referred to as coalbed methane
(CBM).

It should be noted that in previous literature there is
no consistency in the use of the terms basins, coal basins
or coalfields however, in this paper it is convenient to use
the term Comox Basin, for the total area and then
subdivide it into a number of coalfields.

The coal measures on Vancouver Island are
contained in the Late Cretaceous Nanaimo Group and in
the Comox Basin are largely restricted to the Comox
Formation, which is divided into three members. The
lowest Benson Member tends to be coarse grained and
devoid of coa. The overlying Cumberland Member
contains at least 2 coal seams and the uppermost
Dunsmuir Member, which is sandier that the Cumberland
Member also sometimes contains a single seam. Bickford
and Kenyon (1988) describe the coa geology of the
Comox Basin and Cathyl-Bickford and Hoffman (1998)
mapped the Comox and Nanaimo basins on a scale of 1 to
2000.

This paper utilizes a drillhole database developed by
Cathyl-Bickford to contour cumulative coal thickness in
the Comox Formation within the Comox Basin. Thisisa
preliminary study and depth and rank data are not
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contoured so that a detailed CBM resource estimate is not
included. The paper also includes some new data that
will aid in an assessment of the CBM potential of the
basin. Desorption, carbon isotope and gas composition
data were collected from samples obtained during 2004
exploration in the Quinsam area. |sotherm data were
collected from core samples from exploration holes
drilled in the summer 2004 in the Quinsam area and from
samples collected from drilling in the Comox area in
2001.

COAL RANK IN THE COMOX BASIN

In literature, rank data is quoted as mean maximum
(Rmax%) or mean random (Rran%) reflectance of
vitrinite. Recently, literature generally uses mean random
reflectance, which is quicker to measure in terms of
microscope time than mean maximum reflectance. Older
literature sometimes used mean maximum reflectance.
The relationship between the two measurements is
empirical but most equations indicate that mean
maximum reflectance is about 5% greater than random
reflectance for ranks in the Comox Basin (Table 1). Data
in this paper is al corrected to mean random reflectance
of vitrinite.

It is important to have an over view of coa rank
variation in the Comox Basin. Most of the coal in the
basin is high-volatile A bituminous with ranks in the
0.65% to 0.9% range. Kenyon and Bickford (1989)
provide mean maximum reflectance measurements for
many locations within the basin. Rank tends to increase
from north to south with some areas of high rank adjacent
to Tertiary intrusions. Rank in the north at the Quinsam
Mine ranges from 0.61% to 0.64% Rran (0.64% to 0.67%
Rmax) (Ryan and Dawson, 1993) and in the area,
averages 0.66% with a range of 0.50% to 0.80%
(recalculated to Rran from Matheson et al., 1994). The

157



a .
© s

40 R 0 \
//Q/ N\ e \ -
« = Q = > o
c " . N = e

Formation [\ &

ez

: L
Toﬁn?; ja“ -

LEGEND OO Ucluelet %
<\\‘</
. ) 4
Tertiary Sedimentary Fm
Upper Cretaceous Basins
Lower Cretaceous Basins
50 km

u VANCOUVER ISLAND
Potential Coal-Bearing Areas

Cowichan_

o, Port Renfrew I
U_Sooke Formation
g, \
<0 £,
~./

coal contains about 80% vitrinite (mmfb) and high

vitrinite contents are generally characteristic of Comox

Figure 1. Regiona map of coalfields on Vancouver Island.

coals. In the Cumberland area rank is variable increasing
to 1.7% in the vicinity of Tertiary intrusions in the
Browns River area (Kenyon and Bickford, 1989) but is
generaly in the range 0.75% to 0.85% (Kenyon and
Bickford, 1989 and Ryan, 2002). In the southern part of
the Comox Basin in the Tsable River area rank is 0.80%
Rran (Ryan, 1997) to 0.83% (Kenyon and Bickford,
1989).

GASDESORPTION DATA ON
VANCOUVER ISLAND

There are very limited desorption data for coals on
Vancouver Idand. Novacorp obtained some of the
earliest data when the company drilled 8 holes in 1985.
Geophysical logs and hole locations are in reports filed
with the Ministry of Energy and Mines in Victoria
Desorption data from this program have been referenced
by a number of authors (Cathyl-Bickford, 1992) but little
detail is published. Ryan (1997, 2002) has published
limited desorption data for coal from Tsable River and
Cumberland areas and Ryan and Dawson (1993) have
published data for coas from the Quinsam Mine.
Samples from the last study came from depths ranging
from 100.9 to 145.7 metres and gas contents (dry ash-free
basis dafb) ranged from 1 to 1.6 cc/g.
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In this study advantage was taken of a four-hole
exploration program conducted by the Quinsam Mine
personnel, west of the present Quinsam mine. Eight
samples were collected from Hole 2004-4 from depths
ranging from 134.25 to 156.4 metres (Table 2). The
samples generally consisted of inter-layered bright coal
and mudstone with high ash contents (Photo 1). Gas
contents on an air-dried basis range from 0.2 cc/gto 1.3

TABLE 1. CONVERSION OF MEAN RANDOM
REFLECTANCE TO MEAN MAXIM UM
REFLECTANCE OF VITRINITE.125

Empirical linear equationsin the literature
for converting Rrand to Rmax
Slope intercept
Grieve (1991) 1.0809 -0.0306
Deissel (1992) 1.0700 -0.0100
Weiss(1985) 112 -0.05
Marchioni and
Kalkreuth (1992) 1.06 0.01
Average results
Rand Rmax % dif
0.6 0.63 4.8
0.65 0.68 5.07
0.7 0.74 5.29
0.75 0.79 5.49
0.8 0.86 5.66
0.85 0.9 5.82

British Columbia Ministry of Energy and Mines



TABLE 2. DESORPTION DATA FROM HOLE 2004-4 QUINSAM AREA.

Hole location Elevation 260, Easti ng 322796, Northing_] 5536095 metres

2 @ o @) @ ) g
s 3 e8 T g e 8_ 8 £ 2= £
5 2§ BF : 0§ 0§ wg 8E S ;
5 2829 2 3425 13465 3939 156 058 1.10 0.065 35
6 2544 1R 13811 1385 2132 144 1332 180 0106 150
8 3877 1 1439 14431 66.87 096 0227 123 0046 12
9 3331 1 14445 14485 6770 087 0450 211 0050 125
7 3220 1 14485 14524 5491 093 0531 148 0.066 30
10 3109 1 14643 14684 6092 105 0533 184 o061 120
11 3216 1 14851 14889 6838 096 0292 143 0.039 20
12 3646 1L 15598 1564 68.89 113 0237 121 0028 70

Canister 5 w ,,;,&:

Photo 1. Core sample canister 5.

cc/g and on a dry mineral-matter free basis range from 1.1
to 2.1 cc/g. The mmfb calculation was made using a
mineral matter to ash ratio of 1.15 as supported by the
specific gravity data discussed in the “correction to
mmfb” section that follows. A plot of gas content mmfb
versus ash does not reveal any trend indicating that there
is no obvious bias in the correction to mmf basis. Based
on an isotherm for the sample from seam 1R (Figure 2,
Table 3) seams are under saturated at the shallow depth of
about 150 metres. The degree of under saturation may
reflect a low and fluctuating water table. If the effective
long-term water table is 50 metres below surface, then on
average the samples appear to be saturated.

The ash content of the samples is variable and high
and some samples are mainly mudstone with coal
stringers. There is no apparent correlation of gas content
(dry mineral matter-free basis, dmmfb) with ash content.
However sorption time Tau (time to 0.632 total desorbed
gas) correlates weakly with gas content mmfb possibly
indicating that high mmfb gas contents correlate with
larger particle sizes, which control diffusion. However,
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there is no correlation of coa particle size with the total
ash content in samples. Whatever is influencing coal
grain size is not related to the amount of mudstone in
samples and is variable with depth.

Diffusivity is related to the slope of the lost gas plot
(gas versus t"1/2) (Smith and Williams, 1984) and to the
sorption time Tau (Gas Research Institute, 1995).
However the later determination assumes that the
calculation uses the shape factor and the first that the
actual radius of particlesisthe radius controlling spherical
diffusion. The values of diffusivity calculated by the two
methods differ but the difference is minimized if spherical
diffusion, with a shape factor of 15/r% is used (Figure 3).
It appears that even for in fairly solid core, it is broken
into particles approaching spherica shape rather than
cylindrical shape. This is also suggested by the fairly
short Tau times, because long Tau times probably
correlate with cylindrical diffusion. Sample 8 (Table 1),
which has high ash content and is mainly mudstone with
stringers, appears not to confirm with spherical diffusion;
however the Tau time constant is short.
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TABLE 3. ISOTHERM DATA CANISTER 6
SEAM 1R; DEPTH CALCULATED ASSUMING
NORMAL HYDROSTATIC GRADIENT.

temperature 20°C
ash % 20.37
EQ moisture% 4.82
SG 1.472
wtlos 1.15
Rran 0.68
Lang vol AR cc/g 34.09
Lang P Mpa 4.6
depth m MPa AR DAF mmfb
37 0.366 0.39 0.52 0.54
72 0.709 0.91 1.21 1.26
118 1.155 1.45 1.94 2.02
170 1.668 1.92 2.57 2.68
221 2.164 2.33 3.12 3.25
273 2.682 2.62 3.5 3.65
386 3.787 3.27 4.37 4.56
522 5.122 3.79 5.06 5.28
671 6.577 4.08 5.45 5.68
821 8.05 4.34 5.8 6.05
938 9.196 4.69 6.27 6.54
1111 10.9 4.92 6.57 6.85
1214 11.906 5.08 6.79 7.08
g - Quinsam Canister 6 Isotherm calculated to a mineral
matter free basis
7 _
6 E
2
57 E
443
(&)
3 /ﬁ@rpti on data mmfb
2 _
1 o
Metres assuming normal hydrostatic gradient
0 ‘ ‘ ‘ ‘ ‘
0 200 400 600 800 1000

Figure 2. Isotherm plot Canister 6 seam 1R Quinsam area with desorption data all calculated to a
mineral matter free basis using a mineral matter to ash ratio of 1.15..

160 British Columbia Ministry of Energy and Mines



14 -
12 - ©
o - ] d
10 & y= 2.3093x 3.4525
,§ R°=0.9134
8 7 ~ . "
S L=
6 z _ . 45'dlope
e
4 _
2 u
- o De x 10"7 from slope of lost gas correction
0 - I I !
0 2 4 6 8

Figure 3. Diffusivity caculated from lost gas plots and from the time to 63.2% desorbed gas for each sample.

CARBON ISOTOPE RATIOSAND GAS
COMPOSITION DATA FOR QUINSAM
GASSAMPLES

Gas samples from canisters 5 to 12 (Table 2) were
taken during desorption and analyzed for chemical,
composition and isotopic composition. Analyzes were
performed at the Biogeochemistry Facility of the
University of Victoria using a gas chromatography —
isotope ratio mass spectrometer (GC-IRMS).

Concentrations of hydrocarbons and carbon dioxide
were measured over a period of time from each canister.
Prior to collecting gas samples the sampling line was
purged with argon. Consequently samples contained a
mixture of desorbed gas and argon (Table 4). If it is
assumed that samples contain only CH,, C,Hg, CO, and
argon, then the average composition of the gas desorbed
from the canisters is about 97% methane, 2% CO, and

Carbon isotope values (8'3C-C, methane) for the
samples change over time during desorption (Table 5), as
does the gas composition of the samples. The isotope
values (Table 5) are given in the delta (§) notation with
reference to the PDB-standard. A modified Bernard Plot
(Figure 4, gas wetness vs. §*>C-C, plot) is commonly used
to differentiate between biogenic and thermogenic gases.
Biogenic gases are generaly characterized by “light”
methane isotope compositions, with §°C values more
negative than -55%., where as thermogenic gases
generally have §°C values less negative than -55%o
(Schoell, 1980). Compared to biogenic gases,
thermogenic gases are aso characterized by higher
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concentrations of heavier hydrocarbons (wet gas).
Biogenic activity does not generally generate heavier
hydrocarbons and heavier hydrocarbons are adsorbed
more strongly onto coal than methane.

Almost all §*C values for the samples are “lighter”
than -55%o. (Figure 4) and in terms of gas composition are
considered to be dry, indicating biogenic gas generation.
The data are divided into two sets; one representing initial
samples and a second representing samples collected
latter during desorption. The wetness increases with
desorption (Figure 4) but there is little change in §*C
values. The increase in wetness is due to stronger
adsorption of higher hydrocarbons and not due to mixing
of biogenic gas with thermogenic gas, which would create
8"3C values in the range —50%o to —30%o (Figure 4).

CORRECTION TO MINERAL MATTER
FREE BASIS

It is important to reduce all data to a common basis
when comparing gas content results. This is often done
by reducing data to a dry ash-free basis (dafb), which is a
simple correction using the measured moisture contents
(or a constant equilibrium moisture content) and ash
contents. Alternatively a mineral matter free correctionis
used that requires ash and sulphur contents and generally
uses the Parr Equation. Both approaches have problems
derived from the fact that the ratio of mineral matter/ash
is not 1, varies, and is not always adequately accounted
for using the Parr equation. An aternative approach uses
Apparent Specific Gravity (ASG) analyses performed on
air-dried samples.
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TABLE 4.1SOTOPIC COMPOSITION AND VARIATION OVER TIME OF
METHANE RELEASED FROM CANISTERS DURING DESORPTION.

actual concentations calculated to 100%
Canister [CH,] [C.H] [CO,] A [CH,] [CoHel [CO,]
No. [%] [%] [%] % [%] [%] [%]
5 14.7 0.1 0.3 84.9 97.4 0.7 2.0
6 14.9 <0.02 0.2 84.9 98.5 0.1 1.3
7 13.1 <0.04 0.3 99.7 975 0.3 2.2
8 10.9 < 0.007 0.2 88.9 98.1 0.1 1.8
9 10.5 <0.01 0.2 89.3 98.0 0.1 19
10 5.8 0 0.1 94.1 98.3 0.0 17
11 2.7 0 0.1 97.2 96.4 0.0 3.6
12 31 0 0.1 96.8 96.9 0.0 31

TABLE 5. AVERAGE CONCENTRATIONS OF METHANE, ETHANE AND CARBON
DIOXIDE RELEASED FROM CANISTERS DURING DESORPTION.

Time 8c-cH, | 8**c-cH, | 8**c-cH, | s**c-cH,| s*c-cH,| 8**c-cH, | 8**c-cH, | 8**c-CcH,
Steps Can.5 | Can.6 | Can.7 | can.8 | Ccan.9 | can.10 | Can.11 | Can.12
[%o] [%o] [%o] [%o] [%o] [%o] [%o] [%o]
1 -75.9 -81.1 -65.3 -74.7 -79.3 -69.0 -77.6 -66.4
2 -73.0 -77.2 -61.4 -67.7 -65.9 -65.5 -76.9 -64.5
3 -67.2 -68.2 -60.7 -63.9 -66.4 -65.0 -72.9 -64.6
4 -67.5 -64.1 -63.3 -66.5 -64.6 -68.5 -71.6 -71.3
5 -70.3 -63.6 -65.6 -66.1 -66.3 -68.4 -69.8 -72.1
6 -70.6 -69.7 -67.5 -67.6 -66.5 -68.8 -70.4 -72.3
7 -72.6 -70.7 -67.7 -67.6 -66.9 -69.8 -70.7 -735
8 -72.3 -70.8 -67.4 -67.5 -66.5 -69.2 -70.5 -72.7
9 -72.2 -70.2 -66.9 -66.9 -66.1 -70.3 -71.8
10 -73.4 711 -67.7 -68.1 -66.7 -71.1 -70.6
11 -72.9 -71.6 -67.9 -65.8 -67.4 -70.9

Quinsam Coal Mine Drilling 2004: Bernard Plot
100000 N >
| early desorbed data
10000 1
] Biogenic
1 methane
1000 -
1 Ther mogenic
] methane
1004
i ™
Q later desorbed data ¥
g
104 9
i O
d13C-M ethane [%o]
1 T T T T T T T T T T T T
-100 -80 -60 -40 -20

Figure 4. Simplified Bernard Plot showing gas wetness (C1/C2+C3) on the y-axis
vs. the carbon isotope composition of methane on the x-axis. Separate fields
indi cate biogenic and thermogenic gas generation (modified from Whiticar, 1986)
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The relationship of ASG to ash hasthe form
SG=1/(A-B*ash) (1) (Ryan, 1993)
Which can also be expressed as:
VASG=A-B*ash (2)

The constant A= 1/(density for zero ash coal) (DC)
and the constant B incorporates the density of rock
(DMM) and the ratio minera matter/ash (WTLOS).
Plotting ash versus ASG data using Equation 2 allows for
solution of DC and for generation of a table of possible
pairs of DMM and WTLOS values. Correction of data to
a mmf basis is easy using Gas mmfb= gas/(1-
ash*WTLOS) once a value of WTLOS is determined. The
Quinsam data set is plotted in Figure 5 and illustrates how
to obtain a solution for WTLOS.

2.6
2.4 4
2.2
2.0

1.8 +

Apparent Specific Gravity

1.6
1.4 4

1.2

Ash db%
1.0 T T T 1

0 20 40 60 80

0.9 -
0.9
0.8 ~
0.8
0.7
0.7
0.6
0.6
0.5
0.5 1 Ash db%
04 ‘ ‘ ‘ ‘
0 20 40 60 80

slope(0.481)=(DMM-DC)/(DMM*DC)*WTLOS

DMM SG mineral matter

Intercept= 1/SG zero ash coal (DC=1.253)

WTLOS DMM
112 2715
113 2688
114 2661
115 2635
116 261
117 2586

y = -0.0048x + 0.7983
R?=0.9949

Apparent Specific Gravity

Figure 5. Quinsam desorption data; measured apparent specific
gravity values (ASG) versus ash content and calculation of
mineral matter to ash ratio (WTLOS).
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A plot of gas content versus ash content (dry basis)
(for saturated samples) should provide a straight line,
which intersects the Y axis at the gas content mmfb and
have a slope of gas content mmfb x WTLOS (Figure 6).
The imaginary datain Figure 6 are calculated assuming a
gas content of 10cc/g mmfb. Unfortunately many data
sets do not plot on a straight line in part because coal
petrographic composition varies with ash content.
Correcting data, with varying ash contents, back to dafb
gas contents produces considerable errors when there is a
range of ash contents (Figure 6). In fact for the data set
used in Figure 6, with ash contents ranging from 20% to
70%, calculated gas values dafb range from 6.7 to 9 cc/g
when the actual gas mmfb is 10 cc/g.

It is apparent that when there is a wide range of ash
contents corrections using daf basis produce errors that
will make it difficult to compare data and to determine
whether samples are saturated. Use of ASG data and a
linear plot to determine the WTLOS factor allows
calculation of the mmfb gas content in a simple and cost
effective way.

ISOTHERM DATA PETROGRAPHY AND
RANK OF CANISTER 6

A number of isotherms exist for the Comox Basin.
This paper presents new isotherms for the Quinsam and
Dove Creek areas (Figure 2, Table 3). An isotherm was
measured for the sample Canister 6 seam 1R, which has a
rank of 0.65% Rrand. The sample is vitrinite rich and
contains about 13% by volume % mineral matter (Figure
7). Two isotherms, previously unpublished, were obtained
from samples collected during the drilling at Dove Creek
in 2001. The rank of these samples is somewhat higher
but they also contain a high percentage of vitrinite on a
mineral matter free basis (Figure 7).

Isotherm data all ready exists for coals at Tsable
River (Bustin, personal communication 2003) and
Quinsam (Ryan and Dawson, 1993). All isotherm data
are plotted in Figure 8. The isotherms reflect the
decreasing rank from north to south and at 500 metres
saturated gas contents are predicted to range from 6.6¢c/g
daf to 10.9 cc/g daf. Ranks are highest in the Dove Creek
area though this may be the result of local Tertiary
intrusions. The composition of gas desorbed from the 3
holes at Dove creek (Ryan, 2002) contained a moderate
amount of nitrogen that might originate from Tertiary
intrusive activity.

COAL THICKNESS ISOPACKS

A database containing formation and coal picks from
approximately 1300 holes was generated by Cathyl-
Bickford and made available for this study. The database
includes depth and thicknesses of net coal in seams and
thickness of seams in the Comox Formation. An estimate
of the cumulative thickness of seams including in-seam
splits in each hole provides a starting point for estimating
the potential CBM resource in the Comox Basin. Because
it does not consider individual seam thicknesses, seam
depth or exclude splits, it does not provide an estimate of
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Figure 6. Plot of ash or mineral matter versus gas content. The slope of the ash db versus gas content

plot isthe WTLOS factor.

that part of the coa resource that might be available for
underground or surface mining.

The cumulative coa thickness data for holes was
contoured to provide isopachs. Contouring was limited
by the subcrop of the Comox Formation and by the
coastline to the east. In addition contours were not
extended into areas where holes did not contain coal
irrespective of whether this was because there was not
coa in the section or because the hole was not drilled
deep enough. The gridded file used to produce the
contours was also used to caculate the tonnage
represented by the contour values and area covered by the
contours. Tonnage calculations are made assuming an
average specific gravity of 1.5. The value derived is an
estimate of coa resource including splits and seams too
thin to be of interest for mining. It is therefore an
estimate of the resource available for CBM exploration.

The Comox Basin is subdivided into 8 areas (Figure
9). These areas tend to outline local areas of more intense
drilling (Figure 10) and therefore in aloose way tend also
to outline areas previously described as coalfields. The
area referred to as Ash River (Figure 9) is actualy in the
Alberni Coalfield but isincluded here for completeness. It
should be noted that there are no accepted outlines to
coafields or standardized name usage. Maps for each of
the sub areas outlined in Figure 9 provide contours of
cumulative coal thickness and plots of drill holes
indicating which holes intersected coal and which did not.

Data in each area are krieged using 250 x 250 metres
cell sizes. Search areas were set as circles with 2.5
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kilometres radii. No attempt is made in this preliminary
study to tailor the krieging to recognize anisotropy in the
geology. Seam development is probably most consistent
in a northwest southeast direction with a shoreline to the
west-southwest and a hinterland to the northeast.

In the south (Figure 11), a number of holes were
drilled in the Ash River area (Alberni Coalfield) but none
intersected coal.

The southern-most area of interest in the Comox
Basin is Cowie River, where 47 holes were drilled (circles
Figure 12a) with 33 intersecting coa (circles filled with a
cross Figure 128). Some of this area overlaps with the
Tsable River area to the north. The drilling was not
successful in extending the coal measures south of
Wilfred Creek. The Comox Formation subcrops along
the western margin of the area and dips at between 5° and
20° to the northeast. Codl isrestricted to the northern part
of the area where cumulative thicknesses range from less
than 3 metres to over 10 metres (Figure 12b). An area of
about 30 square kilometers is underlain by about 250 mt
of resource (Table 6).

Over the years there has been a lot of interest in the
Tsable River area. A small underground mine operated
from 1945 to 1966 and in the 1990's Hillsbourgh
explored the area hoping to develop an underground
coalmine. Exploration outlined a potentially underground
mineable resource of about 100mt (Gardner, 1999). There
is a large area underlain by more than 6 metres of
cumulative coal and data indicate that coal probably
extends under Georgia Strait though ash content of the

British Columbia Ministry of Energy and Mines



mineral matter
inertodetrinite

macrinite

semifusinite

Iiptinite7

Quinsam canister 6
seam 1R depth 138.5m

collodetrinite

Rrand = 0.65% (SD=0.005). Calculated RmeanMax 0.68% .

mineral matter

inertodetrinite telinite

macrinite
semifusinite

liptinite collotelinite

. collodetrinite
Dover Creek canister 11

seam 2 hole 3 depth 293.63m \_/

Rrand = 0.85 Rmean M ax= 0.89 equilibrium moisture 2.77%

mineral matter

inertodetrinite collotelinite

macrinite

semifusinite

liptinite
Dove Creek canister 3
seam 1 hole 1 depth 299.73m

collodetrinite

Rrand = 0.77% Rmean Max 0.81 equilibrium moistur e 2.96%

Figure 7. Petrography and rank for isotherm samples Quinsam
canister 3, Dove Creek canister 3 and Dove Creek canister 11.

seams may increase to the east (Cathyl-Bickford, 1992).
More recently there has been interest in the CBM
potential of the area.

The southern part of the Tsable River area overlaps
with the Cowie River area and this is accounted for when
calculating the tonnage attributed to the Tsable River
area. There are 151 holes in the area of which 126
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intersect coal (Figure 138). The contoured area (Figure
13b), which is about 71 square kilometers is underlain by
454 mt of resource. Some CBM desorption data were
collected in 1996 (Ryan, 1997). Generally samples
appeared to be under saturated and as received gas
contents ranged from 1.6 to 5.5 cc/g for samples collected
over a depth range of 127 to 376 metres. Ash content of
sampl es ranged from 14% to 55%.

In the Cumberland area, there is a long history of
mining, which lasted from 1869 to 1947. During this
period 14.5 million tonnes (mt) of high-volatile A
bituminous coa were extracted. The mines in the area
were gassy and over the years at least 300 people were
killed. Based on emission rates (Cathyl-Bickford, 1992)
gas contents vary from 7 to 14 cc/g on an as received
basis. In 2001 Priority Ventures drilled three holes in the
Dove Creek area (Figure 14a) north of the Cumberland
mines. Hole D3 (Table 7) is about 2 kilometers from the
underground workings and the other two holes further
away to the north. Some desorption work was performed
on the core from these holes (Ryan, 2002). Gas contents
of the samples range from 3.5 to 11.5 on a daf basis. Ash
contents are high but some of the samples appeared to be
gas saturated.

A report on the exploration at Dove Creek was
submitted to the government (Cathyl Bickford, 2001).
Data in coa exploration reports is confidential for three
years following the exploration program so that data in
this report are now public and Table 7 provides
information on the cumulative coal in the three holes. Net
coal data is extracted from the report and gross coal
thicknesses are estimated from geophysical logs in the
report. There is considerable difference between net coal
thickness and seam width (Table 7). The three holes have
cumulative coa thicknesses of 12, 11, and 5 metres and
net coal thicknesses of 4.9, 6.1, and 2.3 metres. Ash
contents generally appear to be high and in the range 35%
to 50%.

A total of 245 holes were drilled in the Cumberland
area with 174 holes intersecting coal (Figure 14a). A lot
of these holes were shallow and drilled in the area of the
underground mines, which are located on Figure 14a.
These areas were excluded from resource calculations.
The area contoured (Figure 14b) is 125 square kilomtres
and it contains 1820 mt. Much of this resource underlies
existing communities and may not be available for CBM
exploration. Cumulative coa thicknesses in much of the
area are over 10 metres though in the east the contours are
not supported by much drill data (Figure 14a). Gardner
(1999) estimates that there might be a potential coal
resource of about 70 mt available for underground mining
inthe area.

The Trent River area, also referred to as the Hamilton
Lakes area, (Figure 15) consists of 2 outliers and an ill-
defined area of coal bearing rocks to the east that dipping
off to the northeast. Within these areas there are 35 holes
of which 16 intersect coal (Figure 15 in which cumulative
thickness data are posted next to hole location). The
northeastern outcrop area, which is about 4.5 sguare
kilometres, contains a resource of about 32 mt (Figure
15). No resource is assigned to the southern area
Gardner (1999) calculates a coal resource in these areas of
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Figure 8. Isotherms for seams from the Comox Basin.

6.4 mt in the north and 2.6 in the south. The amount of
data east of the main subcrop line (Figure 15) is limited
and the tonnage estimate is restricted to two areas where
holes intersected coal (outlined by small circlesin Figure
15) these two areas cover about 6.5 square kilometers and
represent a potential resource of about 100 mt.

There are 30 holes in the Tsolum River area and only
7 intersect coal (Figurel6). The cumulative coal is posted
next to the holes. There are only 3 holes in the south with
cumulative coa thicknesses between 6 and 14 metres.
Tonnage calculation restricted to the area where holes
intersected coal resulted in a potential resource of 130
mt. in an area of 16.5 sgquare kilometers. A number of
companies have drilled in the area and intersected thin
seams 1 to 1.5 metres thick with limited mining potential
however the rank in the area is high in some places
reaching semi anthracite (Gardner, 1999).

The coal potential of the Oyster River area, which is
east and south of the Quinsam mine, is discussed by
Bickford et al. (1990) and by Gardner (1999) who refers
to it as the Quinsam East area and outlined a surface
mineable resource of 8.2 mt.. There are 87 holes in the
area and 49 intersect coal (Figure 17a). The potential
resource in the area contoured (Figure 17b) is 360 mt,
which underlies an area of 41.5 square kilometers.

The Quinsam area represents an outlier isolated from
the Comox Basin by faults that bring to surface an area of
basement. The area has been explored extensively by a
number of companies over the years (Kenyon et al., 1991)
and 768 holes are represented in the database, of which 77
intersected coal (Figure 18a). Many holes were drilled to
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outline shallowly buried coal and did not reach the coal
seams. Figure 18a only plots holes that intersected coal.
The estimated resource in the area contoured (Figure
18b), which is 26 km? is 112 mt. Gardner (1999)
estimates a potential resource of 77 mt available for
underground mining. Chute Creek is a small deposit
south of the Quinsam mine that was explored in the
1980's when a number of holes were drilled and an addit
constructed. At least three holes intersected thin seamsin
the area (Figure 18a) and a resource of about 5 mt is
documented of which Gardner (1999) considers about 2
mt to be surface mineable,

The Comox Basin extends for some distance north to
the town of Campbell River but there has been very little
exploration in the area. In the Campbell River area 45
holes were drilled and 27 intersect coa (Figure 19a). The
area contoured (Figure 19b) is area 46 square kilometers
and is underlain by an estimated 245 mt of resource. The
area south of Campbell River is referred to as the Airport
area as it underlies the local airport. In this area and to
the north Gardner (1999) outlines a potential underground
mineable resource of about 45 mt.

The total coal resource in the Comox Basin is in the
range of 3 billion tonnes (Table 6) and this resource
underlies an area of about 400 square kilometers. Based
on the isotherms in Figure 8 approximate gas contents at
an average depth of 300 metres are assigned to each area
(Table 6) and an estimate of the insitu gas resource of
about 0.65 tcf is calculated. There have been numerous
estimates of the gas resource on Vancouver island and
most arein the rangeof 0.5to1.5tcf. These are only
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TABLE 6: COMOX BASIN; COAL BEARING AREAS
AND ESTIMATED COAL RESOURCE BY AREA.

59 : 3 > 8

w— 0 IS} o © D :5

8 3 = gr = R

I 0T = @ X 3 o) $ 8
Campbell River 245 46.2 35 40 313
Quinsam 112 26.1 2.9 4.0 14.4
Oyster River 332 49.1 45 4.0 425
Tsolum River 87 16.6 35 8.5 23.7
Cumberland 1287.2 124.2 6.9 85 350.5
Trent River N area 32 4.4 4.9 6.0 6.1
Trent River NE area 83 53 10.6 6.0 16.0
Trent River SE area 15 1.3 7.6 6.0 29
Tsable River 587 84.5 4.6 6.0 1129
Cowie River 246 29.3 5.6 6.0 47.3
totals 3026.9 386.8 647.8
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TABLE 7. COAL THICKNESSESBY SEAM IN THE DOVE CREEK AREA

seam hole D1 hole D2A hole D3
depth  coal coal depth  coal coal depth  coad coal
metres  net gross ash [ metres net gross  ash | metres  net gross
X 206.0 0.01 4164  0.48 16 236.1 052 14
XL 2116 0.03 0.8 4248 055 0.8
Y 230.6 0.305 1 4430 053 0.6 2555 012 0.4
YL 2356 0.33 0.7 4483 0.03 0.5 2600 0.27 0.4
z 2541 1.09 18 4585 | 4604 0.98 2.2 465 | 2715 015 0.3
1R 2741 054 12 4771 1.08 14 2960 06 12
1 276.2 022 0.6 4847 1.19 2 2975 051 0.9
1L 490.7 047 0.5 2989 035 0.9
2R 2910 035 0.4 5040 0.55 0.6 309.4 0
2 2989 09 18 3514 | 5124 0.28 0.6 3145 0315 11
2A 3253 051 18
3 3475 06 2.2
cumulativecoad  4.885 123 6.14 10.8 2.315 5.2

Data from Cathyl Bickford (2001).

Summary of Activities 2005

171



350000 355000
(] = [
CUMBERLAND N S—— sl
., “--.\
% \II ‘J{
Do - o . i) I/
. .. . 608
\ . 8.22° ) PR
: . o 6acf 015 oo 4 o T /B
3 3 5955 o 4,338 L o ° €\ /T8
o 0 o o " c') o} P
. O. 052
3 9 54, O3 . 7.82 ,_/ —~
o 528 o8 5 o /‘yg I
S - . s o d /
° o5el.q. =9 867 °. )
o ~ {
T R e B N I !T
-\___\_/ \\ W L ff 5
L e e C a5 . {
Ty P
™ /e -
Ao (
" o o 4 o
0o o f
o (Jé}h_
L C950 o o B
d N 0.18
g o : ’ g
= %’, u + + o
|- O ’
b ) T \ ' I &\ —o—
350000 355000

Figure 15. Trent River area; (a) All holesdrilled and holes intersecting coal; (b) Contours of cumulative coal thickness.

5518500

SH13500

342500 352500
1 1 &}
Tsolum River s
o -4
i
n
(=4
1
-2
i®

172

T
362500

Figure 16. Tsolum River area; plot of drill holes and posted cumulative coa thickness contours.

British Columbia Ministry of Energy and Mines



330000 350000 355000 360000
1}
= IE
=] =+ + T8
[¥5]) L
[¥5]) L
Oyster Bay
= " §
= + + 1=
2 i
e ik shan Pt "
Q SARATOGA BEACH
i =) %
O ! 9o
2 % S5 R 2
=T + + + TS
& p i
. P CRE Q) "
&) . : VWILLIA 5 BEACH
A Q
T T — T T V T ~
330000 335000 340000 345000 350000 355000 2E0000
330000 325000 340000 245000 350000 355000 360000
s E
2 + + T3
ih iR
Oyster Bay
(=1 [=]
© N =
P t+ TE
10 e
SARATOGA BEACH
= g
e + g =
& %
[¥s] =l
WILLIA M5 BEACH
° T T T —
330000 335000 340000 245000 350000 355000 360000
Figure 17. Oyster River area; (a) All holes drilled and holes intersecting coal. (b) Cumulative coal thickness contours.
Summary of Activities 2005 173



317000 522000 327000 _ 332500 337500 342500
ELK RW?;FT" m
@ [
= 3 i H o =
g ; g T + , : g E
g # . Al g b4 3
' LR Quinsam Area
® [} 2°
® ® N .
2 o 22 &8 s
O
«r of 9
=] $ . =3
71 + 4 ra g g
g L =] s
a T 8 B
5
CAMPBELL RIVER
g ° R H
+ + . .
e ﬁ ) -§
~a $‘ d @ RIVER o
o
D
& N - 2 2
317000 322000 327000 27 + . + ra
a & & w
I " . D
332500 337500 342500
@ ®
332500 387500
700 22000 327000
ELK R\\'Eq;ﬁ-"?' M =
Tu s =
H] = . i H] ER rs
s | - oy 28 : ay . @ L€ I 5
g 2 = + o (? Quinsam Afea 8 -
il . a 3 [
'Y . N e
x4 @@: &
Yz < %
. A s A
ki o 5 M
- ﬁ) . R ‘ IS
. . - RS -
) NESLD D ) : R :
8 YA g 97— ] R \‘ 'l 3
3 {l/w + [ L= B [ [T1 s
8 g b N DNa
SN/ J NN

N

CAD . ....:'Z T ° @SR =5
\5 - Lo . ° Z{‘-am'==ihﬂ
. ) B
&

” § . F
S : ’ i Y
. '.. (¥ =\ N b
. \ ™

\) " I
s o . s %_ g ‘ \4"‘5 " _%
3 * * Lo [E £ @ws 1 i
~ % = X
L’l@ \ A o
. (1 o N N"’f OCEAN GROVE
O A
O‘b r i
Saghe D"
: e g EE AL
317000 322000 327000 332500 337500 342500
Figure 18. Quinsam River area; (a) All holes drilled and Figure 19. Campbell River area; () All holes drilled and
holes intersecting coal; (b) Cumulative coa thickness holes intersecting coal; (b) Cumulative cod thickness
contours. contours.

174 British Columbia Ministry of Energy and Mines



estimates of what might be in the ground and are in no
way estimates of what might be produced in the future.

CONCLUSIONS

There is very little desorption data available for coals
in the Comox Basin and that which does exist is generally
from shallow coals so it is not surprising that results often
indicate under saturation. In the north where ranks are in
the range of high-volatile B bituminous, the gas has a
biogenic carbon isotope imprint and contains less than 3%
carbon dioxide. The isotopic composition of the gas in
the Dove Creek area was not checked but composition
data indicate a moderate amount of nitrogen in some of
the samples.

Isotherms now exist for samples from Quinsam,
Dove Creek and Tsable River providing information
about the potential saturated gas contents for Comox
Formation coals.

The Comox Formation contains a number of coa
seams with 1 or 2 of mineable thickness in some aress.
The over all impression is that there is not a lot of coal in
the formation. Initial CBM resource assessments should
use hanging wall to footwall estimates of seam
thicknesses even when this includes splits, because splits
are often carbonaceous and may generate and retain
CBM. In this study the cumulative gross coa seam
thicknesses are contoured. The thickness values and
tonnages calculated are not appropriate for assessing coal
mining potential but do provide the basis for a CBM
resource assessment.
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