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This raw data-file was prepared by Dr. Mark Bustin, University of British Columbia,
under contract with the Alaska Division of Geological & Geophysical Surveys (DGGS).
The data presented here were collected as part of a one-year project to evaluate the
shallow gas potential of the Tertiary Holitna basin, located in the northern Sleetmute and
northwestern Lime Hills quadrangles. This raw data- file is part of a series of reports

addressing the stratigraphy and shallow gas potential of the Holitna basin.

Forthcoming reports from this project include a geophysical interpretation of
aeromagnetic and gravity datasets that cover the Holitna Lowland region (including the
Holitna basin) and a summary report addressing the shallow gas potential of the Holitna
basin (Winter 2001-2002). A regional gravity dataset covering the Holitna Lowland
region was released as Alaska Division of Geological & Geophysical Surveys GPR 2001-
I and is available from DGGS.

David L. LePain

Project Manager
December 28, 2001
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INTRODUCTION

Organic petrography, vitrinite reflectance and high-pressure methane adsorption analyses
were carried on samples provided by Mr. David ! ePain.

Reflectance and organic petrography were carried on samples:

00DL28 32.5
00DL28-1.0
00DL28-17
00DL28-44
00DL30B
00DL32A
00DL33
00DL33E
00DL34D
00DL34F
00DLA43A
00DLA9 326-327.5
00DLS58 36-35.5

High pressure methane adsorption isotherms were carried out on samples:

00DL30B
00DL28-1.0
00DLA3A
00DLS8 36-39.5
00DL33E
00DL28-44
Methods

On receipt of the samples they were crushed if pecessary and split. A —20 or —60 mesh
split was utilized for maceral and vitrinite reflectange depending on as received size of
the samples. A —60 mesh split of the samples was used for adsorption analyses and
helium deusity detenmination.

The samples for methane adsorption analyses were placed over a KSOq¢ bath in an inert
atmosphere at 40° C (reservoir temperature provided by Dave LePain) for a minimum of
12 days. Equilibrivin meisture and ash was determined of a 10 gram split of these
samples. It these ash and moisture values that are used in the adsorption isotherms not
the results of the proxirpate analyses.




A detailed description and overview ofth:-adsorption measurement procedure is
provided in Appendix XIV.
Resnlts

Petrography
The petrographic composition of the samples is summarized in Table 1. Many of the
samples are very rich in mineral matter and probably are best described ag carbargillites
or argillaceous coals. Histograms of the vitrinite reflectance data are shown in Appendix
XII. All samples are predominately comprised of vitrinite groups macersals (about 50%)
with minor amounts of inertinite (<2%) and generally trace amounts of liptinite.

The fabric of the coals are all remarkably similar. The collodetrinite is characterized by
very fine-grained mincral matter (sub-micron). The microlithotype bands very from a
few micrometres to tens of micrometres and are interbanded with claystone.

The mean vitrinite reflectance of the samples is between .19 and .62.

Adsorption Analyses
The adsorption analyses of the samples is summarized on the attached pages in both SI
and Imiperial units. The results are detailed in Appendices [ through XII.

Note that STP in SI units is a¢ 0°C. In Imperlal units standerd (oil industry
copvention) STP is at a temperatare of 60° F.  Reported pressures are absolnte.
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Methane Adsorbed (SCF/TON)

00DL308B
250
200 +
1560 1 DAF
Ory
100 T LAF
50 As Received
0 ; . . t t
0 250 500 750 1000 1250 1500
Sample Celt Equilibrium Pressure (PSIA)
Pressure Adsorbed Methane (ft3/ton)
As Dry with Moist Ash Dry Ash
FSiA) Received Ash Free Free
k}] 9 171 10 14
20 15 18 18 24
187 25 32 30 40
251 35 44 i §5
380 49 62 58 77
571 81 78 72 a7
779 89 88 62 110
903 74 95 28 118
1209 7 28 91 122
1370 78 100 93 124
Langmulr Parameters
As Dry with Moist Ash  Dry Ash
Received Ash Free Free
Vol. (ft3/ton) 110 140 131 178
Pressure (PSIA) 512 512 §12 512 aMa
Isothenr Temperature: 104 °F
Goodness of fit of Langmuir regression: 0.99
% Ash= 18.78 % Moistures 21.38

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS




00DL30B
10.0
8.0 1
B.D +
t}- 70+
2 go4
o DAF
.§ 50+
o 40+ !
< 30 4 L DY
- S [
2 204 AF
£ 10 As Received
0.0 - — i -
0.0 20 4.0 8.0 8.0 100
Sampie Cail Equilibrium Pressure (MPa)
Pressure Adsorbed Methane (co/g)
. Dry with Moist Ash  Dry Ash
(MPa) As Received Ash Free Free
027 0.25 0.32 0.30 0.41
0.8z 0.44 0.57 0.53 0.71
1.15 0.74 0.94 0.87 1.17
1.73 1.02 1.29 1.21 162
282 1.43 1.82 1.70 227
383 179 228 213 285
537 204 280 242 A28
8.85 218 278 258 47
833 225 257 288 358
945 230 294, 27 368
Langmuir Parameters
Ory with Moist Ash  Ory Ash
As Received Asn Free Fres
Vol. (ccip) 32s 413 185 5.16
Pressure (MPa) 35 3,53 353 3.53 )
laotherm Temperature: 400 °C QM B
Goodness of fit of Langmuir regression: 0.58
% Ash= 16,78 % Molsture = 2.8

SUMMARY OF ADSORPTION ANALYSES SI UNITS




Methane Adsorbed (SCF/TON)

00DL28-1.0
200
178 +
150 -
4
125 + OAF Dry
100 +
W
75 + )
50 + As Received
25 1
o = ~+— + t + .
0 250 500 750 1000 1250 1500
Sample Cell Equilibrium Pressure (PSIA)
Pressure Adsorbed Methane (ftaAon)
(PSIA) As Dry with  Moist Ash  Dry Ash
Received Ash Free Free
40 8 11 8 12
7 15 21 17 24
170 24 33 26 38
256 <Yl 49 M 49
388 41 58 45 64
S8z §2 72 57 82
793 a2 a8 68 08
1008 72 100 79 114
1222 79 109 88 124
1883 84 117 82 138
Langmuir Parameters
As Ory with Moist Ash  Dry Ash
Receivad Ash Fres Free
Vol. {ftaon) 12 170 13§ 194
Pressure (PSIA) 711 711 1 711
Isotherm Tempaerature: 104 °F
Goodnass of fit of Langmuir regreasion: 0.98
% Ash= 8,98 % Moisture= rfvad

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS

tMa




00DL28-1.0

8.0

7.0 -
= 6.0 +
2 5ol

DAF

E 404 {
) " Dry
i 30+ )
g 20 i
2 o W As Received
2 101

0.0 4 ¥ 1

0.0 20 40 8.0 8.0 10.0
S8ampla Cell Equilibrium Preasurs (MPa)
Pressure Adsorbed Methane (ce/g)
Drywith Moist Ash  Dry Ash

(MPa) As Received Ash Free Free

0.27 0.22 0.31 0.24 0.35

063 045 0.62 0.49 0.71

1.17 0.70 0.97 0.77 1.10

1.7 0.91 1.26 1.00 144

2686 1.20 1.66 1.31 1.89

4.01 1.53 21 1.68 241

5.47 1.83 2.53 201 2.89

€.95 21 283 232 .34

8.42 23 320 254 3.85

0.54 247 343 272 381

Langmuir Parameters
Dry with Moist Ash Dry Ash
As Recshved ' qp Froe Free

Vol. (cc/g) 381 5.00 3.97 s
Pressure (MPa) 4.90 4.90 4.90 4.80
isotherm Temperature: 40,0 °C “M 8
Goodness of fit of Langmuir regreasion: 0.98
% Ash= 896 % Moisture = 2.7

SUMMARY OF ADSORPTION ANALYSES SI UNITS




Msthane Adsorbed (SCF/TON)

P QU G Py

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS

00DL43A
150
140
a0
20
10
00
90
80
70
80 q Oy
50
40 3 AF
gg As Received
10
0 — } + }
0 250 500 750 1000 1250 1500
Sampie Cell Equilibrium Pressure (PSIA)
Pressure Adsorbed Methane (ftaston)
Fsia) As Dry with Molst Ash  Dry Ash
Recetved Ash Free Free
49 4 5 4 8
100 7 9 7 10
178 10 14 11 16
282 14 18 14 21
3 19 27 20 30
585 25 38 27 39
754 31 44 3 48
1008 M 49 36 53
1221 38 5t 38 58
1383 37 53 39 58
Langmuir Paramaters
As Dry with  Moist Ash  Dry Ash
Recsived Ash Free Free
Vol. (ftaen) 80 a4 64 o4
Pressure (PSIA) 828 829 828 828 “M a8
lsotherm Temperature: 104 °F
Goodness of fit of Langmuir regression: 0.9%
%Ash= 801 % Moisturea - 30.23




00DL43A
=
3
L
-3
£
g
<
[ ]
=
i
0.0 t — } +
0.0 20 4.0 8.0 BOD 10.0
Sample Ceil Equilibrium Pragsure (MPa)
Pressure Adsorbed Methane (ee/g)
Dry with Moist Ash  Dry Ash
(MPa) As Received Ash Froa Free
0.33 0.11 0.15 0.11 0.17
0.89 0.18 0.28 0.20 0.30
1.23 0.30 0.43 0.32 0.47
1.81 0.40 0.57 0.42 0.62
270 0.56 0.80 0.50 0.87
403 0.74 1.08 0.79 1.18
5.48 0.80 128 0.98 1.41
6.95 1.00 143 1.08 1.57
8,42 1.05 1.50 1.12 1.64
9.54 1.08 1.58 115 1.70
Langmuir Parameters
Dry with Motst Ash  Dry Ash
As Received Ash Free Frea
Vol, (celg) 1.77 254 1.88 277
Pressure (MPa) 571 5n 8.7 571
Isotharm Temparatura: 400 °C “M 8
Goodness of fit of Langmulr regression: 0.9%
% Ashs 8.0t % Moisture = 3.2

SUMMARY OF ADSORPTION ANALYSES SI UNITS




Lo

Methane Adsorbed (SCF/TON)

00DL58 36-39 .5

150
140
130 I
120
110 L AF
100
90
80
70
60
50 | Ory
@ 3
)
20 As Recelved
10
0 t t + +
(] 250 500 750 1000 1250 1500
Sample Cell Equilibrium Prassure (PSIA)
Pressure Adsorbed Methane (ftaAon)
PSIA) As Dry with Moist Ash  Dry Ash
Recaived Ash Free Free
45 2 3 8 7
98 é -] 14 17
178 10 1 27 a2
281 15 18 38 46
b 20 21 50 60
682 2 28 a7 80
701 a2 M 80 87
1004 35 7 a8 107
1217 a9 41 88 118
1379 4 44 104 125
Langmuir Parameters
As Dry with Moist Ash  Diy Ash
Received Ash Free Free
Vai. (ff3ton) 78 83 187 238
Pressurs (PSIA) 1201 1201 1201 1201 “Me
Isothenn Tempesature: 104 *F
Goodness of fit of Langmuir regression: 0.97
% Ash=m 60,50 % Molsture= 8.77

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS
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00DL58 36-39 .5

8.0
s0d
S 401
s
)1 | AF
£aod
)
[~}
<201
g D
E Ury
i 10+
0.0 — t ' t
0.0 20 40 8.0 8.0 10.0
Sampie Csil Equilibrium Praasure (MPa)
Pressure Adsorbed Methane (ct/g)
. Dry with Moist Ash  Dry Ash
(MPa) As Received Ash Fres Free
0.31 a.07 0.08 0.18 022
0.88 0.17 0.18 0.42 0.5t
121 0.31 023 0.78 0.54
1.80 0.44 0.A7 112 1.38
288 0.58 0.62 1.46 1.77
4.01 0.77 0.83 1.96 238
5.45 0.83 0.98 238 284
8.92 1.02 1.10 260 314
8.39 t+.13 1.2% 287 347
9.51 1.20 1.20 .04 387
L
Langmuir Parameters
Dry with Moist Ash Dry Ash
AsReceived  “ich  Frea  Free
Vol. (oe/g) 2.28 244, 578 8.98
Pressure (MP2) 828 828 828 8.28
isothesrm Temparaturs: 408.0 °C @ ™M &8
Goodness of fit of Langmuir regressian: a.97
% Agh=  80.60 % Moisture = 8,77

SUMMARY OF ADSORPTION ANALYSES SI UNITS
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00DL33-E
10.0
9.0
8.0
? 7.0
= 8.0
3 o
$ 4
< 30
20
1.0
0.0 — ! ; 3
0.0 20 4.0 8.0 8.0 10,0
8ample Cell Equilibrium Pressure (MPa)
Pressure Adsorbed Methane (ccig)
Dry with  Maist Ash  Dry Ash
(MPa) As Received Ash Free Free
0.29 0.34 0.34 0.40 0.45
0.63 0.74 0.80 .95 1.05
1.17 .21 1.31 1.58 1.73
1.78 1.67 1.0 215 2.39
285 2,30 250 2.58 3.30
3.99 2,80 15 73 415
5.50 335 364 4.30 4.79
8.85 3.81 4.13 4.88 5.45
8.44 4.17 453 5.38 5.97
9.58 4.51 4.89 578 8.45
Langmuir Parameters
Drywith Moist Ash Dry Ash
AsReceived = Free  Froe
Vol. (ec/g) 7.08 187 9.07 10.10
Pressure (MPa) 5.74 574 574 5.74
Isothemm Temperature: 40.0 °C “M 8
Goodness of fit of Langmuir regression: 0.99
% Ash= 2221 % Moisture = 7.92

SUMMARY OF ADSORPTION ANALYSES SI UNITS
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00DL33-E
10.0
9.0
8.0
o
E 7.0
-~ 6.0
k-
é 5.0
e 40
3 3.0
s 3
1
20
i
0.0 — + — -
0.0 2.0 4.0 8.0 8.0 10.0
8ample Cell Equitibrium Pressurs (MPa)
Pressure Adsarbed Methane (cc/g)
Dry with Molst Ash Dry Ash
MPa) As Receaived Ash Free Free
0.29 0.31 0.24 0.40 0.45
0.83 0.74 0.80 0.85 1.05
1.17 121 1.31 1.56 1.73
1.76 1.87 1.81 218 239
285 2.30 2.50 298 3.30
3.89 2.80 A18 an 4.15
5.50 335 384 4.30 4.79
8.85 3.01 4.13 4.89 5.45
8.44 417 453 5.36 587
B.58 4.51 4.89 579 8.45
Langmuir Parameters
Dry with Moist Ash  Dry Ash
AsReceived o Fres  Free
Vol. (cc/g) 7.08 7.87 0.07 10.10
Pressure (MPs) 5.74 574 5.74 5.74 .
Isotherm Temparature: 400 °C “M 8
Goodness of fit of Langmuir regression: 059
% Ash= 22 21 % Moisturs = 7.92

SUMMARY OF ADSORPTION ANALYSES SI UNITS
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Methane Adsorbed (SCF/TON)

00DL28-44

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS

100
90 4|'
Bo +
70 +
80 1 DAF
50 + ,-DW
40 % | AF
a0 +
20 4 As Recefved
10 4+
0 + - — ¢ t
0 250 500 750 1000 1250 1600
Sample Call EquiTibrium Pressure (PSIA)
Pressure Adsorbed Methans (ft3/ton)
PSIA) As Drywith MoistAsh Dry Ash
Recelved Ash Free Free
45 3 4 3 4
08 4 [} 5 7
180 8 1 9 13
285 12 16 13 18
383 16 2 17 24
500 2 30 2 a
808 27 a7 2g 41
1020 29 A0 31 45
1229 32 “ 34 49
1389 35 46 38 54
Langmuir Parameters
As Drywith MoistAsh DOry Ash
Recelved Ash Free Fres
Vol. (ffaron) 8s 80 70 100
Pressure (PSLA) 1221 1221 1221 1221 “ M B
Isotherm Temperature: 104 °F
Goodiess of fit of Langmuir regression: 0.97
% Ash=  7.26 % Moisture= 27.89
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00DL28-44

3.0

25+
B0l
.2'

DAF

E 1.5 ‘[’ [ Dry
-]
® | AF
< 10+ :
2
2 o5
[}
=

0.0 t 5 +~ r

0.0 20 40 8.0 8.0 10.0
Sample Cell Equiibrium Pressure (MPa)
Pressure Adsorbed Methane (c/p)
. Dry with Moist Ash  Dry Ash

(MPa) As Received Ash Free Free

0.39 0.08 0.11 0.08 0,12

0.68 013 0.18 0.14 0.20

1.31 0.24 0.33 0.26 037

1.83 0.35 0.48 0.37 0.53

2N 0.48 0.64 0.50 0.71

4.07 0.83 0.68 0.88 0.87

5.5 0.79 1.00 0.85 1.21

7.04 0.26 1.19 0.62 1.32

8.47 0.93 1.29 1.00 1.44

8.58 1.03 1.43 .11 1.59

Langmuir Parameters
Dry with Moist Ash  Dry Ash
As Recaived o) Fre  Free

Vol. {(ccig) 1.91 2685 208 2.4
Pressure (MPa) 8.42 8.42 8.42 .42
Isotherm Temperature: 400 C “M B
Goodness of fit of Langmuir regression: 0.87
% Ash= 728 % Molsture = 27.89

SUMMARY OF ADSORPTION ANALYSES SI UNITS




APPENDIX |

00DL308B

Methane Adsorption Isotherm
Imperial Units
Summary of Analyses
8coived | DAF Dasis |
Langmulr Volume ce/g I T78|
Langmuir Pressure MPa 512 512
Goodness of fit Langmulr
Equation R-squared 0.88 0.89
Content W% 15.75 15.75
Equilibrium Moisture W.% 21.38 21.38
Contents of Appendix
Data Sheels Charts
As Recelved As Received
Dry Ash Free Dry Ash Free
Ory Ash included  DryAshinciuded QM &
Molst Ash Free Moist Ash Fres

16
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00DL30B

METHANE ADSORPTION ISOTHERM CFG UNITS
[ AS RECEIVED BASIS |
Sample 1.0, ; 0001308 Molsture Content (EQ) % : 21.38
lsotherm Temperature © F: 104 Ash Content, % : 18.75
Helium Density g/ce 1.378
PRESSURE (PSf) ADSORBED P/V
METHANE
(SCF#on)
38 8.68 4350
90 15.13 5.9
167 25.02 6.89
251 34.60 725
380 48.60 7.82
571 01.08 8.35
779 69.48 11.22
8¢3 74.32 13.38
1208 78.70 16.78
1370 7827 17.61
Saturated Monolayer Volume (SCFAon): 110
Langmuir Pressure (PSIA): 512
DRY ASH FREE BASIS
a9 13.80 263
90 24.07 A75
187 39.a0 421
251 55.04 4.5
380 77.30 491
571 87.12 5.88
779 110,48 7.08
993 11821 8.40
1209 122.00 9.91
1370 124.49 11.01
Saturated Monotayer Voiume (SCFAon, daf): 178
Langmuir Pressure (PSIA): 512

Carelstion Coafficient: 0.89
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00DL30B
METHANE ADSORPTION ISOTHERM CFG UNITS
L DRY ASH INCLUDED BASIS
Sampie 1.0. : 00DL30B Moisture Content (EQ) % : 21.38
{sotherm Temperature ° F: 104 Ash Content, % : 15.75
Helium Density g/cc 1.378
PRESSURE (PSI) ADSORBED P/V
METHANE
(SCFhon)
39 13 354
80 19 489
187 32 528
251 44 5.70
380 a2 8.14
571 78 7.35
779 as 8.82
983 95 10.50
1209 98 12,29
1370 100 13.78
Saturated Monolayer Volume (SCF/ton): 140
Langmuir Pressure (PSIA): 512
MOIST ASH FREE BASIS |
k}:) 10 379
80 18 5.02
167 30 5.84
251 41 8.10
330 58 8.59
571 72 7.87
779 82 9.45
993 88 1128
1209 o1 13.28
1370 a3 14.75
Saturated Monolayer VVolume (SCF/ton, daf): 131
Langmuir Pressure (PSIA): 512

Correiation Coefficient: 0.00




300

250

Mathane Adsorbed {SCF)

As Received Basis 00DL 308

160

Saturated Monoiayer Volume {SCF). 110
Langmuir Pressure (PSI); 512
Total % Moisture in experiment = 21.38
Total % Ash in experiment = 15.75 -

Goodness of fit of regression: 0.98

Mg
o -0
200 400 600 800 1000 1200 1400 1600

Sample Cell EQuilihrium Pressure (PSIA)

61



Methane Adsorbed (SCF, DAF)

250 1

200 1

150 -

00DL308
Dry Ash Froe Basis

Saturated Monolayer Voluma (SCF/DAF): 176
Langmuir Pressure (PSi): 512

Total % Moisture In expariment =  21.38

Total % Ash in experiment= 15,75

Goodness of fit of regression; 0.99

200 400 800 800 1000 1200 1400 1600
Sample Cell Equilibrium Presaurse (PSIA)

0z



Methane Adsorbed (SCF, DAF)

250

150

00DL30B
Dry Ash included Basls

Saturated Monolayer Volume (SCFIDRY): 140
Langmuir Pressure (PSI): 512

Totsl % Moisture in experiment = 21,38

Total % Ash In experiment = 1575

Goodness of fit of regression: (.89

n M N i
T T ¥ ¥ t

200 400 800 a0 1000 1200 1400 1600
Sampis Cal Equllibrivm Pressure (PSIA)

1z




{(nisd) sansesud wnugynby e sjdusey
009l 00l (varq 0004 008 009 0oy 00z

860 :uojssasbe Jo 1y JO $sBUPOOY

S5 = juawuadxe ul ysy % 01
8€'1Z = lusiiuadxe U exmsio % [@oL
215 (1s4) aunssasd anwbue
et {(LSIOW/4DS) BLUNOA 194erouop pajesmes

siseq 8914 Ysy 1SN
80£7000

8
(4va ‘308) peqiospy auwifeny

[~]
)
-

[=]
(=]
o~

0og




12.00

10.00 -
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2.00

0.00 - T
1] 200

Adsorption Langmuir Plot

Methane imperial Units
Dry Ash Free Basis

00DL308B

8.00 -

6.00 1
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APPENDIX I

00DL30B

Methane Adsorption Isotherm SI Units

Summary of Analyses
As Recaived | DAF basa

Langmuir Valume ce/g 3.2 .1
Langmuir Pressure MPa 3.53 .53
Goodness of fit Langmuir
Equation R-squared 0.99 0.99|
[Ash Content Wt% 15.754 15.755
Equiibrium Maisture Wt % 21.38 21.38
Cantanta of Appendix

Data Sheetz Charts

As Received As Recelved

Dry Ash Free Dry Ash Fres

Ory Ash included Dry Ash Included “g 8

Moist Ash Free Moist Ash Fres

24




00DL30B

METHANE ADSORPTION ISOTHERM SI UNITS

AS RECEIVED BASIS
Sample 1.0, . 00DL30B  Motsture Coment (EQ) % .
Isotharm Temperature ® C: 40 Ash Content % ;
Heliumn Density g/cc
PRESSURE (Mfa) ADSORBED PIV
METHANE
(cc/g @STP)

0.269 0.25 1.057
0622 044 1.308
1.154 0.74 1.569
1.729 1.02 1.700
2.619 1.43 1.834
3.835 1.78 2193
5.373 204 2832
8.845 218 3.134
8.333 226 3.687
9.447 2.30 4107

Saturated Monolayer Volume (cc/g @ STP):

Langmuir Pressure (MPa):

| DRY ASH FREE BASIS

0.269 0.41 0.664
0.622 0.71 0.879
1.154 1.17 0.887
1.728 1.62 1.089
2819 227 1483
39038 285 1.379
5.373 .25 1.855
8.845 47 1.970
8.333 359 2324
9.447 368 2682

Saturated Monolayer Volume (ccig @ STP, daf):

Langmuir Pressiure (MPa):
Corralation Coefficient

21,38

16.75
1.378

324
.53

5.18
383
0.99
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00DL30B
METHANE ADSORFTION ISOTHERM SI UNITS
| DRY ASH INCLUDED BASIS |
8ample | D. : 000L308 Moisture Cortent (EQ) % : 21.38
Isatherm Tempearatusre ° C: 40 Ash Content % 15.75
Helium Density g/ct 1.378
PRESSURE (MP3) ADSORBED P/V
METHANE
(c/g@STP)
0285 0.32 0.83
0.822 0.57 1.10
1.154 0.54 123
1.729 129 1.34
2619 1.82 1.44
3.935 228 1.72
5.373 280 2.07
8.845 278 248
8.333 287 2
9.447 2.93 323
Saturated Monolayer Volume (cc/g, dry): 4.13
L angmulr Pressure (MP3a): 3.53
| MOIST ASH FREE BASIS |
0.2624 0.30 0.00
0.8218 0.53 1.18
1.1538 0.87 1.32
1.7287 121 143
28188 1.70 1.54
3.9348 213 1.85
5.3733 242 222
8.8451 259 2.64
8.3324 268 .11
8.4468 27 348
Saturated Monolayer Vofume (cc/g, ash free): 3.85
Langmuir Pressure (MPa): 3.53

Correiation Coefficient: 0.99
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Methane Adsorbed (ceig @ STP)
[~
2

1.00

0.00

00DL30B
As Recelved Basls

Saturatad Monolayer Volume (co/g@STP): 110
Langmuir Pressure (MPa}), 512

Total % Molsture in experiment = 21,38

Total % Ash In experimant= 1575

Goodness of fit of regrassion: .89
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Sample Cell Equilibrium Pressure {MPa)

12

LT



28

(34w) sunrseaug wnnuqinba yeg sidureg

[CrA” 000} a0'9 00'9

00’y 002

SLGL
ez
£9°¢

8L's

66'0 -uossalbol Jo |y JO 883UPOCEH)

2 Juaunadxe W Ysy 9% ByoL

= Jususadxe W BIMNSION % E10L

(8dW) einssaryg Jyawbue

(4vQ ‘d LSBB3) BWNOA Jakerouon pereimes

+ O.F

<
~

(4va ‘d1 S D 6/93) pequospy euriisy

o
"

80£77000

siseg 88l4 ysy Aiq

04



7.00

6.00

» o
8 ]

Methane Adsorbed (coig @ STP)
w
=

8

1.00

0.00

00DL 308
Dry Ash Included Basis

Saturated Monclayer Volume {cc/g@STP.DRY): 4,13
Langmuir Pressure (MPa): 3.53

Total % Maisture in experiment =21.38

Total % Ash in axperiment =15,75

Goodness of fit of regression; 0.90

[ 5]

4 6 8 10
Sample Cel Equiibrium Pressure (MPa)
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Preasure/Volume (MPa*gice)

Adsorption Langmuir Plot

Methane S| Units
Dy Ash Fres Basis

00DL308B
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R? = 0.9801

2.000
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0.000
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1.00 2.00 3.00
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7.00
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APPENDIX Il

00DL28-1.0

Methane Adsorption Isotherm
Imperial Units
Summary of Analyses
Bceved | DAF Dasis |
Langmuir Voluma cc/g 123 104
Langmulr Pressure MPa 1 711
Goodness of fit Langmuic
Equation R-squared 0.98 0.88
Ash Content W% 0.85] 8.95
Equilibrium Molsture YWt.% 21.77 an
Contents of Appendix
Data Sheets Charts
As Received As Received
Dry Ash Free Dry Ash Free
DiyAshinciuded  DryAshinciuded @ ME
Moist Ash Free Moist Ash Frea

K

32
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00DL28-1.0
METHANE ADSORPTION ISOTHERM CFG UNITS
L AS RECEIVED BASIS |
Sampie |.D. : 00DL28-1.0 Molsture Cantent (EQ) % : 2.
Isotherm Temperature * F. 104 Ash Content, % : 8385
Hetlum Density g/cc 1.311
PRESSURE (P8) ADSORBED PIV
METHANE
(SCFRon)
0 758 S44
92 15.30 8.02
170 2.78 117
256 31.08 826
388 40.72 9.48
582 51.90 22
783 82.29 1274
1008 71.83 14.01
1222 78.68 15.53
1383 84.10 16.43
Ssturated Monolayer Voluma (SCFAon). 123
Langmuir Prassure (PSLA): 711
| DRY ASH FREE BASIS 1
40 11.98 332
92 24.18 aat
170 37.55 4.54
258 40.08 §23
338 84.38 6.00
582 82.02 7.10
793 88.44 8.08
1008 113.87 8.87
1222 12431 9.83
1383 133.08 10.40
Saturated Monolayer Volume (SCFAon, daf): 164
Langmuir Pressure (PSIA): 711

Correlation Caefficient: 0.98



00DL28-1.0
METHANE ADSORPTION ISOTHERM CFG UNITS
| DRY ASH INCLUDED BASIS
Samgple 1.D. ; 00DL2B-1.0 Moisture Content (EQ) % :
Isotherm Temparature ® £ 104 Ash Content, %
Hellum Density g/cc
PRESSURE (PS1) ADSORBED P/V
METHANE
(SCFAon)
40 11 i/ I
92 21 4,35
170 2 5.18
258 L&) 5.98
388 56 6.4
582 T2 B.10
™3 86 8.20
1008 100 1012
1222 109 1122
1383 117 11.67
Saturated Monolayer Volumas (SCFRon): 170
Langmuir Pressure (PSIA): 71
[ MOIST ASH FREE BASIS
40 8 4.78
92 17 5.48
170 26 6.53
256 M 7.52
388 45 8.63
582 57 10.21
793 ] 11.80
1008 70 12.76
1222 a8 14.14
1383 92 14.88
Saturated Moaclayer Voluma (SCFAon, daf): 138
Langemuir Pressure (PS1A): 711
Correiation Coeffickant: 0.68

34

21.77

8.85
1.311
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g

Mathane Adsorbed (SCF, DAF)
g

00DL28-1.0
Dry Ash Free Basis

Saturated Monclayer Volume {SCFIDAF). 184
Langmuir Pressure (PSl). 711

Total % Molsture in experiment = 27,77
Total % Ash in axpariment = §.85

Goodness of fit of regression: 0.88

tMa
" § Q
200 400 600 800 1000 1200 1400 1600

Sample Coll Equilibrium Pressurs {PSIA)
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00D 28-1.0
Dry Ash included Basis

260

:

g

Meathane Adsorbed {(3CF, DAF)
g

g

Saturated Monolayer Volume (SCF/DRY). 170
Langmuir Pressure (PSI}: 711

Total % Moisture In experiment = 27,77
Total % Ash In experiment = 8.95

Goodness of fit of regression: 0.88

L X — M ],

T T T ¥ Y

200 400 800 800 1000
Sample Call Equillbrium Pressure (FBIA)
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APPENDIX IV

00DL28-1.0

Methane Adsorption Isotherm SI Units

'Mg

Summary of Analyses
As Recerved | DAF basis

Langmuir Voluma ec/g kX5 o./1
Langmuir Pressure MPa 490 4.90
Goodness of fit Langmuir
Equation R-squared 0.88 0.88
Ash Content W% 8.95 8.85
Equiibrium Moisture Wt % 22.77 21.77
Contants of Appendix

Data Sheets Charts

As Received As Recsived

Dry Ash Free Dry Ash Free

Dry Ash included Dty Ash Inciudad

Moaist Ash Frea Moist Ash Fres




00DL28-1.0

METHANE ADSORPTION ISOTHERM SI UNITS

[ AS RECEIVED BASIS
Sample 1D . ~0ODL28-1.0 _ Moistura Contant (EQ) % ©
Isotherm Temperaturs ® C: 40 Ash Content % :
Hadium Density g/cc
PRESSURE (MPa) ADSORBED PIV
METHANE
(cclg @STP)
0274 0.2 123
0.635 0.45 1.412
1178 0.70 1.682
1.768 0.91 1.837
2.681 1.20 2223
4014 1.53 2.631
5.470 1.83 2988
6.949 21 3287
8.422 231 3843
9.636 2.47 3.854
Saturatad Monoizyer Voluma (cc/g @ STP):
Langrnuir Pregsure (MPa):
[ DRY ASH FREE BASIS
0.274 .38 0778
0.636 0.71 0.803
1.175 1.10 1.066
1.768 1.44 1226
2.681 1.89 1.407
4.014 241 1.685
5.470 289 1.891
6.948 .34 2080
8.422 3.86 2305
9.538 3.91 2439

Saturated Monolayer Volume (cc/g @ STP, daf).

Langmuir Preasure (MPa):
Correiation Coefficient:

41

217

885
1.311

381
480

571
4.60
0.68
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00DL28-1.0
METHANE ADSORPTION ISOTHERM SI UNITS
" DRY ASH INCLUDED BASIS
Sample |.D. : 000L28-1.0 Moisture Content (EQ) % : 2an
Isothermn Temperature © C: 40 Ash Contert % 8.95
Heflum Density g/cc - 1.311
PRESSURE (MPa) ADSORBED PI/V
METHANE
(cc/g@STF)
074 0.31 088
0.835 0.62 1.02
1.175 0.87 122
1.788 128 1.40
2.881 1.68 1.81
4.014 2.1 1.80
5.470 253 218
6.549 293 2237
3.422 320 263
9.538 3.43 2.78
Saturated Monolayer Velume (cc/g, dry): 5.00
Langmuir Pressure (MPa). 4.90
[ MOIST ASH FREE BASIS |
0.2744 024 0.00
0.6348 0.49 129
1.1748 0.77 1.53
1.7877 1.00 1.78
26808 1.31 ] 202
4.0137 1.68 240
5.4700 2.01 272
0.9488 232 289
8.4221 2.54 3.32
9.5363 272 351
Saturatad Monolayer \Volume (cc/g, ash free): 3.97
Langmuir Pressure (MPa): 4.90

Correlstion Coefficisnt ' 0.98
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Wethane Adsorbed (ceig @ STP, DAF)

00DL 28-1.0

Sample Coll Equilibrium Pressure (MPa)

Dry Ash Frae Baals
14.0 1 Sawrated Monolayer Volume (co/ip@STP, DAF): 671
Langmulr Pressure (MPa); 4.90
Total % Moiature In expediment= 2777
20 Total % Ash in expafiment=  g.p5
Ooodness of fit of regression: 0.%8

10.0

80 1

8.0 1

40 1

20 ¢

- o
0.0 + + ; { =
0.0 200 4.00 6.00 a.00 10.00 12.00
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APPENDIX V

00DL43A

Methane Adsorption Isotherm
Impenial Units
Summary of Analyses
[DAF basis|
Langmuir Volume cc/y 0 27§
Langmuir Pressure MPa azs 828
Goodness of fit Langmuir
1Equ:t|on R-squared 0.99 0.99
Ash Conternt WAL% 8.01 8.01
Equifibrium Moisture W1.% 30.23 3023
Contents of Appendix
Data Sheets Charts
As Received As Received
Dry Ash Free Dry Ash Free
OryAshinclded  Dry Ashinciuded oM@
Moist Ash Free Moist Ash Free
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00DL43A
METHANE ADSORPTION ISOTHERM CFG UNITS
| AS RECEIVED BASIS _ |
Sample 1.D. : 00DLASA Moisture Content (EQ) % : 3023
Isotherm Temperature * £: 104 Ash Content, % : 6.01
Halium Dansity g/ce 134
PRESSURE (PS]) ADSORBED PIV
METHANE
(SCFAon)
43 355 13280
100 8.54 15.38
178 10.12 17.62
262 13.55 18,33
391 18.90 20.70
585 25.19 0.2
704 30.69 25.88
1008 33.97 20,68
1221 3569 34.20
1383 38.88 37.49
Saturated Monolayer Volome (SCF/ton): 80
Langmuir Pressure (PSIA): 828
DRY ASH FREE BASIS
48 563 8.47
100 1028 9.80
178 1587 11.24
262 2128 12.33
3 2964 13.20
585 39.50 14.81
704 48.14 18.50
1008 53.27 18.91
1221 55.87 21.81
1383 57.38 23.91
Saturated Monolayer Voluma (SCFRon, daf); B4
Langmuir Pressure (PSIA): a8
Correlation Coefficient 0.98
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00DL43A

METHANE ADSORPTION ISOTHERM CFG UNITS
[ AS RECEIVED BASIS |

Sampie I.D. ; G0DL43A Maisture Contertt (EQ) % : 3023
Isotherm Temperature * F: 104 Ash Content, % : 8.01
Hallumm Density g/ce 1.33¢

PRESSURE (PSI) ADSORBED P/V

METHANE
(SCFRon)

A8 338 328

100 8.54 15.3@

178 10.12 17.62

262 13.55 19.33

391 18.90 20.70

585 25.19 2322

794 30.69 2588

1008 33.97 20.60

1221 35.69 3420

1383 16.80 3748

Saturated Monolayer Volume (SCFAon); a0
Langmuir Pressure (PSIA). 828
| DRY ASH FREE BASIS |

48 5.63 8.47

100 10.28 9.80

178 15.87 1124

262 2128 1233

301 20.64 13.20

585 36.50 14.81

704 48.14 18.50

1008 53.27 18,91

1221 55.97 21.91

1383 57.85 2391

Saturated Monolayer Volume (SCF/ton, dat):
Langmuir Pressure (PSIA):
Cormrelation Coefficlent:

g8
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OODLA3A
METHANE ADSORPTION ISOTHERM CFG UNITS
| DRY ASH INCLUDED BASIS |
Sample I.D. : 00DLA3A Molsture Conternt (EQ) % : 3023
Isotherm Temperature ° F: 104 Ash Canternt, % : 8.01
Hellum Density g/ee 1.34
PRESSURE (PS) ADSORBED P/V
METHANE
(SCFAon)
48 3 827
100 9 10.72
178 14 1230
22 19 13.40
301 7 14.44
585 38 18.20
794 a4 18.08
1008 49 20.70
1221 Ly 23.88
1383 53 26.18
Saturated Monolayer Voluma (SCFAon): 88
Langmulr Pressure (PSIA): &28
MOIST ASH FREE BASIS |
43 4 12.49
100 7 14.44
178 1t 16.58
262 14 18.17
awm 20 10.48
585 27 21.83
T84 kX 2433
1008 8 27.88
121 a8 32.15
1383 a9 3524
Saturated Monolayer \olume (SCFon, daf): 84
Langmulr Pressure (PSIA): 820
Correlation Coofficient: 0.9
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Mathane Adsorbed (SCF, DAF)

00DL43A
Dry Ash Included Basis

100
Saturated Monolayer Volume (SCF/DRY). 86
o0 | Langmulr Pressure (PSI). 6828
Total % Moisture in experiment = 310,23
Tetal % Ash in experiment = §.01

70  Goodness of fit of regression: 0.99

0 T 200 400 600 800 1000 1200 1400 1600
Sample Cefl Equilibrium Pressure (PSLA)



Mathane Adsorbed (SCF, DAF)

100

00DL43A
Moist Ash Free Basis

Saturated Monolayer Volume (SCF/MOIST): 64
Langmulr Pressuce (PSI): 828
Total % Molsture in axperiment = 30.23
Total % Ash in experment = 8§.04

Goodness of fil of regreasion: 0,89

N " i i
¥ t ¥ =

200 400 800 800 1000 1200 1400 1600

Sampie Cell Equilibritm Pressure (PSIA)
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APPENDIX VI

O0ODL43A

Methane Adsorption Isotherm SI Units

Summary of Analyses
As Received | DAF basis
Lengmsir Volume cc/g T 277
Langmuir Pressure MPa 5.T1 8.71
Goodness of fit Langmuir
Equation R-squared 0.89 0.88
Content WL% 6.01 68.01

Equilibrium Moisture Wt.% 30.23 w0
Contants of Appendix

Date Sheets Charts

As Received As Received

Dry Ash Free Dry Ash Free aMag

Dry Ash Inchuded Dry Ash Included
Motst Ash Frea Moist Ash Free




00DLA43A

METHANE ADSORPTION ISOTHERM SI UNITS

| AS RECEIVED BASIS |
Sampie 1D, ; OODL43A Moisture Contant (EQ) % :
isotherm Temperature ° C: 40 Ash Content %
Hetiom Densky g/cc
PRESSURE (MPa) ADSORBED PIV
METHANE
(cclg @STP)
0.329 0.1 3.118
0.693 0.19 3.604
1.229 0.30 4.135
1.807 040 4.536
2.697 0.58 4,857
4,032 0.74 5.448
5477 0.0 6.072
8.847 1,00 8.069
8.418 1.05 8.024
9.638 1.08 8.796
Seturated Monclayer Volume (cc/g @ STP):
Langmuir Preasure (MPa):
| DRY ASH FREE BASIS
0.328 0.17 1.888
0.693 0.30 2268
1.229 047 2.636
1.807 0.62 2.882
2.697 0.87 3.097
4.032 1.18 3.474
5.477 1.41 3872
8.547 1.57 4.437
8.416 184 5.118
8.538 1.70 5.608

Seaturatad Monolayer Volumae (cc/g @ STP, daf):

Lengmuir Pressure {MPa):
Covrelation Ceoefficient

30.23

8.01
1.334

177
6.71

277
5.7
008

58
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O0DLA43A
METHANE ADSORPTION ISOTHERM SI UNITS

| _ DRY ASH INCLUDED BASIS |
Sample 1.D. : 00DL4AA Moisture Coment (EQ) % : 30.23

lsotherm Temperature ® C: 40 Ash Content % 8.01
Helium Density g/cc 1.334
PRESSURE (MPa) ADSORBED P/V
METHANE
(cc/g@STP)

0325 0.15 218
0.683 028 2.51
1.229 0.43 2488
1.807 0.57 3.18
2697 0.80 .38
4.032 1.08 3.80
5477 1.29 424
6.947 1.43 4.68
8.416 1.50 $.60
9.538 1.55 814

Saturated Monolayer Volume (ce/g, dry): 2.54

Langmuir Pressure (MPa): 5.7

MOIST ASH FREE BASIS B

0.3291 0.11 0.00
0.8927 020 .39
12202 0.32 389
1.6089 0.42 4.28
28970 0.59 456
4.0324 0.78 $.12
54775 0.98 571
6.5473 1.08 8.54
8.4158 1.12 7.54
9.5359 1.15 a.27

Saturated Monolayer Volume (ccfg, ash free): t.88

Langmuir Pressure (MP8): 5N

Correlation Coefficient: 0.89
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Mathane Adsorbed (ccig @ STP)

8

b
th
=]

>
2]

8

o
3

8

[
)

g

1.00

0.80

0.00

00DL43A
Dry Ash Included Basis

Saturated Monolayer Volume (cc/g@STP,DRY): 2.54
Langmuir Pressure (MPa): 6.71

Total % Moisture in experiment =30.23
Total % Ash In experimaent =601

Gondness of fit of regression:  0.99

wMa

0 2 4 8 8 10
Sample Coll Equiibrium Pressure (MPa)

12

9
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APPENDIX VIi

00DL58 36-39 .5

Methane Adsorption Isotherm
Imperial Units

[Summary of Analyses
AS Received | W@s

Langmuir Volume co/g 18
Langmuir Pressure MPa 1201 1204
Goodness of fit Langmuir
Equation R-squared 0.87 0.97
Ash Comtert WA.% 60.60] 60.60
Equllibrium Moisture W% 8,77 8.77
Contents of Appendix .

Data Sheets Charts

As Received As Received

Dry Ash Free Dry Ash Free

Dry Ash Included  Dry Ash lncluded
Moist Ash Free Moist Ash Free

\wMg

65



00DL58 36-39 .5

METHANE ADSORPTION ISOTHERM CFG UNITS
| AS RECEIVED BASIS _
Sample |.D. : 00DL58 38-39 .5 Maisture Content (EQ) % :
Isotherm Temperature ® F: 104 Ash Comtent, % :
Hellum Density g/ec
PRESSURE (PSH) ADSORBED PIV
METHANE
(SCFhom)
[ 240 1869
88 567 17.30
176 1045 16.84
261 14 97 1743
389 10.64 19.82
582 28.22 22.20
791 31.51 25.10
1004 3481 28.64
1217 38.52 31.58
1379 40.79 33.80
Saturated Monolayer Votume (SCFAon): 78
Langmuir Pressure (PSIA): 1201
| DRY ASH FREE BASIS
45 7.37 6.10
98 17.37 5.85
178 32.02 549
261 4589 509
389 80.18 6.47
£82 20.38 724
791 96.58 a.19
1004 106.689 0.41
1217 118.05 10.31
1378 125.02 11.03
Seturated Monolayer Volume (SCFhon, daf): 238
Langmuir Pressure (PSIA): 12D
Correigtion Caoefficient: 0.97

8.77

60.80
1.823



00DL58 36-39 .5
METHANE ADSORPTION ISOTHERM CFG UNITS
| . DRY ASM INCLUDED BASIS
Sample 1.0, : 00DL58 36-39 .5  Moisture Content (EQ) % :
isotherm Tempersature ® F: 104 Ash Contertt, % :
Hefium Density g/cc
PRESSURE (PSI) ADSORBED P/V
METHANE
(SCFAon)
435 k) 17.43
g8 8 18.13
178 11 15.70
261 16 16.25
188 21 18.47
582 28 20.70
791 4 23.40
1004 az 26.89
1217 41 2945
1379 44 34.51
Satuyrated Monolayer Volume (SCFAon): . <}
Langmuir Pressure (PSIA): 1201
MOIST ASH FREE BASIS
45 6 7.38
88 14 6.82
176 27 8.63
281 ag 6.87
389 50 7.81
502 87 8.75
71 80 0.88
1004 88 11.38
1217 88 12.44
1378 104 13.32
Saturated Monolayer Volume (SCFAon, daf): 197
Langmuir Pressure (PSIA): 1201
Correlation Cosfficent 0.97

67

6.77

80.60
1.823



Mathane Adsorbed (SCF)

) 00DL58 36-39 .5
As Received Basis

70 |

&

3

8

Saturated Monolayer Volume (SCF). 78
Langmuir Prassura (PS1): 1201
Total % Moisturs in experiment = 5 77
Total % Ash in expermant = 80 60

Goodness of fit of regression: 0.97

[ME
16 }
- ) Q
1] # + + + i + t
4] 200 400 600 800 1000 1200 1400 1600

Sampie Cell Equilibrium Pressure (P8IA)
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00DL58 36-39 .5
Dry Ash Included Basis

Maethane Adearbed {SCF, DAF)
o
L]

:

Saturated Monolayer Volume (SCF/DRY):. 83
Langmuir Pressure (PSI1): 1201
Total % Moisture in experiment = §.77
Total % Ash in experiment = 50.80

Goodness of fit of regression: 0.97

200 400 800 800 1000
Sample Cell Equitibriuen Pressure (PSIA)

1200

0L



Methane Adsorbed {SCF, DAF)

100

70

20 4

10

00DL58 38-39 .5
Moist Ash Free Basis

Saturated Monoclayer Volume (SCFMOQIST): 197
Langmuir Presgure (PS1). 1201

Total % Moisture in axperiment = 6.77
Total % Ash in sxperiment = 80.60

Goodnass of fit of regression. 087

N i X ’ 4
T ¥ ' ¥ v T

200 400 800 800 1000 1200 1400 1600
Sampie Cell Equiilbdum Pressure (PSIA)
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APPENDIX Vill

00DL 58 36-39 .5

Methane Adsorption Isotherm Sl Units

Summary of Analyses
As Received | OAF bass
JLangmuir Volume cc/g — 2.28 8.50]
Langmuds Pressure MPa 828 8.28)
Goodness of fit Langmuir
Equsation R-squared 0.97 0.97|
Contant Wt % 60.60, 60.60
Equiibriom Moisture Wa.% 6.77 8.77
Contsnts of Appendix
Data Sheets Charts
As Received As Received
Ory Ash Free Dry Ash fFree
Diy Ash Inciuded Dry Ash included “MB
Moist Ash Fres Moist Ash Free
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00DL58 36-39 .5

METHANE ADSORPTION ISOTHERM S1 UNITS
| AS RECEIVED BASIS |
Sampie 1.D. : 000L58 36-38.5 Moisture Content (EQ) % :
Isotherm Temperature © C: 40 Asgh Content % :
Helium Density g/cc
PRESSURE (MPa) ADSORBED PIV
METHANE
(cc/lg @STP)

0.310 0.67 4.385

0.678 0.17 4.059

1213 0.31 3.950

1.798 0.44 4.089

2683 0.58 4649

4.013 0.77 5208

5.452 0.93 5.888

6.822 1.02 6.768

8.388 1.13 7.410

9.508 1.20 7.929

Saturated Monolayer Volume (ce/g @ STP):

Langmuir Pressure (MPa):

| DRY ASH FREE BASIS |
0.310 0.22 1.431
0678 0.51 1.325
1.213 0.54 1289
1.799 135 1.334
2883 1.7 1.617
4013 23 1.700
5452 284 1.821
6.922 314 2208
8.388 347 2418
6.508 .67 2587

Saturated Monolayer Volume {(cc/g @ STP, daf):

Langmuir Pressure (MFa):
Correlation Coefficient

74

8.77

60.60
1.923

8.28

6.88
828
097



00DL58 36-39 .5
METHANE ADSORPTION ISOTHERM SI UNITS
| DRY ASH INCLUDED BASIS
Sampie 1.D. : 00DL58 36-38 .5,  Moisture Content (EQ) % :
lsotherm Temparature ® C: 40 Ash Content %
Heltum Density g/ce
PRESSURE (MPa) ADSORBED P/V
METHANE
(cla@STP)
0310 .08 455
0.878 0.18 .78
1.213 0.2 .68
1.799 0.47 3.81
2683 0.62 433
4.013 0.83 4.88
5.452 0.99 549
6.922 1.10 8.31
8.388 12t 8.91
9.508 1.28 7.39
Saturated Monolayer Volume (cc/g, dry): 244
Langmulr Pressure (MPa): 828
| MOIST ASH FREE BASIS
0.3098 0.18 0.00
0.8760 0.42 1.60
12127 0.78 1.56
1.7604 1142 181
28830 148 1.83
4.0135 1.08 205
54518 235 232
8.9219 260 287
8.3885 287 282
9.6082 3.04 312
Saturated Monolayer Volume (cc/g, ash free): 578
Langmulr Pressure (MPa): 828
Correlation Cosffident: 0.87

75

8.77

60.60
1.623
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Pressure{Volume (MPa‘g/cc)

Adsorption Langmuir Plot

Methane S| Units
Dry Ash Free Basis

00DL58 36-39 .5

3.000

2,500

2.000 |-

1.500 |~

1.000 -

0.500

0.000
0.00

1.00

T
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APPENDIX IX

00DL33-E

Methane Adsorption /sotherm
Imperial Units
Summary or Analyses
As Received | DAF
Langmulr Votume colg 240 344
Langmuir Pressure MPa 833 833
ness of fit Lengmuir
Equation R-squared 098] 088
Ash Content WL% 22.21 2221
Equilibrhsm Moisture Wh.% 7.02 7.92
Contents of Appendix
Dwta Sheets Charts
As Received As Received
Dry Ash Free Dry Ash Free
Dry Ash Included  Dry Ash Incioded '@ M &

Molst Ash Free

Moist Ash Frae

82




00DL33-E
METHANE ADSORPTION ISOTHERM CFG UNITS
| AS RECEIVED BASIS _
Sample |.D. : 00DL33-£ Moisture Contemnt (EQ) % :
Isotherrn Temperature ® F: 104 Ash Content, % :
Helium Density g/cc
PRESSURE (P8I) ADSORBED P/V
METHANE
(SCFNon)
41 1064 359
82 25.08 3.66
170 41.17 413
2568 $8.80 4.50
B4 78.34 4.90
579 08.65 5.87
797 113.91 7.00
1007 120.50 7.7¢
1224 141.88 8.83
1387 153.31 8.05
Saturatad Monolayer Volume (SCFAon): 240
Langmuir Pressure (PS1A): 833
| DRY ASH FREE BASIS
41 15.23 272
2 35.87 258
170 58.93 2.80
256 81.29 3.14
384 112.12 342
579 141.19 4.10
797 163.03 4.89
1007 185.35 544
1224 203.03 6.03
1387 219.42 8.32
Saturated Monolayer Volume (SCFAon, daf): 344
Langmuir Pressure (PSIA): 833
Correlation Coefficient: 0.99

83

1.82

221
1.485



O0DL33-E
METHANE ADSORPTION ISOTHERM CFG UNITS
| DRY ASH INCLUDED BASIS
Sample 1.0. ; 00DLA3-E Moisture Comtert (EQ) % :
Jsotherm Tempaerature * F: 104 Ash Content, % :
Helium Density g/cc
PRESSURE (PSI) ADSORBED PIV
METHANE
(SCFnon)
41 12 3.58
82 27 3.37
170 45 3,81
256 82 4.14
384 BS 4.51
579 107 5.41
787 124 8.44
1007 141 7.18
1224 154 7.95
1387 168 8.33
Saturated Monolayer Volume (SCFon): 201
Langmuir Pressure (PSIA): 833
l MOIST ASH FREE BASIS
41 14 3.02
92 32 285
170 83 321
258 73 50
4 101 301
579 127 4.57
787 148 544
1007 168 6.05
1224 182 6.71
1387 107 7.04
Saturated Monolayer Volume (SCFAon, daf): 309
Langmuir Pressure (PSIA): 833
Correlation Coefficient: 0.89

782

221
1.485
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Mathane Adsorbed (SCF, DAF}
[ ]
2

100 -

00DL3I3-E
Dry Ash Free Basis

Saturated Monolayer Volume (SCF/DAF): 344
Langmuir Pressure (PSl): 833
Total % Moisture in experiment= 7.62

Total % Ash in experiment = 22 21

Goodness of fit of regression: 0.98

200 400 600 800
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1000
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APPENDIX X

00DL33-E

Methane Adsorption Isotherm Si Units

Summary of Analyses

Langmuir Volume ¢c/y
Langmuir Pressure MPa
Goodness of fit Langmuir
Equation R-squared

Ash Content WA.%
Equittbrium Molsture Wt.%

Contents of Appendix
Data Sheets Charts
As Recetved As Received

Dry Ash Free Dry Azh Free “MB

Dry Ash inciuded Dry Ash Included °
Moist Ash Free Moigt Ash Fres )
o




00DL33-E
METHANE ADSORPTION ISOTHERM SI UNITS
|§a AS RECEIVED BASIS
mple I.D. : 00DLA3-E Moisture Coatent (EQ) % :
Isotherm Temperature ° C; 40 Ash Content % :
Hellum Density g/ce
PRESSURE (MPa) ADSORBED P/V
METHANE
(cc/g @STP)
0285 0.31 6.812
0.833 0.74 0.859
1173 1.21 0.970
1.782 1.67 1.055
2847 2.30 1.150
3.964 290 1.378
§.497 3.38 1.842
B8.948 3.81 1.825
8.442 4.17 2.025
D.564 4.51 2123

Saturated Monolayer Volume (cc/g @ STP):

Lengmuir Pressure (MPa):
| DRY ASH FREE BASIS
0.285 0.45 0.637
0.633 1.05 0.600
1173 1.3 0.677
1.762 239 0.737
2847 3,30 0.803
318684 4.15 0.863
5.497 4.79 1.147
8.846 548 1.275
8.442 5.97 1.418
6.584 8.45 1.483

Saturated Monclayer Voluma (coig @ STP, daf):

Langmuir Pressura (MPa):
Correlation Coefficient

7.92

2221
1.485

7.08
6.74

10.10
5.74
0.99

91



 00DL33-

E

METHANE ADSORPTION ISOTHERM SI UNITS

DRY ASH INCLUDED BASIS

Sampie iD. : 00DLA3-E Moisture Content (EQ) %
Isotherm Temperature ® C: 40 Ash Content %
Helium Density g/cc
PRESSURE (MPa) ADSORBED P/V
METHANE
(ccig@STP)
— 0,285 0.5 05
0.633 0.80 0.78
1173 1.31 0.89
1.762 1.81 0.87
2.647 2.50 1.08
3.994 3.15 127
5497 3.64 1.51
6.948 413 1.68
8.442 4.53 1.88
9.564 4.69 1.85
Saturated Monoiayst Vokume (ccig, dry): 7.87
Langmuir Pressure (MPa): 5.74
| MOIST ASH FREE BASIS
0.2652 0.40 0.00
0.6328 0.85 0.67
1.1732 1.58 0.75
1.7618 218 0.62
2.6470 2,96 0.69
3.8943 N 1.07
5.4885 420 1.28
8.0463 4.69 1.42
B.4418 5.38 1.58
9.5841 5.79 1.65
Saturated Monolayer Volume (cc/g, ash frae): 8.07
Langmuir Pressure (MP&): 5.74
Cometation Coefficient: 0.99

7.82

221
1.465
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Methane Adsorbed (ccia @ STP)

10.00

00DL33-E
Dry Ash included Basis

oc0 |

700 |

8.00

500 -

400 |

3.00

200 -

1.00

0.00

Saturated Monolayer Volurne (cc/g@STP,DRY), 7.67
Langmulr Pressure (MPa):  5.74
Totad % Moisture in expariment=  7.82

Totat % Ash In experiment = 22.21

Goodness of fit of regression:  0.99

‘Ma

4 8 [
Sampis Cell Equitibrium Pressure (MPa)

10

12
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APPENDb( Xi

00DL28-44

Methane Adsorption Isotherm
Imperial Units
Summary ot Analyses
[As Received | DAF basss |
JLangmuir Volume ccfg 85
Langmuir Pressure MPa 1221 1221
[Goodness of fit Langmulr
ation R-squared 0.87| 0.97
Comtenmt W% 728 728
Equilibrium Moisture Wt.% 27.89 27.89
Contents of Appendix
Data Sheets Charts
As Recaived As Received
Ory Ash Free Dry Ash Free
DryAshinciuded  DryAshinduded QM

Moist Ash Free

Moist Ash Free
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APPENDIX XI

00DL 28-44

Methane Adsorption Isotherm
Imperial Units
ummary of Anajyses

Langmuir Volume cc/g 1 gL
Langmuir Pressure MPa 1221 1221
Goodness of fit Langmuir
Equation R-squared 0.97] 0.97
Ash Contemt Wt.% 726 7
Equilibrium Moisture WE.% 27.09| 27.89
Contents of Appendix

Dats Sheets Chearts

As Received As Recoived

Dry Ash Free Dry Ash Frea

DryAshincded  DryAshincted  RME

Motst Ash Free Moist Ash Free
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00DL28-44
METHANE ADSORPTION ISOTHERM CFG UNITS
[ _ AS RECEIVED BASIS _ |
Sample |.D. : 00DL28-44 Moisture Content (EQ) % : 27.89
Isotherrn Temperatuce * F: 104 Ash Comtent, % : 728
Helium Density g/cc 1.361
PRESSURE (PSI) ADSORSED PIV
METHANE
(SCFfon)
45 2.63 17.1%
28 4.44 2218
190 .21 23.08
285 11.74 22,55
363 15.72 25.02
580 21.51 27.45
206 28.75 30,14
1020 29,18 34.98
1229 31.70 38.77
1388 35.17 38.51
Saturated Monolayer Volume (SCFRon): 65
Langmuir Pressure (PS!A): 1221
DRY ASH FREE BASIS |
45 4.08 11.10
98 8.84 14.38
180 12.87 14.87
285 18.11 14.62
303 24.24 168.23
380 33.17 17.80
806 41.28 19.85
1020 44.87 2268
1229 48.89 25.14
1389 54.23 25.62
Saturated Monolayer Volume (SCFAon, daf): 100
Langmuir Pressure (PSIA): 1221

Corralation Coefficient: 0.87



00DL28-44
METHANE ADSORPTION ISOTHERM CFG UNITS

101

| _ DRY ASH INCLUDED BASIS |
Sample 1.D. : 000LZ8-44 Maoisture Content (EQ) % : 27.89
lsotherm Temperature © F: 104 Ash Content, % : 7.28
Hefium Densty g/cc 1.351
PRESSURE (PSi) ADSORBED PIV
METHANE
(SCFnon)
45 4 1234
98 e 15.99
180 11 18.64
285 16 16.28
383 2 18.04
560 30 18.79
806 37 21.73
1020 40 25.22
1229 44 27.98
1388 49 20.49
Ssturated Monolayer Volume (SCF/lon). 80
Langmuir Pressure (PSIA): 1221
[ MOIST ASH FREE BASIS |
45 3 15.87
08 5 20.57
160 9 21.41
265 13 20.81
383 17 2321
580 23 25.46
808 29 27.85
1020 3t 3244
1229 M 35.66
1388 38 36.64
Saturated Monolayer Volume (SCFiton, daf); 70
Langmuir Pressive (PSIA): 1221
Correiation Coefficient: 0.87
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Methane Adsorbed (SCF, DAF}

100

00DL28-44
Dry Ash Free Basis

Saturated Monolayar Volume (SCF/DAF). 100
Langmuir Pressure (PS): 1221
Total % Moisture in experiment = 27.89

Total % Ash in experiment= 726

Goodness of fit of regression: 0.7

200 400 800 800
Sampis Cell Equilibrium Presaurs (PSIA)

£01



104

{(W18d) snssnad wnpqinbz neo spdweg
0001 008 009 0oy 002 0

= 2
2 —

16'0 uomssaubial jo Jjj j0 $8UPOOD

0L = Wewyedxe Ul ysy % oL
8822 =juswiuadxe Ul SINGSION % (210L
12ZL  :{1sd) amnsssid ynwbue
06 {ANQ/HOS) SUINOA JIARIOUCH PatRIMES

siseq papnu| ysy g
PP-821Q00

(dva ‘198) penuoSpY oUBYIAN




So1

00z}

{Vi18d) sanssssqd WNPQNDI (19D sjdieg

000!

008 009 oov 002

180 :uoissa:Bes Jo ) Jo sSBLPOOS)

9Z'¢ =ewpadxa W ysy % J&oL
88°12 =luewyadxd Ul INISION % EI0L
122 {1Sd) aunssald anufuen
02 ULSIOWHDS) SWN|OA Jeke|ouow paeimes

s|seg ea1d USY 180N
yr-8271000

1 0L

T 02

oy

T 0L

+ ow

(dva ‘478) peqiospy eusLRSY



106

U]

00bi

00c)

0001

(e1ed) aunssaiy
008

S W

- 8
(=3
2
8
N}
o

$2260=,Y

000

-] 00'S

| 0001

- 00'9L

00°0C

00'GC

y¥-8271000

siseg eald ysy AQ

sjjun |epedw) sueyiew
J0ld JihwBue] uopdiospy

00°0¢

{32878u0],5d) BWNjOARINESBIY




APPENDIX XII

00DL28-44

Methane Adsorption Isotherm S/ Units

|[Ash Content Wt %
Equilibrium Moisture Wt %

Summary of Analysas

[ As Received | besis
Langmuir Volume cc/g 1.91 .
Langmuir Pressure MPa 8.42 8.42
lGoodness of fit Langmuir
Equation R-squared 0.97!

7.
2789

Contents of Appendix
Datz Sheets
As Reacsived
Dry Ash Fres
Dry Ash Included
Moist Ash Frea

As Received
Dry Ash Free
Ory Ash Included
Moist Ash Free
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00DL 2844

METHANE ADSORPTION ISOTHERM SI UNTTS

r

AS RECEIVED BASIS

Sampie 1.0. :

CODLZ8-44 Wolsture Cortent (EQ) % :

Isotherm Temperature * C; 40 Ash Content % :
Hellum Densky g/cc

PRESSURE (MPa) ADSORBED PIV
METHANE
(cc/g @STP)

0.311 0.08 4.015

0.678 0.13 $.203

1.307 0.24 5416

1.828 0.35 5.289

2712 0.46 5870

4,071 0.63 8.439

6.559 0.79 7.071

7.032 0.68 8.205

8.475 0.93 9.088

9.580 1.03 9.268
Saturated Monotayer Volume (co/g @ STP):

Langmuir Pressure (MPa):
| DRY ASH FREE BASIS

0.311 0.12 26804

0.678 0.20 3.374

1.807 0.37 3512

1.628 0.563 3.430

2.712 0.71 3.807

4.071 0.97 4.178

5.689 1.24 4586

7.032 1.32 §.321

8478 1.44 5.898

9.580 1.59 8.011

Saturated Monokayer Volurme {¢c/g @ STP, daf):

Langmuir Pressure (MPa):
Corralation Coefficlent

27.89

726
1.351

1.91
8.42

294
8.42
0.7

108
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00DL 28-44
METHBANE ADSORPTION ISOTHERM SI UNITS
| —DRY ASH INCLUDED BASIS |
Sample 1.D. : 00DL2844  Mosture Content (EQ) % : 27.89
Isotherm Temperature * C: 40 Ash Content % 7.28
Helium Density g/cc 1.351
PRESSURE (MPa) ADSORBED PI/IV
METHANE
(c/g@STP)
L% E K LR 250
0.678 0.18 .75
1.307 0.33 3.90
1.826 0.48 3.84
2712 0.64 423
4.074 0.68 464
5.559 1.08 5.10
7.032 1.19 5.82
0.475 129 8.5
6.580 1.43 6.68
Saturated Monolayer Volume (cc/g, dry): 265
Langmuic Pressure (MPa). 8.42
[ MOIST ASH FREE BASIS |
0.3108 0.08 0.00
0.6782 0.14 4.82
1.3072 0.26 5.02
1.8258 0.37 491
2118 0.50 5.44
4.0707 0.68 6.97
5.55688 0.85 .58
7.0323 0.82 T.81
8.4740 1.00 8.44
9.5797 1.44 8.60
Saturated Monolayer Volume (ce/g, ash free): 2.08
Langmuir Pressure (MPa): 8.42

Comeiation Coefficient: 0.87
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Methane Adsorbed (calg @ STP, DAF)

00DL28-44

Dry Ash Free Basis
30
Saturated Monolayer Volume (cc/g@STP, DAF): 2.54
Langmuir Pressure (MPa): 8.42
25 Total % Moisture in expsriment=  27.89

Total % Ash in experiment = 7.28

Goodness of fit of regression: ©.37

find
o

=
m

=-
(=]

05 |
0.0 ; + + 3 }
0.00 200 4.00 8.00 8.00 10.00 12.00

Sample Cell Equilibrium Pressure (MPa)
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3.00

250 T

2.00

1.60

Methane Adsorbed (ccip @ STP}

0.60 -

0.00

00DL28-44
Dry Ash Included Basis

Saturated Monotayer Volume (co/g@STP.DRY):
Langmuir Pressure (MPa):

Total % Matsture In experiment =

Total % Ash in experiment =

Goodness of fit of regression: 0.87

.

285
8.42

27.88
7.26

4 8

—

8 10

Sampls Cell Equilibrium Pressure (MPa)

12

1
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Pressure/Volume (MPa*gicc)

. 0.000

7.000

Adsorption Langmuir Plot  00DL28-44
Methane Sl Units

Dry Ash Free Basis

6.000 -

g

:

3.000 -

2.000 -

1.000

0.00

_—

2.00 4.00 6.00

Pressure (MPa)

8.00

10.00

12.00
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APPENDIX XIII

Histograms of vitrinite reflectance measurements
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APPENDIX XIV
- Qom'botherm

To help you interpret you data I bave prepared a few short paragraphs to tell you how
your data was obteined. If you have any questions please do not hesitate to contact us.

Obtgining and interpreting isotherm data and Langmudr Isothermes

Your high-pressure methane, carbon dioxide or mixed gas adsorption analyses
were performed using a high-pressure volumetric adsorption technique similar to that
described by Mavor et al. (1990). Your isotherms were measored on a custom made
apparatus modeled after an apparatus designed and built at CSIRO Lucus Heights,
Australia. The apparatus is based on Boyles Law. Simply, a known volume of gas within
in a reference cell is used to dose a sample cell containing your sample. The amount of
gas adsorbed, using the real gas law, in the sampie cell is then determined based on
change in pressure in the sample cell. Normally 100 g of samiple is utilized in such
analyses. Tests show that reproducible results can be obtained on samples as small as 25
g but the larger samples yiold better quality data. Our instrument has four sample cells.

The pressures in the reference and four samples cells are measured using pressure
transducers that are interfaced to a computer equipped with specialized boards and
software for this purpose. The computer monitors the transducers and determines when
equilibrium is reached as well as controls valves and switches for dosing and purging the
references and sample cells. Following dosing of the sample cell with a known volume
of gas, the pressure in the sample cel{ is monitored. As gas is adsorbed by the sample the
pressure drops unti] equilibeivm is reached; that is no more gas can be adsorbed by the
samples at that particular specified pressure. Critical to obtaining quality isotherms is
deciding when the equilibrium is reached. In our instrument we set a stringent test-
equilibrium is reached only when the pressure in the cell does not change over a
designated period of time.  When equilibrium is reached the sample is dosed at the next
highest pressure. We normally collect 12 separate pressure points selected such that the
best Langmuir regression can be obtained. We can of course collect data at points
selected by the client before hand. The temperate of the references and sample cells is
maintained at the exact temperate requested by the client. The temperate is maintained
within a tolerance less than 1/10 of onc degree centigrade.

For a routine adsorption analyses about five ta six days are required once equilibrium
moisture has been determined.
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How we assure the quality of the isotherms- potential sources of error and recognition
of problems Yo

With an apparatus such as ours the only potential error is a change in the characteristics of
the pressure transducers, a leak in the system or non-ispthermal conditions.

Our pressure transducers were selected for optimum performance within the range of
pressures that isotherms are collected. They are not only factory guaranteed we cross-
calibrate our transducers periodically to test for drift. The accuracy of our transducers is
better than 0.001 MPa.

Prior to running your experiment the reference and sample cells and plumbing are
pressure (ested for leaks using helinm. We do our leak tests at 9 MPa. Because the He
molecule is smaller than either methane or carbon dioxide (the gases we normally do
adsorption work with) using He assures us of a leak free system. If a leak were to
develop during analyses (one never has) it would be readily apparent because the cells
wotld never come to equilibrium at a given pressure (the leak would appear as an
infinitely adsorbing material).

Nogn-isothermal conditions are not a potential problem utilizing our instrument unless a
prolonged power failure occurs. Our bath temperature is maintained by a submerged
electric heater and a circulating power. The heater is controlled by a temperature
controller to a tolcrance less than 1/10 of a degree centigrade.

We periodically run a standard sample in our apparatus to confirm that all is well.

Understanding Your Isotherms

The classic theory used to describe the Type [ isotherm for microporous materials with
smal] external surface area is based on the Langmuir equation (1516). The Type I
isotherm displays a steep increase in adsorption at low relative pressures due to enhanced
adsorption caused by the overiapping adsorption potentials between walls of pores whose
diameters are commensurate in size with the adsorbate molecule. The Type I isotherm
then flattens out into a platean region at higher relative pressure, which is believed to be
doe to the completion of a monolayer of adsorbed gas. The micropore volume is then
thought to be filled by only a few molecular layers of adsorbate, and further uptake is
limited by the dimensions of the micropores.

The Langmuir model assumes that a state of dynamic equilibrium is established
between the adsorbate vapor and the adsorbent surface and that adsorption is restricted to
a single monolayer (Gregg and Sing, 1982). The adsorbent surface is thought to be
composed of a regular array of energetically homogeneous adsorption sites upon which an
adsorbed monolayer is assumed to form. The rate of condensation is assumed to be equal
1o the rate of evaporation from the adsorbed monolayer at a given relative pressure and
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constant temperature. The Langmuir equation was developed with these assamptions and
takes the following form:

P=1+P

V BVp Vm
whu-cPisd:ceqndlihimprwswt,vuthcvolumcofgasadmrbedathzﬁﬁbﬂmvm
is the vohune of adsorbate occupying a monolayer, and B is an empirical constant. A plot
of P/V Vs relative pressure should yield a straight line whose slope will yield Vi from
which the surface area may be obiained. As shown on your figures a best fit Langmuir
isotherm and the data points bave been plotted for each sample. )

The Leangmuir Isotherm can be written:

V(P)= 4%

P = gas pressure

V(P) = predicated amount of gas edsorbed at P
V. = Langmuir volume parameter

P = Langmuir pressure parameter

The difference between the measured amouat of gas adsorbed (V(P)) and that predicted
using the Langmuir Equation (Vi{P)) is a measure of error and is given as:

Er(P) = Vi(P) - V(P)

This error may be positive or negative. The square of the error is always positive and is a
measure of the how well the calculated isotherm matches the data. This error can be
calculate for each point and summed giving a measure of the overall error:

Y 2
SSE=) Err
b=t

N= number of measured points.

We express the goodness of fit of the isotherm by calculation the correlation coefficient
between the mcasured points and the calculate points. Our results geperally yield
correlation’s thet are better than = 0.99. and standard efrors of Langmuir votumes of +
2%. The errors for your samples can be found on the bottom of the data sheexs that are
included with each sample.



132

In examining your data you should note that adsorption values are provided for the raw
data and corrected for ash content. The ash content will also be corrected for equilibrium
moisture content. e

When does adsorption not fit a Langmuir Equation?

The Langmuir equation has been found to provide an excellent fit for almost all samples
under most reservoir conditions. The Langmuir equation is based on the assumption of
monolayer filling of pores. Under conditions of low temperature and very high pressures
however multilayer pore filling is suspected (by some researchers) to take place which
results in a deflection (step) in the isotherm which marks the onset of multilayer pore
filling. This 'step' occurs at pressures and temperstures that are not realistic in terms of -
natural reservoirs however since we routinely nn our isotherms to pressures in excess of
12 MP3 and many clients request low temperatures, the step may be present in your
isotherm. 1f we encounter multilayer pore filling in your samples the regression will have
been performed with out inchuding the 'step'; although the data points are included in the
plot and data set.
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