
Division of Geological & Geophysical Surveys 

RAW-DATA FILE 2002-2 

HIGH PRESSURE METHANE ADSORPTION 
ISOTHERMS, PETROGRAPHY AND VITRINITE 

REFLECTANCE ANALYSES 

R.M. Bustin 
R.M.B Earth Science Consultants 

March 2002 

THIS REPORT HAS NOT BEEN REVIEWED FOR 
TECHNICAL CONTENT OR FOR CONFORMITY TO THE 

EDITORIAL STANDARDS OF DGGS 

Released by 

STATE OF ALASKA 
DEPARTMENT OF NATURAL RESOURCES 
Division of Geological & Geophysical Surveys 

794 University Avenue, Suite 200 
Fairbanks, Alaska 99709-3645 





High Pressure Methane Adsorption 
Isotherms, Petrography and Vitrinite 

Reflectance Analyses 

Samples: 
00DL28 32.5 
00DL28-1.0 
OODL 28-1 7 
00DL28-44 
00DL30B 
00DL32A 
OODL33 
OODL33E 
OODL34D 
OOD134F 
OODL43A 
OODL 49 326-327.5 
OODl.58 36-39.5 

For David LePain 
Department of Natural Resources 
State of Alaska 

Analyses carried out by R.M B. Earth Science Consultants 
Ltd. 
1/3/200 1 





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 
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INTRODUCTION 

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

Reflectance and organic petrography were carried on samples: 

High pressure metbane adsorption isotherms were canied out on samples: 

Methods 

On receipt of the samples they were crushed if necessary and split. A -20 or -60 mesh 
split was utilized for m a d  and vitrinite rcflecw depending on as received size of 
the samples. A -60 mesh split of the samples was used for adsorption analyses and 
helium density dctermhtion. 

The samples for methane adsorption analyses were placed ova  a KS04 bath in an inert 
atmosphere at 40' C (reservoir temperature provided by Dave LePain) for a minimum of 
12 days. Equilibrium moisture and ash was dctumined 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 proximate analyses. 



A detailed description and overview of the adsorption measurement procedure is 
provided in Appendix XIV. 

Results 

Petrography 
The petqpphic composition of the samples is summarized in Table 1. Many of the 
samples are very rich in mineral matter and probably are best described as a k g i l l i t e s  
or argillaceous wals. Histograms of the vitrinite reflectance data are shown in Appendix 
XIII. All samples are predominately comprised of vihinite groups macerals (about 90%) 
with minor amounts of inertinite (a%) and generally trace amounts of liptinite. 

The fabric of the coals are all remarkably similar. The collodetrinite is characterized by 
very fine-grained mineral matter (sub-micron). Tbe midithotype bands very f b m  a 
few micrometres to tens of micrometres and are interbanded with claystone. 

The mean vitrinite reflectance of the samples is between .I9 and .62. 

Adsorption Analyses 

The adsorption analyses of the samples is summarized on the attached pages in both SI 
and Imperial units. The results are detailed in Appendices I through XII. 

Note that STP in SI units is at OOC. In Imperial units standard (oil industry 
wnvention) STP is at a temperature of 60. F. Reported pressures are absolute. 
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OODL30B 

250 

P g 200 

150 

2 Dry 3 100 AF 

e g 50 
t 

0 
0 250 500 750 1000 1250 1500 

Sample Cell Equilibrium Pressure (PSIA) 

Pressure Adsorbed Methane (ft3lton) 

PSIA) 
As Dry with Moist Ash Dry Ash 

Received Ash Free Free 
39 9 11 10 14 
90 15 19 18 24 
187 25 32 30 40 
251 35 44 41 55 
380 48 62 58 n 
571 61 78 72 97 
779 69 88 82 110 
993 74 95 88 118 
1209 n 98 91 122 
1370 78 100 93 124 

Langmuir Parameters 
As Dry with Moist Ash Dry Ash 

Received Ash Free Free 
Vol. (ft3Aon) 110 140 131 1 78 
Pressure (PSIA) 512 512 51 2 51 2 
Isotherm Trmp~cptwa: 104 OF 
Goodness of flt of Langmuir regression: 0.99 
%Ash= 16.76 % h l o i s t u ~  21 .a 
SUMMARY OF ADSORPTTON ANALYSES IMP. UNITS 



OODL306 

10.0 

9.0 

8.0 

5 7.0 
U - 8.0 
0 4 5.0 

4 4.0 

2 3.0 DfY 
c 

2.0 G AF 

g 1.0 

0.0 
0.0 2.0 4.0 8.0 8.0 10.0 

Sample Cell Equilibrium Pressurn (MPa) 

Pressure Adsorbed Methane (cclg) 

(MPa) As Received Dry with Moist Ash Dry Ash 
Ash Free Free 

0.27 0.25 0.32 0.30 0.41 
0.62 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 1 .82 
262 1.43 1 .82 1.70 2.27 
3.93 1.79 2.28 2.13 2.85 
5.37 2.04 2.60 2.42 3.25 
6.85 2.1 8 278 259 3.47 
8.33 2.25 287 2.68 3.59 
9.45 230 29% 2.73 3.68 

Langmuir Parameters 
Dry with Moist Ash Dry Ash As Received Ash 

Free Free 
Vol. (cdg) 3.24 4.13 3.85 5.18 

Pressure (MPa) 3.53 3.53 3.53 3.53 
Isothenn Temperaturn: 40.0 .C 

Goodness of fit of Langmuir regmion: 0.99 
% Ash= 16.75 % Moisture = 21.38 

SUMMARY OF ADSORPnON ANALYSES Sl UNITS 



00DL28-1.0 

200 

5 175 - -  
0 
$ 150 -- 
0 
5 125 -- OAF 

k 

u g 100 - -  
-. 

a 

0 250 500 750 1000 1250 
Sample Cell Equilibrium Pressure (PSIA) 

Pressure Adsorbed Methane (fl3Ron) 

P S W  
As Dry with Moist Ash Dry Ash 

Received Ash Free Free 
40 8 11 8 12 
92 15 21 17 24 
170 24 33 26 38 
256 31 43 34 49 
386 41 56 45 64 
582 52 72 57 82 
793 62 88 88 98 
1008 72 100 79 114 
1222 79 109 88 124 
1383 84 117 92 133 

Langmuir Parameters 
As Dly with Mo~st Ash Dry Ash 

Received Ash Free Free 
Vol. (ft3lon) 1 23 170 135 1 94 
Pressure (PSIA) 71 1 71 1 71 1 71 1 
Isotherm Temperaturn: 104 O F  

Goodness offit d Langmuir regression: 0.98 
XAsb 8.95 % Moisture= 27.77 

SUMMARY OF ADSORP77ON ANALYSES IMP. UNITS 



OODL28-1.0 

8.0 

7.0 

, 6.0 
a - 

5.0 

8 4.0 
0 
4: 3.0 DV 
u 
e 2.0 AF 
a s 1.0 
I 

0.0 
0.0 2.0 4.0 6.0 8.0 10.0 

Sampk Cell Equilibrium Pressure (MPa) 

Pressure Adsorbed Methane (cdg) 

(MPa) 
Dry with Moist Ash Dry Ash As Received Ash Free Free 

0.27 0.22 0.31 0.24 0.35 
0.83 0.45 0.62 0.49 0.71 
1.17 0.70 0.97 0.77 1.10 
i .n 0.91 12 1 .oo 1.44 
2.66 1.20 1.66 1.31 1.89 
4.01 1.53 2.1 1 1.68 2.41 
5.47 1.83 2.53 201 2.89 
8.95 2.1 1 293 232 3.34 
8.42 2.31 3.20 254 3.65 
9.54 2.47 3.43 272 3.91 

Langmuir Parameters 
Dry with W A s h  Dry Ash As Received Ash Free Free 

Vol. (Wg) 3.61. 5.00 3.97 5.71 

Pressure (MPa) 4.90 4.90 4.90 4.90 

Isotherm Tamparaturn: 40.0 .C 
Goodnass of tit of LPngmuir regmion: 0.98 
W Ash= 8.98 % Molohua = 27.77 

SUMMARY OF ADSORPTION ANALYSES SI UNITS !St! 
- - 



OODL43A 

I SO 
140 - 130 g 120 

IL I10 
p 100 
U Q "  

f :  :: so Dry 

50 5 40 AF 
3 30 
z 20 

10 
0 

0 250 500 750 1000 1250 1500 
Sample Cell Equilibrium Pmssure (PSIA) 

Pressure Adsorbed Methane (ft3/ton) 

(PSN 
AS Dry with M o i ~ s h  D r y ~ s h  

Received Ash Free Free 
48 4 5 4 6 
I00 7 9 7 10 
178 10 14 I 1  16 
262 14 19 14 21 
391 19 n 20 30 
585 2s 36 n 39 
79) 31 44 33 48 
1008 34 49 38 53 
1221 38 51 38 58 
1383 37 53 39 58 

Langmuir Parameters 
As Dry with Moist Ash Dry AM 

Rewived Ash Fne Free 
Vol. (R3Aon) 80 86 84 94 
Pressurn (PSIA) 828 828 826 828 
Isotherm Temporaturn: 104 "I= 

Goodness of fit of Langmuir regression: 0.98 
% AShm 6.01 K M0iiura.l. 30.23 

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS 



OODL43A 

5.0 

4.5 

4.0 - 
p 3.5 
U 

2 3.0 

3 2.5 

8 2.0 
P : 1.5 

Dry 

1.0 AF 
5 3 0.5 

0.0 
0.0 2.0 4.0 8.0 8.0 10.0 

Sample Cell Equilibrium Pressure (MPa) 

Pressure Adsorbed Methane (cdg) 

(MPa) 
Dry with Moist Ash Dry Ash As Received Ash Free Free 

0.33 0.11 0.15 0.1 1 0.17 
0.69 0.19 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 
2.70 0.58 0.80 0.59 0.87 
4.03 0.74 1 .06 0.79 1.16 
5.48 0.90 1.29 0.96 1.41 
8.95 1 .OO 1.43 1.06 1 .57 
8.42 1.05 1.50 1.12 1.64 
9.54 1.08 1.55 1.15 1.70 

Langmuir Parameters 
Dry with Moist Ash Dry- 

&Received - Free Free 
VOI. (wg) i .n 2.54 1.88 2.77 
Pressure (MPa) 5.71 5.71 5.71 5.71 
Isotherm Temperatum: 40.0 .C 

Goodness of fit of Langmuir regression: 0.99 
% AehP 6.01 % Mokrtur~ a 30.23 

SUMMARY OF ADSORPTION ANALYSES SI UNITS 



00DL58 36-39.5 

150 
140 

ẑ  130 
0 120 s 110 AF g loo 
u 90 

f ;  s 60 
a 50 Dry g 40 
g 30 

=: 
0 

0 250 500 750 1000 1250 1500 
Sample Cell Equilibrium Pressure (PSIA) 

Presswe Adsorbed Methane (ftwon) 

(PSIA) 
As Dry with Moist Ash Dry Ash 

Received Ash Ffee Free 
45 2 3 6 7 
98 6 6 14 17 
1 76 10 11 27 32 
261 15 16 38 46 
389 20 21 50 60 

582 26 28 67 80 
791 32 34 80 97 
1004 35 37 88 107 
1217 39 41 98 118 
1379 41 44 104 125 

Langmuir Parameters 
As Drymth Moist Ash Dry Ash 

Recefved Ash Free Frae 
Vol. (ft3Aon) 78 83 1 97 238 

,Pmssum (PSIA) 1201 1201 1201 1207  
Isotherm Temperature: 104 O F  
Goodness of fit of Langmuir mgression: 0.97 
% Ash= 60.60 % Moisture= 6.77 

SUMMARY OF ADSORPTION ANALYSES IMP. UNrrS 



* 

I 

OODL58 36-39.5 

6.0 

5.0 

$ 4.0 - 
u AF 4 3.0 
8 u * 2.0 
B 
C w Dry 

g '.O 
0.0 

0.0 2.0 4.0 6.0 8.0 10.0 

Sample Cell Equilibrium Pressurs (MPa) 

- 
Pressure Adsorbed Methane (cclg) 

(MPa) 
Dry with Moist Ash Dry Ash 

As Received Free Free 
0.31 0.07 0.08 0.18 0.22 
0.68 0.17 0.18 0.42 0.51 
121 0.31 0.33 0.78 0.94 
1.80 0.44 0.47 1.12 1.35 
2.68 0.58 0.62 1.46 1.77 
4.01 o.n 0.83 1.96 236 
5.45 0.93 0.99 2.35 2.84 
6.92 1.02 1.10 2.60 3.14 
8.39 1.13 1.21 287 3.47 
9.51 1.20 1.29 3.04 3.67 

I 

Langmuir Parameters 
Drywith Moist Ash Dry Ash 

As Received Fraa Fres 
Vol. (cclg) 228 2.44 5.78 6.98 

Pressure (MPa) 8.28 8.28 8.28 8.28 

Isoth.rm Temperature: 40.0 .C 
Ooodnsss of M of Langmuir regression: 0.97 
%Ash= 60.60 K Moisture = 8.77 

SUMMARY OF ADSORPTlON ANALYSES SI UNITS 



0.0 2.0 4.0 6.0 8.0 10.0 

Sample Cell Equilibrium P w u r e  (MPa) 

Pressure Adsorbed Methane (Wg) 
As Received Dry with Moii Ash Dry Ash 

Ash Free Free 
0.31 0.34 0.40 0.45 
0.74 0.80 0.95 1.05 
1.21 1.31 1.56 1.73 
1.67 1.81 2.15 2.39 
2.30 250  2.96 3.30 
290 3.15 3.73 4.15 
3.35 3.64 4.30 4.79 
3.81 4.13 4.89 5.45 
4.17 4.53 5.38 5.97 
4.51 4.89 5.79 6.45 

Langmuir Parameten 
As Rdved Dry with Moist Ash Dry Ash 

Ash Free F m  

Prss~ure (MPa) 5.74 5.74 5.74 5.74 I 
Irothenn Tmperature: 40.0 Oc 

Ooodnur of fit of Langmuir ngmsion: 9-99 
%A8h= 22.21 %Moisturn= 7.92 

SUMMARY OF ADSORPnON ANALYSES SI UNITS rn 



00DL33-E 

10.0 - 
9.0 

8.0 

- -  
-- 

0.0 2.0 4.0 6.0 8.0 10.0 

Sample Cetl Equilibrium Prctroure (MPa) 

Pressure Adsorbed Methane (cdg) 

(MPa) 
Dry with Moist Ash Dry Ash As Received Ash 

Free Free 
0.29 0.31 0.34 0.40 0.45 
0.63 0.74 0.80 0.95 1.05 
1.17 1.21 1.31 1 .56 1.73 
1.76 1.67 1 .81 2.15 2.39 
2.65 2.30 250 2.96 3.30 
3.99 2.90 3.15 3.73 4.1 5 
5.50 3.35 3.64 4.30 4.79 
8.95 3.81 4.13 4.89 5.45 
8.44 4.17 4.53 5.36 5.97 
9.58 4.51 4.89 5.79 8.45 

Langmuir Parameters 
Drywith MoislAsh DryAsh As Recaived Ash 

Fm Free 
Vol. (Wg) 7.08 7.67 9.07 10.10 

Pressure (MPa) 5.74 5.74 5.74 5.74 
IsothannTmpcHPtwa: 40.0 F 
Goodness of M of Langmuir mgrrsion: 0.99 
%Ash= 2221 % Moisture = 7.92 

SUMMARY OF ADSORPTION ANALYSES SI UNITS 



OODL28-44 

100 

90 8 80 

70 - 80 P g so Dry 

4 40 
4 

AF 

a 3 0  5 g 20 
= 10 

0 
0 250 500 750 1000 1250 1500 

Sample Call Equilibrium Pmsure (PSIA) 

Pressure Adsorbed Methane (Pt3hon) 

PSI4 As Drymth Moist Ash Dry Ash 
Received Ash Free Free 

45 3 4 3 4 
98 4 6 5 7 
190 8 11 9 13 
265 12 16 13 18 
393 16 22 17 24 
590 22 30 n 33 
806 27 37 29 41 
1020 29 40 31 45 
1229 32 44 34 49 
1388 35 48 38 54 

Langmuir Parameters 
As Dry with Moist Ash Dry Ash 

Received Ash Free Free 
Vol. (ft3hon) 65 90 70 100 

Pressure (PSIA) 1221 1221 1221 1221 
kothann Tmporatum: 104 O F  
Goodness of ffi of Langmuir regression: 0.97 
%Ash- 7.26 94 Moisture- 27.89 

SUMMARY OF ADSORPTION ANALYSES IMP. UNITS 



OODL28-44 

3.0 

2.5 - 
CI 2 2.0 - 
u 4 1.5 Dry 
0 u AF 
( 1.0 
0 c 
I 
5 0.5 
2 

0.0 
0.0 2.0 4.0 8.0 8.0 10.0 

Sample Cell Equilibrium Prwrurr, (MPa) 

Pressure Adsorbed Methane (cdg) 

(MPa) As Received 
Dry with Moist Ash Dry Ash 

Ash Free Free 
0.31 0.08 0.1 1 0.08 0.12 
0.68 0.13 0.18 0.14 0.20 
1.31 0.24 0.33 0.28 0.37 
1.83 0.35 0.42) 0.37 0.53 
2.71 0.46 0.64 0.50 0.71 
4.07 0.83 0.88 0.68 0.97 
5.56 0.79 1 .OQ 0.85 1.21 
7.03 0.88 1.19 0.92 1.32 
8.47 0.93 1.29 1 .OO 1.44 
9.58 1.03 1.43 1.11 1.59 

* 
Langmuir Parametem 

Dry with Moist Ash Dty Ash AsReceived Ash Free Free 
Vol. (Wg) 1.91 265 208 294 
Pressure (MPa) 8.42 8.42 8.42 8.42 

Isotherm TmpcHpture: 40.0 F 
Goodness of fit of Langmuir tegreuion: 0.91 
%Ash= 7.26 % Moktum = 27-89 

SUMMARY OF ADSORPTION ANALYSES Sl UNITS 

+ 



APPENDIX 1 

OODL30B 

Methane Adsorption Isotherm 
Imperial Units 

Langmuir Volume cclg 

Contents of Appendix 
Dste Sheets Charts 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry Ash Included Dry Ash Indudad 
Moist Ash Free Moist Ash Free 



METHANE ADSORPTION ISOTHERM CFG UNITS 

I AS RECUVED BASIS 1 
Sample I.D. : OODL30B Moisture Content (EQ) % : 21.38 
Isotherm Temperature F: 104 Ash Content, % : 15.75 

Helium Densty glcc 1.378 

I I 
PRESSURE (PSI) ADSORBED P I V  

MEMANE 
(SCFlton) 

Saturated Monolayer Volume (SCFlton): 
Langmuir Pressure (PSIA): 

I DRY ASH FREE BASIS 1 

Saturated Monolayer Volume (SCFnon, dm: 
Langmuir Pnr~sure (PSIA): 

Correlation Coefficient: 



METaANE ADSORPTION ISOTHERM CFG UNITS 

I DRY ASH INCLUDED BASIS 
Sample 1.0. : 

i 
OOOL30B Moisture Content (EQ) % : 21.38 

Isotherm Temperature F: 104 Ash Content, % : 15.75 
Helium Density glee 1.378 

PRESSURE (PSI) ADSORBED 

(SCFAon) 

Saturated Monolayer Volume (SCFIton): 
Lansmuir Pressure (PSIA): 

I MOIST ASH FREE BASIS 1 

Saturated Monolayer Volume (SCFAon, daf): 
Langmuir Pressure (PSIA): 

Conelatiin Coefficient: 



As Received Basis 

Saturated Monolayer Volume (SCF): 11 0 
Langmuir Pressure (PSI): 512 

Total X Moisture in experiment = 21.38 
Total % Ash in experiment = 15.75 

G d n e s s  of fit of regression: 0 99 

-. - 
m w I 

0 200 400 600 800 1000 1200 1400 1600 

Sample Cell Equlllbrium Prruum (PSIA) 



I Goodness of N of regression: 0.00 I 

OODL30B 
Dry Ash Free Basis 

300- 

0 200 400 600 800 loo0 1200 1400 1600 
Srmpk Cell Equilibrium Pressure (PSIA) 

250 - 

Saturated Monolayer Volume (SCFIDAF): 176 
Langmuir Pressure (PSI): 512 

Total % Moisture in experiment = 21.38 
- Total % Ash in experiment = 15.75 



00DL30B 
Dry Ash Included Basis 

300 1 

Goodness of fit of regression: 0.99 

6-1 

250 

0 200 400 600 800 1000 1200 1400 161 

Sample Cell Equlllbrium Pnrrun, (PSU) 

Saturated Monolayer Volume (SCFIDRY): 140 
Langmuir Pressure (PSI): 612 

Total % Moisture in experiment = 21.38 
Total % Ash in experiment = 15.75 





Adsorption Langmuir Plot 00DL305 
Methane Imperial Units 

Dry Ash Free Basis 

R' = 0.9901 

0 200 400 600 800 1000 1200 1400 1600 

Pressure (psia) 



APPENDIX I1 

Methane Adsorption Isotherm SI Units 

Contents of Appendix 
0.ta S h d  Charts 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry Ash included Dry Ash Included 
Moist Ash Free Wit Ash Free 

Summary of Analyses 

DAF basis 
5.16 
3.53 

0.99 
15.75 
21.38 

Langmuir Volume cdg 
langmuir Pressure MPa 
Goodness of fit Langmuir 
Equation R-squared 
Ash Content Wt% 
Equilibrium Moisture Wt% 

As Recetved 
3.24 
3.53 

0.99 
15.75 
21.38 



METHANE ADSORPTION ISOTHERM SI UNITS 

I AS RECEIVED BASIS 
Sample I.D. : 

i 
00DL30B Moistwe Content (EQ) % : 21.38 

Isotherm Temperature C: 40 Ashcontent%: 15.75 
Helium Density glcc 1.378 

PRESSURE (MPa) ADSORBED 

( d g  42-1 

0.622 0.44 1.398 
1.154 0.74 1.569 
1.729 1.02 1.700 
2.619 1.43 1.834 
3.935 1.79 2.193 
5.373 2.04 2.632 
6.845 2.18 3.134 
8.333 2.25 3.697 
9.447 2.30 4.107 

Saturated Monolayer Volume (cdg @ STP): 
Langmuir Pressure (MPa): 

I DRY ASH FREE BASlS i 

Saturated Monolayer Volume (cc/g ((g STP, daf): 
Langmuir Pressure (MPa): 
Correlation Coefficient: 



OODL30B 
METHANE ADSORPTION ISOTBERM SI UNITS 

I DRY ASH INCLUDED BASIS I 
Sample 1.0. : WDL3OB Moisture Content (EQ) % : 21.38 

Isotherm Temperature O C: 40 Ash Content % 15.75 
Helium Density glee 1.378 

PRESSURE (MPa) ADSORBED 
METHANE 

W'g@STp) 

0.622 0.57 1.10 
1.1 54 0.94 1.23 
1.729 1.29 1.34 
2.61 9 1.82 1.44 
3.935 2.28 1.72 
5.373 2.60 2.07 
6.845 2.78 2.46 
8.333 2.87 2.91 
9.447 2.93 3.23 

Saturated Monolayer Volume ( d g ,  dry): 4.13 
Langmuir Pressure (MPa): 3.53 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (cclg, ash free): 
Langmuir Pressure (MPa): 

Correlation Coefficient: 



OODL30B 
As Received Basis 

Saturated Monolayer Volume (cdg@STP): 110 
Langmuir Pressure (MPa): 512 

Total % Moisture in experiment = 21.38 
Total % Ash in experiment = 15.75 

Goodness of fit of regression: 0.99 

4 6 8 10 12 

Sampk Cell Equlllbrlum Prossun (MPa) 





00DL308 
Dry Ash Included Basis 

4 6 8 

Sample Cell Equillbrlum Pressure (MPa) 

. 
Saturated Monolayer Volume (cdg@STP.DRY): 4.13 

. Langmuir Pressure (MPa): 3.53 
Total % Moisture in experiment = 21.38 

Total % Ash in experiment = 15.75 

Goodness of fit of regression: 0.99 

w 





Adsorption Langmuir Plot 00DL30B 
Methane SI Units 

Dry Ash Free Basis 

0.000 
0.00 1 .OO 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 

Pressure (MPa) 



OODL.28-1.0 

Methane Adsorption Isotherm 
Imperial Units 

Langmuir Volume cclg 
Langmuir Pressure MPa 
Goodness of ffl Langmuir 
Equation R-squared 
Ash Content WI.% 

Contents of Appendix 
Dotr Sheets Charts 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry Ash lnduded Dry Ash lnduded 
Moist Ash Free Moist Ash Free 



OODl.28-1.0 
METHANE ADSORPTION ISOTHERM CFG UNITS 

1 AS RECENED BASIS 
Sample I.D. : WDU8-1 .O Moisture Content (EQ) % : 27.n 

Isotherm Temperature F: 104 Ash Content, % : 8.95 
Helium Density glcc 1.31 1 

PRESSURE (PSr) ADSORBED 

92 15.30 6.02 
1 70 23.76 7.17 
256 31.05 8.28 
388 40.72 9.48 
582 51.90 11.22 
793 62.29 12.74 
1008 71.93 14.01 
1 222 78.86 15.53 
1383 84.19 16.43 

Saturated Monolayer Volume (SCFnon): 
Langmuir Pressurn (PSIA): 

I DRY ASH FREE BASIS I 

Saturated Monolayer Volume (SCFnon, daf): 
Langmuir Pressure (PSIA): 

Correlmion Coefficient: 



OODL28-1.0 
METHAlW ADSORPTION ISOTHERM CFG UNITS 

I DRY ASH INCLUDED BASIS I 
Sample 1.D. : 00DL2&1.0 Moisture Content (EQ) % : 27.77 

Isotherm Temperature O F: 104 Ash Content, % : 8.95 
Helium Density glcc 1.31 1 

PRESSURE (PSI) ADSORBED 
METHANE 
(SCFhon) 

Saturated Monolayer Volume (SCFnon): 
Larmmuir Pressure IPSIA): " . , 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (SCFRon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 





Dry Ash Free Basis 
300 1 

Satumted Monolayer Volume (SCFIDAF): 194 
Langmuir Pressure (PSI): 71 1 

Total % Moisture in experiment = 27.77 
Total % Ash in experiment = 8.95 

Goodness of fit of regression: 0.98 



OODl.28-j.0 
Dry Ash Included Basis 

300 1 
Saturated Monolayer Volume (SCFIDRY): 170 

Langmuir Pressure (PSI): 71 1 
Total % Moisture in experiment = 27.77 

250 - -  Total % Ash in experiment = 8.95 

Goodness of fit of regression: 0.98 
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Adsorption Langmuir Plot OODL28-1.0 
Methane Imperial Units 

Dry Ash Free Basis 
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APPENDIX lV 

00Df.28-7.0 

Methane Adsorption lsothenn SI Units 

ConbnbofApp.ndix 
Data Sheets ch.rts 
At Received As Received 
QyAsh Free Dry Ash Free 
Dry Ash included Dry Ash included 
MoiiAsh Frss Moist Ash Free 

Summary of Analyses 

Langmui Volume cc/g 
Langmuir Pressure MPa 
Goodness of tit Langmuir 
Equation R-squared 
AshContentWt% 
Equilibrium Moistm Wt.% 

As Received 
3.61 
4.90 

0.88 
8.95 

27.77 

DAF basis 
5.11 
4.90 

0.98 
8.95 

27.77 



. - OODL28-1.0 
METHANE ADSORPTION ISOTHERM S I  UNITS 

I AS RECEIVU) BASIS 
Sample I.D. : 

i 
WDL28-l .O Moisture Content (EQ) % : 27.77 

Isotherm Temperature C: 40 Ashcontent%: 8.95 
Helium Densii g/cc 1.31 1 

PRESSURE (MPa) ADSORBED 

( d g  @STPI 

0.635 0.45 1.412 
1.175 0.70 1.682 
1.768 0.91 1.937 
2.681 1.20 2.223 
4.014 1.53 2.631 
5.470 1.83 2988 
6.949 2.1 1 3.287 
8.422 2.31 3.643 
9.536 247 3.854 

Saturated Monolayer vohrme ( d g  @ STP): 
Langmuir Pressure (MPa): 

I DRY ASH FREE RASIS I 

Saturatsd Monolayer Volume ( d g  @ STP, daf): 
Langmuir Pressure (MPa): 



OODL28-1.0 
METEUNE ADSORPTION ISOTHERM SI UNITS 

1 " DRY ASH INCLUDED BASIS I 
Sample 1.0. : 00DL28-1.0 Moisture Content (EQ) % : 27.77 

lsothenn Temperature O C: 40 Ash Content % 8.95 
Helium Density glcc 1.311 

PRESSURE (MPa) ADSORBED 

(aJQgSTP) 

0.635 0.62 1.02 
1.175 0.97 1.22 
1.768 1.26 1.40 
2.881 1.68 1.61 
4.014 2.1 1 1.90 
5.470 2.53 2.16 
6.949 2.93 237 
8.422 3.20 2.63 
9.536 3.43 2.78 

Saturated Monolayer Volume (cdg, dry): 
Langmuir Pressure (MPa): 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (cclg, ash free): 
Langmuir Pre~sure (MPa): 

Correlation Coefficient: 





Dry Ash Free Basis 

4.00 6.00 8.00 10.00 12.00 

Srmplr Coil Equillbrlum P ~ u m  (MPr) 

- Saturated Mondayer Volume (cdg@STP, OAF): 5.71 
Langmuk Pressure (MPa): 4.90 

Total % Moisture in experiment = 27.77 
Total % Ash in experiment = 8 . g ~  

Goodness of fit of regression: 0 . 9 8  

- - - - 









APPENDIX V . . 

Methane Adsorption Isotherm 
Imperial Units 

Langmuir Volume cdg 
Langmuir Pressure MPa 
Goodness of fit Langmuir 
Equation R-squared 
Ash Content WL.% 

Cotltents of Appendix 
Iktr Sheets Chrrts 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry Ash lnduded Dry Ash lnduded 
Moist Ash Free Moist Ash Free 



OODL43A 
METHANE ADSORPTION ISOTHERM CFG UNITS 

I AS RECENED BASIS i 
Sample I.D. : OODL43A Moisture Content (EQ) % : 30.23 

Isotherm Ternmature O F: 104 Ash Content. % : 6.01 
Helium Density g/cc 1.334 

I I 
PRESSURE (PSI) ADSORBED P I V  

METHANE 
(scFnon) 

Saturated Monolayer Volume (SCFlton): 
Lanamuir Pressure (PSIA): 

r DRY ASH FREE BASIS 1 

Saturated Monolayer Volume (SCFnon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 



OODL43A 
METBANE ADSORPTION ISOTHERM CM; m s  
I AS RECEIVED BASIS 1 
Sample I.D. : OODL43A Moisture Content (EQ) % : 30.23 

Isotherm Temperature a F: 104 Ash Content, % : 6.01 
Helium Density glcc 1.334 

PRESSURE (PSI) ADSORBED 

(SCFnon) 

1 W 6.54 15.36 
178 10.12 17.62 
262 13.55 19.33 
391 18.90 20.70 
585 25.19 23.22 
794 30.69 25.88 
1008 33.97 29.66 
1221 35.69 34.20 
1383 36.89 37.49 

Saturated Monolayer Volume (SCFnon): 
Langmuir Pressure (PSIA): . . 

I DRY ASH FREE BASIS 1 

Saturated Monolayer Volume (SCFnon, dat): 
Langmuir Pressure QSIA): 

Correlation Coefficient: 



OODL43A 
METHANE ADSORPTlON ISOTHERM CFG UNITS 

I DRY ASH INCLUDED BASIS 
Sample 1.0. : 

i 
00DL43A Moisture Content (EQ) % : 

lsothwn Temperature O F: 104 Ash Content, % : 
Helium Density g/cc 

I 1 
PRESSURE (PSI) ADSORBED P I  V 

METHANE 
(SCFnon) 

Saturated Monolayer Volume (SCFAon): 
Langmuir Pressure (PSIA): 

I MOIST ASH FREE BASIS 1 

Saturated Monolayer Volume (SCFAon, daf): 
Langmuir Pressurn (PSIA): 

Correlation Coefficient: 







Dry Ash Included Basis 
100 1 1 

Saturated Monolayer Volume (SCFIDRY): 86 
Langmuir Pressure (PSI): 828 

Total % Moisture in experiment = 30.23 
Total %Ash in experiment = 6.01 

Goodness of fit of regression: 0.99 



OODL43A 
Moist Ash Free Basis 

90 - -  

80 

,-- 70 

d 

Saturated Monolayer Volume (SCFMIST): 64 
Langmuir Pressure (PSI): 828 

Total % Moisture in experiment = 30.23 
Total % Ash in experlrnent = 8.01 

Goodness of of regression: 0.99 





APPENDIX VI 

Methane Adsorption Isotherm SI Units 

Contents of Appendix 
De& Sheets Charts 
As Received As Received 
DtyAshFrae Dry Ash Free 
Dry Ash Included Dry Ash Included 
M o i  Ash Free Moist Ash Free 

Summary of Analyses 
I 

Langmuir Volume cc/g 
Langmuir F'mwre MPa 
Goodness of fit Langmuir 
Equation R-squared 
Ash Content Wt% 
Equilibrium Moisture Wt% 

AsReceived 
1.71 
5.71 

0.99 
6.01 
30.23 

DAFbacrkr 
2.11 
5.71 

0.99 
6.01 
30.23 



OoDL43A 
METHANE ADSORPTION ISOTHERM SI UNITS 

I AS RECEIVED BASIS I 
Sample I.D. : 00DL43A Moisture Content (EQ) % : 30.23 

Isotherm Temperature O C: 40 Ash Content % : 6.01 
Helium Density glcc 1.334 

PRESSURE (MPa) ADSORBED 

(MI @STPI 

0.693 0.19 3.604 
1.229 0.30 4.135 
1.807 0.40 4.536 
2.697 0.56 4.857 
4.032 0.74 5.448 
5.477 0.90 6.072 
6.947 1.00 6.959 
8.416 1.05 8.024 
9.536 1.08 8.796 

Saturated Monolayer Vdume (cdg @ STP): 
Lansmuir Pressure IMPal: 

I DRY ASH~FREE BASIS 1 

Saturated Monohyet Volume (cdg @ STP, daf): 
Langmuir Pressure (MPa): 
Cone la t i fmcoe~ 



OODL43A 
METHANE ADSORPTION ISOTHERM SI UNITS 

I DRY ASH INCLUDED BASIS i 
Sample 1.0. : WDL43A Moisture Content (EQ) % : 3023 

Isotherm Temperature0 C: 40 ~ s h  content % 6.01 
Helium Density g/cc 1.334 

PRESSURE (MPa) ADSORBED 

(WaSTP)  

0.693 0.28 2.51 
1.229 0.43 2.88 
1.807 0.57 3.16 
2.697 0.80 3.39 
4.032 1 .Og 3.80 
5.477 1.29 4.24 
6.947 1.43 4.86 
8.416 1 .SO 5.80 
9.538 1.55 6.14 

Saturated Monolayer Volume (Wg, dry): 
Langmuir Prassura (MPa): 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (cclg, ash free): 
Langmuir Pressure (MPa): 

Correlation Coefficient: 







00DL43A 
Dry Ash Included Basis 

5.00 

I 
Saturated Monolayer Volume (cclg@STP,DRY):2.54 

Langmuir Pressure (MPa): 5.71 
Total % Moisture in experiment =30.23 

Total % Ash in experiment =6.01 

Goodness of M of regression: 0.99 

Sampk Call Equilibrium P n u m  (MPa) 







APPENDIX W 

Methane Adsorption lsothenn 
Imperial Units 

ngmuir Volume cclg 

Contents of Appendix 
Data Sheets Charts 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry Ash Included Dly Ash lnduded 
Moist Ash Free Moist Ash Free 



METHANE ADSORPTION ISOTHERM CFG UNITS 

I AS RECUVED BASIS I 
Sample I.D. : WDL58 36-39 .5 Moisture Content (EQ) % : 6.77 
Isotherm Temperature O F: 104 Ash Content, % : 80.60 

Helium Density glcc 1.923 

PRESSURE (PSI) ADSORBED 

METHANE 
( S C F M )  

98 5.67 17.30 
1 76 10.45 16.84 
261 14.97 17.43 
389 19.64 19.82 
582 26.22 22.20 
791 31.51 25.10 
1004 34.81 28.84 
1217 38.52 31.58 
1379 40.79 33.80 

Saturated Monolayer Volume (SCFnon): 
Langmuir Pressure (PSIA): 

I DRY ASH FREE B A S  I 

Saturated Monolayer Volume (SCFhon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 



00DL58 36-39.5 
METHANE ADSORPTION ISOTHERM CFG UNITS 

I DRY ASH INCLUDED BASIS i 
Sample I.D. : 00DL58 36-39.5 Moisture Content (EQ) % : 6.77 

Isotherm Temperature F: 104 Ash Content. % : 60.60 
Helium Density g/cc 1 .a23 

PRESSURE (PSI) ADSORBED P I V  
METHANE 
(SCFnon) 

Saturated Monolayer Volume (SCFkon): 
Langmuir Pressure (PSIA): 

1 MOIST ASH FREE BASIS 1 

Saturated Mondayer Volume (SCFAon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 



As Received Basis 
OODL58 36-39.5 

I 
Saturated Monolayer Volume (SCF): 78 

Langmuir Pressure (PSI): 1201 
Total % Moisture in experiment = 6.77 

Total % Ash in experiment -- 60.60 

0 200 400 600 800 1000 1200 1400 1600 

Sunplr Call Equilibrium Pnrrura (PSU) 





Dry Ash Included Basis 
300 

Saturated Mondayer Volume (SCFIDRY): 83 
Langmuir Pressure (PSI): 1201 

Total % Moisture in experiment = 6.77 
Totai % Ash in experiment = 60.60 

Goodness of fit of regression: 0.97 

0 200 400 600 800 loo0 1200 1400 1600 

6kmpl8 Coil Equilibrium Pros8un (PSIA) 



0 200 400 600 800 1000 1200 1400 is00 

&mpk Coil Equilibrium P n u u n  (PSIA) 

OODL58 36-39.5 
Moist Ash Free Basis - 
Saturated Monolayer Volume (SCFMOIST): 197 

Langmuir Pressure (PSI): 1201 
Total % W~sture in experiment = 6.77 

Total % Ash in experiment = 60.60 

, . Goodness of fit of regmdon: 0.97 





APPENDIX VIll 

Methane Adsorption Isotherm SI Units 

Contenb of Appondlx 
Detl, Sheotr Charts 
As Received As Received 
Dry Ash Free Dly Ash Free 
Dry Ash Included Dry Ash Included 
MoistAshFree Moist Ash Free 

Summary of Analyses 

Langmuir Volume cdg 
Langmuk Pressure MPa 
Goodness of fit Langmuir 
Equatm R-squarad 
Ash Content W% 
E q u i l i i  Moisture W% 

AsR- 
2.28 
8.28 

0.97 
60.60 
6.77 

D A F W  
6.38 
8.28 

0.07 
60.60 
6.77 



METHANE ADSORPTION ISOTHERM SI UNITS 

I AS RECEIVED BASIS i 
Sample I.D. : 00DL58 36-39.5 Moisture Content (EQ) % : 6.77 

Isotherm Temperature * C: 40 Ash Content % : 60.60 
Helium Density glcc 1.923 

PRESSURE (MPa) ADSORBED 
METHANE 

@ S T )  

0.676 0.17 4.059 
1.213 0.31 3.950 
1.799 0.44 4.089 
2.683 0.58 4.649 
4.013 0.77 5.208 
5.452 0.93 5.888 
6.922 1.02 6.766 
8.388 1.13 7.410 
9.506 1.20 7.929 

Saturated Monolayer Vdurne (cdg @ STP): 
Langmuir Pressure (MPal: 

I DRY ASH FREE BASIS I 

Saturated Monolayer Volume (cdg @) STP, daf): 
Langmuir Pressure (MPa): 
Correlation Coefficient: 



METHANE ADSORPTION ISOTHERM S I  UNITS 

I DRY ASH INCLUDED BASIS 1 
Sample I.D. : 00DL58 3639.5 . Moisture Content (EQ) % : 6.77 

Isotherm Temperature O C: 40 Ash Content % 60.60 
Helium Density glee 1.923 

PRESSURE (MPa) ADSORBED 

(&g@STP) 

0.676 0.18 3.78 
1.213 0.33 3.68 
1.799 0.47 3.81 
2.683 0.62 4.33 
4.013 0.83 4.86 
5.452 0.99 5.49 
6.922 1.10 6.31 
8.388 1.21 6.91 
9.506 1.29 7.39 

Saturated Monolayer Volume (cc/g, dry): 
Langmuir Pressure (MPa): 

I MOIST ASH FREE BASIS 1 

Saturated Monolayer Volume (cclg, ash free): 
Langmuir Pressure (MPa): 

Correlation Coefficient: 
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Adsorption Langmuir Plot 00DL58 36-39.5 
Methane SI Units 

Dry Ash Free Basis 
3.000 . 



APPENDIX IX 

Methane Adsorpdion Isothenn 
lmperiar Units 

Langmuir Volume cdg 
Langmuir Pressure MPa 
Goodness of ft Langmuir 
Equation R-squared 
Ash Content Wt.% 

Contents of Appendix 
Data Sheets Charts 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry ~ s h  Included DIY ~ s h  Included 
Moist Ash Free Moist Ash Free 



00DL33-E 
METHANE ADSORPTION ISOTHERM CFG UNITS 

I 
- - 

AS RECHVE~BASIS 
Sample I.D. : 00DL33-E Moisture Content (EQ) % : 7.92 

Isotherm Temperature F: 104 ~ s h  content, % : 22.21 
Helium Density glcc 1.465 

PRESSURE (PSI) ADSORBED 

(ScFnon) 

92 25.06 3.66 
1 70 41.17 4.13 
256 56.80 4.50 
384 78.34 4.90 
579 98.65 5.87 
797 113.91 7.00 
1007 129.50 7.78 
1224 141.86 8.63 
1387 153.31 9.05 

Saturated Monolayer Volume (SCFRon): 
Langmuir Pressure (PSIA): 

I DRY ASH FREE BASIS I 

Saturated Monolayer Volume (SCFRon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 



00DL33-E 
METHANE ADSORPTION ISOTHERM CFG UNITS 

I ' DRY ASH INCLUDED BASIS I 
Sample I.D. : 00DL33-E Moisture Content (EQ) % : 7.92 

Isotherm Temperature F: 104 Ash Content, % : 22.21 
Helium Density g/cc 1.465 

PRESSURE (PSI) ADSORBED 

(SCFnon) 

92 27 3.37 
1 70 45 3.81 
256 62 4.14 
384 85 4.51 
579 107 5.41 
797 124 6.44 
1007 141 7.16 
1224 1 54 7.95 
1387 166 8.33 

Saturated Monolayer Volume (SCFhon): 
Lanamuir Pressure IPSIA): - . , 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (SCFRon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 





Dly Ash Free Basis 
400 

350 

300 

Saturated Monolayer Volume (SCFmAF): 344 
Langmuir Pressure (PSI): 833 

Total % Moisture in experiment = 7.92 
Total %Ash in experiment = 22.21 

Goodness of fit of regression: 0.99 

0 200 400 600 800 1000 1200 1400 1600 

Srmph Cell Equlllbrlum Pn#un (PSU) 









APPENDIXX 

Methane Adsorption lsothemt SI Units 

Contents of Appendix 
DataSheots Charts 
As Receivad As Recahred 
Dry Ash Free DryAshFree 
Dry Ash Included Dry Ash Included 
Moist Ash Free Moist Ash Free 

Summary of Analyses 

Langmuir Volume cdg 
Langmuir Pressure MPa 
Goodness of M Langmuir 
Equation R-sqwred 
Ash Content Wt.% 
Equilibrium Moisture Wt.% 

AsReceived 
7.06 
5.74 

0.99 
22.21 
7.92 

DAF basis 
10.10 
5.74 

0.99 
22.21 
7.92 



OODL33-E 
METEANJ3 ADSORPTION ISOTHERM SI UNITS 

I AS RECEIVED BASIS 
Sample I.D. : 

i 
WDL33-E Moisture Content (EQ) % : 7.92 

Isotherm Temperature O C: 40 Ash Content % : 22.21 
Helium Dens9 glcc 1.465 

PRESSURE (MPa) ADSORBED 

( d g  @STPI 

. 1  
0.633 0.74 0.859 
1.173 1.21 0.970 
1.762 1.67 1.055 
2.647 2.30 1.150 
3.994 2.90 1.378 
5.497 3.35 1.642 
6.946 3.81 1.825 
8.442 4.17 2.025 
9.564 4.51 2.123 

Saturated Mondayer Volume ( d g  @ STP): 
Langmuir Pressure (MPa): 

I DRY ASH FREE BASIS I 

Saturated Monolayar Vdume (cdg @ STP, daf): 
Langmuir Pressure (MPa): 
Correlation Coefficient: 



METHANE ADSORPTION ISOTHERM SI UNITS 

I DRY ASH INCLUDED BASIS I 
Sample I.D. : 0ODL33-E Moisture Content (EQ) % : 7.92 

Isotherm Temperature C: 40 Ash Content % 22.21 
Helium Density glcc 1.485 

I 1 
PRESSURE (MPa) ADSORBED 

(=4I@STp) 

Saturated Monolayer Volume (cdg, dry): 
Langmuir Pressure (MPa): 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (cdg, ash free): 
Langmuir Pressure (MPa): 

Cormlation Coefficient: 







00DL33-E 
Dry Ash Included Basis 

Saturated Monolayer Volume (oclgQSTP,ORY): 7.67 
Langmuir Pressure (MPa): 5.74 

Total % Moisture in experiment = 7.92 
Total % Ash in experiment = 22.21 

Goodness of fit of regression: 0.99 
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APPENDIX XI 
, .. 

OODL28-44 

Methane Adsorption lsothenn 
Imperial Units 

Langmuir Volume cclg 

Contents d Appendix 
Datasheets Charts 
As Received As Received 
thy Ash Free Dry Ash Free 
Dry Ash Included Dry Ash Included M & 
Moist Ash Free Moist Ash Free 



00DL28-44 

Methane Adsorption Isotherm 
Imperial Units 

Langmuir Volume cclg 
Langmuir P m r e  MPa 

Contents of Appendix 
Data S h e  Chart5 
As Received As Received 
Dry Ash Free Dry Ash Free 
Dry Ash Included DIY Ash Induded 
Moist Ash Free Moist Ash Free 



OODL28-44 
METHANE ADSORPTION ISOTHERM CFG UNITS 

I AS RECEMED BASIS 1 
Sample I.D. : 00Dl.28-44 Moisture Content (EQ) % : 27.89 

Isotherm Temperature a F: 104 Ash Content, % : 7.26 
Helium Density glcc 1.351 

PRESSURE (PSI) ADSORBED 

(SCFAon) 

Saturated Monolayer Volume (SCFAon): 
Langmuir Pressure (PSIA): 

I DRY ASH FREE BASIS 1 

Saturated Monolayer Volume (SCFnon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 



OODL28-44 
METHANE ADSORPTION ISOTHERM CFG UNITS 

I DRY ASH INCLUDED BASIS 
Sample I.D. : 

i 
00DLZ6-44 Moisture Content (EQ) % : 27.89 

lsothenn Temperature F: 104 Ash Content, % : 7.26 
Helium Density g/cc 1.351 

I I 
PRESSURE (PSI) ADSORBED 

METHANE 
(SCFRO~) 1 

Saturated Monolayer Volume (SCFRon): 
Langmuir Pressure (PSIA): 

I MOIST ASH FREE BASIS I 

Saturated Monolayer Volume (SCFRon, daf): 
Langmuir Pressure (PSIA): 

Correlation Coefficient: 





OODL28-44 
Dry Ash Free Basis 

Saturated Mondayer Volume (SCFIDAF): 100 
Langmuir Pressure (PSI): 1221 

Total % Molsture in experiment = 27.89 
Total % Ash in experiment = 7.26 

Goodness of fit of regression: 0.97 

400 600 800 loo0 1200 

(kmpk all Equlllbrium Pr#.uro (PSIA) 









APPENDIX XI1 

Methane Adsorption Isotherm S1 Units 

Contents of Appendix 
hb Sheets Charts 
As Received As Received 
Dty Ash Free DryAshFres 
Dry Ash lnduded Dry Ash Included 
Moist Ash Free Moist Ash Free 

Summary of Analyses 

Langmuir Volume cdg 
Langmuir Pressure MPa 
Goodness of fit Langmuir 
Equation R-squared 
Ash Content Wt% 
Equilibrium Moisture Wt.% 

As Received 
1.91 
8.42 

0.97 
7.26 

27.89 

DAF basis ~ 

2.94 
8.42 

0.97 
7.26 

27.89 



METHANE ADSORPTION ISOTHERM SI UNITS 

I AS RECEIVED BASIS 
Sample I.D. : 

i 
00DL28-44 Moisture Content (EQ) % : 27.89 

Isotherm Temperature O C: 40 Ash Content % : 7.26 
Helium Density glcc 1.351 

I d 

PRESSURE (MPa) ADSORBED 

@STPI 

0.678 0.13 5.203 
1.307 0.24 5.415 
1.826 0.35 5.289 
2.712 0.46 5.870 
4.071 0.63 6.439 
5.559 0.79 7.071 
7.032 0.86 8.205 
8.475 0.93 9.096 
9.580 1.03 9.268 

Sahrrated Monolayer Volume (aYg @ STP): 1.91 
Langmuir Pressure (MPa): 8.42 

I DRY ASH FREE BASIS 1 

Saturated Monolayer Volume (aYg @ STP, daf): 
Langmuir Pressure (MPa): 
Correlation Coefficient: 



OODL28-44 
METHANE ADSORPTION ISOTHERM SI UNITS 

I ' DRY ASH INCLUDED BASIS 1 
Sample I.D. : WDL28-44 Moisture Content (EQ) % : 27.89 

Isotherm Temperature C: 40 Ash Content % 7.26 
Helium Decuity QICC 1.351 

PRESSURE (MPa) ADSORBED 

@='rnSTp) 

Saturated Monolayer Volume (cdg, dry): 
Langmuir Pressure (?Ape): . . 

I MOIST ASH FREE BASIS I 

Saturated Mondayer Volume (cdg, ash free): 
Langmuir Pressure (MPa): 

Correlation Coefficient: 





Dry Ash Free Basis 
3.0 

0.0 
0.00 2.00 4.00 6.00 8.00 10.00 12.00 

Samplr Cell Equilibrium Proaura (MP8) 

- 

Saturated Monolayer Volume (cclg@STP, DAF): 2.94 
Langmuir Pressure (MPa): 8.42 

Total % Moisture in experiment = 27.89 
Total % Ash in experiment = 7.26 

Goodness of fit of regmion: 0 .97  



OODL28-44 
Dry Ash Included Basis 

I 
Saturated Monolayer Vdume (cc/g@STP.DRY): 2.65 

Langmuir Pressure (MPa): 8.42 
Total % Moisture in experiment = 27.89 

Total % Ash in experiment = 7.26 

Goodness of fit of regression: 0.97 
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Sample CdI Equilibrium Pmuum (MPa) 





Adsorption Langmuir Plot 00DL28.94 
Methane SI Units 
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Histograms of vitrinite reflectance measurements 
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APPENDIX XIV 
, .- 

Your Is&- 

To help you interpret you data I have prepand a few short pagmphs to tell you how 
your data was obtained. If you have any questions pleas do not hesitate to contact us. 

Obtaining and inkrptcting isotherm dcrta and Lungnwb Iko&nns 

Your high-prrssure metbane, carbon dioxide or mixed gas adsorption analyses 
were performed using a high-pressure volumetric -on technique similar to that 
described by Mavor et al. (1990). Your isotherms wen measured on a custom made 
apparatus modeled after an apparatus designed and built at CSDRO Lucus Heights, 
Australia The apparatus is based on Boyles Law. Simply, a b w n  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 sample cell is then daamined based on 
change in pnssure in the sample cell. Normally 100 g of sample is u t i k d  in such 
analyses. Tests show that qmducible results can be obtained on samples as small as 25 
g but the larger samples yield better quality data Our instrument has four sampk cells. 

The pressures in the reference and four samples cells are measured using presm 
transducers that are interfaced to a computer equipped with speciabd boards and 
softwan for this purpose. The computer monitors the t ransdm and daermines 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 cell is monitored. As gas is adsorbed by the sample the 
pressure drops until equilibrium is reached; that is no snore gas can be adsarbed by tbc 
samples at that particular specified presswe. Critical to obhhhg quality isotherm is 
deciding when the equilibrium is -had. In our instrument we set a stringent test- 
equilib&m is reached only when the prrssure in the cell does not change over a 
designated period of time. When equilibrium is reachad the sample is dosed at the next 
highest pressure. We normally collect 12 separate pressrne points selected such that the 
best Langmw regression can be obtained. We can of course collect data at points 
selected by the client before hand. The tempexate of the ref- 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 one degree centigrade. 

For a routine adsorption analyses about five to six days are requid once equili'brium 
moisture has been determined. 



How we assure the qunlity of the isotherms-potentidso~~~cs of e m r  and recogniiibn 
of problems ,, .- 

With an apparatus such as ours the only potential error is a change in the characteristics of 
the pressure t r a n s d ~  a leak in the system or non-isothermal conditions. 

Our pressure transducers were selected for optimum p e r f o m  within the range of 
pressures that isotherms are collected. They are not only factory guaranteed we cross- 
calibrate our t r a n s d m  periodically to test for driR 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 tested for leaks using helium. 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 
would never come to equilibrium at a given pressure (the leak would appear as an 
hhitely adsorbing material). 

Non-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 tempratwe 
controller to a tolerance less than 1/10 of a degret centigrade. 

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

Un1rstanding Your lsorkcrms 

The classic theory used to describe the Type I isotherm for microporous materials with 
small external surface area is based on the Langmuir equation (1916). The Type I 
isotherm displays a steep increase in adsorption at low relative pressures due to enhanced 
adsorption caused by the overlapping 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 plateau region at higher relative pressure, which is believed to be 
due 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 M e r  uptake is 
limited by the dimensions of the micropom. 

The Laagmuir model assumes that a state of dynamic equilibrium is established 
between the adsorbate vapor and the adsorbent s t a k e  and that adsorption is restricted to 
a single monolayer (Gtegg 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 
to the rate of evaporation from the adsorbed monolayer at a given relative pnssure and 



constant tempera-. The Langmuir equation was developed with these a ~ ~ ~ ~ @ o n s  and 
takes the following form: 

where P is the equilibrium pressun, V is the volume of gas adsorbed at equilibrium, Vm 
is the volume of adsorbate occupying a monolayer, and B is an empirical constant. A plot 
of PN Vs relative presswe should yield a straight l i i  whose slope will yield V, from 
which the surface area may be obtained. As shown on your figures a best fit Langmuir 
isothenn and the data points have been plotted for each sample. 

The Langmuir Isotherm can be written: 

P=gaspressure 
V(P) = predicated amount of gas adsorbed at P 
VL = Langmuir volume parameter 
PL = Langmuir pressure m e t e r  

The cliff- betwccn the measured amount of gas adsorbed Or@)) and that predicted 
using the Langmuir Equation (Vi(P)) is a measure of m r  and is given as: 

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 isothmn matches tbe data This error can be 
calculate for each point and summed giving a measure of the overall m r :  

N= number of measured points. 

We express the goodness of fit of the isothenn by calculation the correlation coefficient 
between the measured points and the calculate points. Our d t s  garaally yield 
correlation's that are better than ?= 0.99. and standard errors of L,augmuir volumes o f f  
2%. The errors for your samples can be found on h bottom of the data sheets that are 
included with each sample. 



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. 

M e n  does adrorpthn not fa a Langmuir Equafwn? 

The Langmw 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 temperatures that are not realistic in tenns of 
natural reservoirs however since we routinely run ow isotherms to pressures in excess of 
12 MPa and many clients request low tempera-, the step may be present in your 
isotherm. If we encounter multilayer pore filling in your samples the regression will have 
been performed with out including the 'step'; although the data points are included in the 
plot and data set. 

References 

ICCP (International Comnitee for Coal and Organic Petrology), 1998, The new vitrinite 
classification (ICCP System, 1994), Fuel, vol. 77, p. 349-358. 

Langrnuir, I., 1916. The constitution and fundamental properties of solids and liquids. 
Journal of the American Chemical Society, 38: 2221-2295. 

Mavor, M.J., Owen, L.B., and Pratt, T.J., 1990. Measurement and evaluation of isotherm 
data; Proceedings of 65th Annual Technical Conference and Exhibition of the Society of 
Petroleum Engineers, SPE 20728: 157-1 70. 


