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Abstract 
 
Hydrous pyrolysis (HP) tests on immature coal samples allow reproducing the natural maturation or coalification process that takes 
place during burial of coal-bearing sequences. These HP experiments generate oil and gases which can be measured to determine the 
generation potential and also produce a coal residue to be analyzed with vitrinite reflectance and other techniques. 
 
The standard HP technique requires a set of 9 experiments at constant temperatures ranging from 290 to 360 degrees C during 72 
hours to obtain coal residues with vitrinite reflectance (Ro) ranging between 0.8 and 1.8%, or even higher Ro values if experiments 
longer than 72 hours are set up. These HP experimental results with coal samples allow measurements of the generation potential for 
gas and oil in terms of cubic feet of gas per ton of coal (cft/ton coal) and barrels of oil per ton of coal (Bbl/ton coal) at a given vitrinite 
reflectance value. In addition, the hydrocarbons artificially generated during HP experimentation are analyzed by gas chromatography 
and other geochemical techniques. 
 
Different coalbed sites have been evaluated indicating that the gas generation potential of coal varies between 30 cft/ton coal at a Ro 
value of 0.8% to 2,400 cft/ton coal at a Ro of 1.8%. These figures can be used to evaluate the gas in place resources of a coalbed area. 

The gas composition of the gases generated from coals in HP experiments greatly changes from methane dominated to CO2 
dominated, and also the volume of wet and condensate gases varies in each coal-bearing formation. These changes in the gas 
composition are related to the maceral composition of the coalbed. 
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SAMPLING

1.Coal samples should  come from
one or several coal seams.

2. Coal samples should be representative
of  the entire coal seam from top to bottom

3. The stratigraphic position as well as the
geographic position should be known

4. Vitrinite reflectance should be 0.5% or
lower

5. An homogenized 200 gr samples is
used to run the H.P. tests



EQUIPMENT
Parr Reactor

April 11, 2001

A 290O,300O, 

Isothermal 
experiment run for 

72 hours at:

290, 300, 310, 320

330, 340, 345, 350

360 oC



HYDROUS 
PYROLYSIS 
PRODUCTS

• gas phase
•Oil phase
• Aqueous phase
• Coal solid residue 



RESULTSP

HC

290O= 0.041

360o= 0.557

NO HC

290O= 
0.015

360o= 
0 012

NON HIDROCARBON

GASES

CO, CO2, H2S

HIDROCARBON 

GASES  ( HC):

C1-C4



RESULTS
Gas Composition

n hidrocarburos 
gaseosos 

generados en la HP 
de los carbones de 

la Formación 
Guaduas
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OIL GENERATION POTENTIAL

Ro 0.7%=0.036 
bbl/ton

Ro 1.4% = 1.2 bbl/ton



EXAMPLES OF COALBED METHANE EVALUATIONS

Almond Formation Coal

Oligocene Coal of Colombia



ALMOND FORMATION COAL IN THE WASHAKIE BASIN
WYOMING













HYDROUS PYROLYSIS OF THE 
ALMOND FORMATION COALS

















Ro (%) scft/Ton C bll oil/Ton C

0.92 30.5 0.03

1.01 45.7 0.05

1.1 65 0.08

1.3 95.4 0.09

1.4 135 0.12

1.47 217 0.15

1.55 231 0.17

1.62 277 0.17

1.7 404 0.14

Volume of Gas and Oil generated by Hydrous Pyrolysis
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COAL RANK DISTRIBU-
TION OF UPPER
CRETACEOUS COALS
THE GGRB WYOMING

After GRI (1993)



Ro (%) area m2 Thick. d coal mass Tons
1.90 8.17E+08 35 1.5 4.29E+10

1.50 1.59E+09 35 1.5 8.09E+10

1.10 5.92E+09 35 1.4 2.90E+11

0.76 1.05E+10 35 1.4 5.17E+11

0.65 6.56E+09 35 1.4 3.17E+11

0.50 4.99E+09 35 1.4 2.36E+11

0.45 3.91E+09 35 1.3 1.78E+11

UPPER CRETACEOUS COAL RESOURCES



Ro (%) scft/ton scft

1.90

1.50 231 1.87E+13

1.10 65 1.89E+13

0.76 30 1.55E+13

0.65 20 6.33E+12

0.50

0.45

TOTAL 59.4 TCF

UPPER CRETACEOUS COALBED METHANE 
RESOURCESIN THE GGRB 





0
100
200
300
400
500
600
700
800
900

1 2 3 4 5 6 7

CF
T/

To
n 

co
al

Vitrinite Reflectance Ro %

HYDROPYROLYIS CAUCA COAL

Ro

cft/Ton

Ro cft/Ton

0.67 0.25

0.82 14.32

0.93 72.45

1.1 207.76

1.31 337.23

1.52 510.26

1.67 833.24

Gas Generation Potential



GAS RESOURCES CAUCA 
BASIN (TCF)

Prospect Área Coal resources Gas in Place

km2 Ton x 10 6 TCF

A 137.3 2347.5 1.34

B 42.8 732.2 0.13

C 12.4 211.4 0.18

D 5.9 101.1 0.01

E 69.3 1506.4 0.22

F 10.2 221 0.02

TOTAL 277.9 1.89



CONCLUSIONS

• Hydrous Pyrolysis technique allows to 
make a complete coalbed methane 
evaluation including characterization of 
gas, oil, water, and coal phases.

• CBM resources evaluation can be done in 
areas with few or none coal cores from 
wells.

• Gas generation kinetic can be calculated 
from HP experiments. 




