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ABSTRACT 

As part of an ongoing effort to develop and assess the feasibility of underground coal gasifica
tion in New Mexico, a field study was perfonned to detennine the natural flow characteristics of an 
undisturbed coal seam. Dewatering, air injection, and tracer experiments were conducted on a two
hole test pattern, spaced 30 ft apart, in a 15-ft-thick seam located about 500 ft below the surface. 
This was the first field experiment in coal to utilize a newly developed downhole measuring system 
designed and operated by Sandia National Laboratories. From the tracer flow logs and air acceptance 
tests we found that the fonnation allows gas flow (100 SCFM at 250 psi) with low water production 
(SO gpd). While some vertical variation in air flow and tracer residence time through the coal seam 
was found, all of the coal sustained flow through a relatively low volume of active voids. Only 10 
percent of the injected air was recovered and the recovery rate paralleled trends in the injection 
rate. 

Field tests at a potential Underground 
Coal Gasification site in the San Juan Basin 
of New Mexico are part of an ongoing effort 
at The University of New Mexico to develop 
UCG Technology. Since the site is only 5 
miles east of the existing San Juan Power 
Plant, the site lies within an area that is 
being considered for corrmercial development 
of UCG. Therefore, the field test results 
have irrmediate application in planning the 
development of coal use in the area. 

Previous tests have documented the geol
ogy and hydrology of the coal seam at the 
test site (1 ,2) . In this paper we report the 
results of air acceptance and tracer studies 
which define the gas flow characteristics 
through the undisturbed formation. 

Field Site 

As a result of previous testing, the 
site consists of two holes, each cased to 
the top of the coal with open hole comple
tion through the coal and into the under
burden . The two holes are 30 ft apart and 
intersect about 15 ft of coal at 500 ft 
depth. The smaller hole (GT-1) is nominally 
4 in. diameter and intersects about 4 ft 
ll"Ore coal than the larger hole (GT-2) which 
is nominally 6 in. diameter . The penneabil
ity of the underburden and the overburden 
was measured to be at least three orders of 
magnitude less than the typical 3 to 5 md 
found in the coal. The coal is saturated 
with saline water and lies 330 ft below the 
water table. 

One week before this month long test 
program began, both holes were reamed and 

flushed to remove any debris that may have 
accumulated due to sloughing or prior test
ing. 

Field Equipment 

The essential equipment for the air 
acceptance tests consisted of a truck mounted 
compressor (400 SCFM at 250 psi) and orifice 
meters to measure the flow of air into and 
out of the two holes. A downhole pump was 
placed below the coal in GT-2 for dewatering. 
The water production was measured by collec
tion in a calibrated barrel. A schematic 
diagram of the surface equipment is shown in 
Fig. 1. The injection pressure was controlled 
at the compressor by manually adjust i ng the 
air bled to the atmosphere . In that way, the 
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Figure 1. Exper imental equipment. 
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on/off automatic control could be avoided and 
injection flow rates could be monitored. The 
air was injected into the casing of GT-1 at a 
nominal pressure of 250 psig which is sub
stantially less than that required to frac
ture the fonnation. A 1-in. pipe was run 
down the casing of GT-1 to below the coal so 
that the hole could be periodically dewatered. 
After the initial dewatering and air injec
tion had begun, little water was produced 
from GT-1. Throughout the test, air and 
water were produced at GT-2 . The air flow 
was continuously monitored with the orifice 
meters. The water production was measured 
by periodically pumping water out of the hole 
through a 1-in. pipe run inside the 6-in. 
casing. The tracer and flow log equipment 
are described elsewhere (3). 

Field Tests 

The field tests were planned in two 
stages . First, air acceptance and .P':'Odu~
tion were to be established. Air inJection 
would be continued so that air and water 
flow in the near vicinity of the two holes 
would reach a quasi-steady state . Second, 
tracer and flow logging would be carried out 
in the fully developed flow which had been 
established between the holes. 

Air Acceptance. _The acc~ptance of air 
into GT-1 and production of air from GT-2 
are shown in Fig. 2. The production rate 
was always about 10 percent of the in~ec~i~n 
rate. The injection rate decreased signi fi 
cantly over the first 12 days. This ~ecrease 
is believed to have been caused by build up 
of an oil film on the coal surfaces in the 
injection hole. In fact, a thick mud-like 
paste coated tools put down GT-1 during 
attempts to flow log the hole. The oil ap
parently came from the air compressor. 

Since the injection and production rates 
were declining below the values we wanted for 
flow and tracer logging, we attempted to en
hance the flow by flushing the hole with air 
and water. Those efforts recovered some of 
the flow. Dramatic, albeit temporary, i n
creases in flow were obtained by quick re
lease of pressure through GT-1 after the 
seam had been fully pressurized. Evidently, 
the quick release allowed gas, compressed i n 
the coal, to flow back i nto GT-1 carrying 
some of the oily slime with it. 

Water product ion is shown in Fig. 3 as 
total gallons produced in a day . The water 
production was low and fell slowly through
out the test period. The feature showing 
decreased production over the period near 
the 16 and 17 of July i s due to tests where 
GT-2 w"as i ntentionally pressurized to 170 
psig overnight. Back pressure of ai r or 
water was frequently shown to decrease water 
production . 
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Figure 3. Water production GT-2 (1979). 

Additional characterization of flow i n 
the fonnation was obtained by monitor ing the 
response at GT-1 and GT-2 to clos i ng off the 
air injection. From Fig. 4, we can see that 
the pressure at GT-1 fell to the hydrological 
value (170 psig) with a response time of l ess 
than 5 minutes . However, the air product i on 
did not decrease during this initial 5 min
utes. After 5 minutes, the production flow 
rate decreased only slowly . Air production 
was noted 6 hours after the injection was 
closed off. 

Tracer/Flow Log. In order to establish 
how the air flows through the coal seam into 
the production hole, flow and tracer logs of 
the production were made (3). Using standard 
reduction techniques for tracer data, gas 
flow and the active void volume for that flow 
were resolved into 2.5 ft intervals of the 
seam thickness. The results are presented in 
Fig. 5. The figure shows that flow does vary 
with depth and seems to be associated with 
the amount of active void volume available 
for flow. 

The total gas flow is shown as a func
tion of depth in Fig . 6. There are no large 
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Figure 4. Decompression Test, July 12. 
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Figure 2. Calculated gas flow rates . 
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Figure 5. Flow and active voids, well GT-2. 
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Figure 6. Cumulative flow log, well GT-2 . 




