






Final Report to Stripper Well Consortium  21 
Best Practices Guide for Optimizing Multizone CBM Completions 

December 4, 2008 Gas Sensing Technology Corp., dba WellDog 
 

The gas contents measured are plotted by well pad next. 

 
Figure 12 – Plot of gas content by well pad 

The critical desorption pressure and required drawdown (the sum of these is the total 
reservoir pressure) are likewise plotted by well pad next. 

 
Figure 13 – Plot of critical desorption pressure and required drawdown by well pad 
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3.2 RESERVOIR VOLUMETRICS 

3.2.1 Gas in Place 
Gas-in-place for each zone is as follows: 
 

 
Table 4 - Parameters for gas-in-place estimates 

 

3.2.2 Water in Place 
The matrix and fracture porosity values used in the calculations as well as the total water-

in-place values are summarized in the following table. 

 
Table 5 - Water-in-place estimates 

 
It should be noted that the volumes reported are static water-in-place values.  No recharge 

or permeability parameters were incorporated into the calculation.  Additionally, no adsorbed gas 
volumes were accounted for in these calculations. 
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3.3 PRODUCTION HISTORIES 

3.3.1 Study Wells 
 

 
 

Table 6 – Summary of key production parameters 
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Figure 14 – Production history curve, Well 33-20-5277C.   

 

 
Figure 15 – Production history curves, Well 33-20-5277D.   
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Figure 16 – Production history curves, Well 22-20-5277C.   

 

 
Figure 17 – Production history curves, Well 22-20-5277D.   
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Figure 18 – Production history curves, Well 31-20-5277C.   

 

 
Figure 19 – Production history curves, Well 31-20-5277D.   
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Figure 20 – Production history curves, Well 42-20-5277C.   

 

 
Figure 21 – Production history curves, Well 42-20-5277D.   
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3.3.2 Offset Wells 
Over 280 coal bed methane wells, targeting numerous seams, have been drilled, spud or 

permitted within T52N, R77W.  Of these 280 wells, only 33 have produced reported volumes of 
gas.  The vast majority of production has come from the Anderson Coal seam in Pennaco 
Energy’s wells in Sections and 2 and 3, located approximately 3.3 miles northeast of the study 
area. In this area, the Anderson Coal seam is roughly 125’ structurally higher than the Anderson 
Seam in the study area.  Consequently, the hydrostatic gradient is toward the study area resulting 
in decreased CDP values and increased differential pressure between the CDP and formation 
pressure. Ultimately this necessitates greater volumes of produced water and longer dewatering 
periods for wells south and west of Pennaco’s area.   

Currently, an estimated 85% of the wells within the Township are not producing water or 
gas. The following table summarizes production within the township on a by-coal basis: 

 
(WOGCC data) 

Table 7 – Summary of offset well production results 
 

3.4 PRODUCTION MODELING 

3.4.1 Preliminary Modeling Results for Black Diamond C and D Coal Intervals 
Two simulations were conducted to compare the dewatering times and the produced 

water volumes needed to achieve saturated conditions for the C and D coal intervals in the Black 
Diamond pilot area.  The studies used a one-mile square section of reservoir with a confined (no-
flow) boundary.  Such a boundary occurs when the reservoir is fully developed with multiple 
patterns of confining wells.  The results obtained using this type of boundary would tend to 
predict the minimum dewatering times necessary to achieve critical desorption pressure (CDP) at 
which point the coal is saturated and will produce methane. 

The 12x12-gridded pattern area used in the study is shown in Figure 22 along with the 
well locations for the offset 80-acre spacings, which are commonly employed in the Powder 
River Basin.  Also shown are the equivalent locations that would be occupied by Black 
Diamond’s 12 pilot wells in the pattern area (well pads 22, 31, 33 and 42).   
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Figure 22 - Areal view of grid pattern used to model dewatering in Black Diamond’s pilot area. 

 

The data shown in Table 8 summarizes input data for the models.  The descriptions for 
the C and D coals are similar except for differences in coal thicknesses, CDP and initial 
pressures.  The pressure for the C coal accounted for the over pressuring from the active aquifer 
recharge.  For simplicity and because of the limited data in the area, the coal seams were 
assumed to be of constant thickness and horizontal.  Black Diamond estimated an initial pump 
rate of 600 bwpd for each of the eight pattern wells as reasonable for the area. 

 
These 2-dimensional, areal simulations did not rigorously account for the active aquifer 

recharge currently evident in the study area.  However, the presence of an aquifer was somewhat 
addressed by increasing the porosity of the coal to 10%.  WellDog has employed this technique 
with reasonable success in other regions, but it probably does not fully compensate for the 
potentially strong recharge evident here. 
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Property Coal C Coal D 
Model grid spacing, ft 440 440 

Coal thickness, ft 34.25 32.33 

Porosity, frac. coal volume 0.10 0.10 

Permeability, md 200 200 

Compressibility, 1/psi 1.E-4 1.E-4 

Initial pressure, psia 652 456 

CDP, psia 272 259 

Initial pump rate, bwpd 600 600 

Min. pump pressure, psia 25 25 

Table 8 – Parameters used in reservoir simulations 
 
Two-dimensional, areal models were initialized using data shown in Table 8.  The coal 

was modeled as under-saturated so that only water production occurred and no gas-phase 
methane existed in the coalbed.  The eight wells in the pattern area (Figure 22) were placed on 
production at simulation time 0 at a rate of 600 bwpd, limited by a minimum producing pressure 
of 25psia.  As the simulations proceeded, the average reservoir pressure was monitored until the 
CDP was reached.  Water production rates and all reservoir properties were recorded by the 
model. 

 
Modeling Results 

The results of the simulations of the C and D intervals are summarized in Table 9 and 
Figures 23 and 24.  The results indicate that the D coal interval will dewater in half the time with 
half the produced volume of water. 

 
Simulation Results Coal C Coal D 

Dewatering Time, days 134 69 

Water produced, Mbblw 643 329 

CDP, psia  (not calculated) 272 259 
Table 9 – Dewatering time and cumulative watering production 

 for coal intervals C and D predicted by modeling. 
 

The fact that the cumulative production curves (Figure 23) for both coal intervals are 
coincident except for endpoints is not surprising, considering that both seams used identical rock 
properties and were produced at identical rates.  The decreasing reservoir pressure did not limit 
the production rate until after CDP was reached for both coal intervals.  The cumulative 
dewatering of 643 and 329Mbblw for the C and D coal intervals, respectively, predominantly 
reflects the differences in initial reservoir pressure.   
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Figure 23 - Predicted cumulative dewatering curves for the C and D coal intervals. 

 

The reservoir pressure responses for the C and D intervals (Figure 24) reflect the 
differences in initial pressure, but appear to follow nearly parallel paths down to the point of 
CDP.  Again, these responses are expected given the identical rock properties, similar coal seam 
thicknesses, and identical production rates. 

 
Figure 24 - Predicted cumulative dewatering curves for the C and D coal intervals. 

 

The modeling results confirm Black Diamond’s expectations that the shallower D coal 
interval will reach production earliest in the dewatering process of the coalbed.  For a confined 
pattern development, the predictions indicate that production will occur in half the time with half 
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the volume of produced water.  The accuracy of these simulations will improve when actual 
production data becomes available.   
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4 DISCUSSION 

4.1 INTERPRETATION OF GAS PRODUCTION POTENTIAL 

Trends in the reservoir analysis data can be examined to assist in making lucid 
completion and production decisions. In general, geologists assume that deeper coal seams 
contain more gas – due to their greater rank/maturity, the higher hydrologic pressures typically 
available in deep coal seams so that more gas is capped, and general industry experience.   

 
However, in this study the coal seam reservoirs exhibited properties that ran directly 

against this conventional wisdom.  Remarkably, gas content was inversely proportional to seam 
depth (with one exception, the 33-20D2 reservoir). The deeper Wall coal did not show 
substantially higher gas content or critical desorption pressure, on average, than the more 
shallow Anderson coal, as might be expected from normal coalbed reservoir assumptions.  In 
fact, the Wall coal showed lower gas content on average – 57 scf/ton – than either the Cook (66 
scf/ton average) or the Anderson (64 scf/ton average) coals. 

 
When this trend is combined with the lower porosity/permeability of the Wall coal, and 

the higher hydrostatic pressure measured for the deeper Wall coal, the result is that the Wall coal 
might not be the highest priority completion target in this area.  (In fact, the study results 
convinced the operator not to complete further wells in the B (Wall) seam in this area.)  
Unfortunately, the thickness of the Wall seam in this area is such that the amount of stranded 
gas-in-place is substantial – more than any other single seam/stringer tested. 

 
Alternately, the D (Anderson) seam showed both a higher average CDP than the B (Wall) 

seam and a lower hydrostatic head than either the B (Wall) or C (Cook) seams.  As a result, the 
gas in the D (Anderson) seam was judged the most producible of those evaluated. 

 
Another conventional wisdom involves the belief that thick, continuous coal seams show 

homogenous, continuous levels of methane gas.  This wisdom likewise is belied by the results of 
this study.   For example, the gas content measured in each seam varied substantially across this 
very small field:  from 50 scf/ton to 68 scf/ton for the B (Wall) coal, and even more – from 50 
scf/ton to 72 scf/ton – for the D (Anderson) coal.   

 
Surprisingly, CDP and gas content varied substantially even between stringers of the 

same seam.   For example, in the 33-20 well, the gas content of the D seam was 64 scf/ton while 
the gas content of the D2 stringer was just 50 scf/ton. 

 

4.2 KEY PARAMETERS FOR ECONOMIC AND PRODUCTION EVALUATION 

Another way to assess producibility is to calculate the likely water/gas production ratio 
using gas-in-place and water-in-place models for each seam.  Table 10 lists such calculations for 
the seams tested in the study.  Totals for each package of seams is at the bottom. 
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Table 10 – Distribution of water and gas volumes and costs throughout the coal seam reservoirs tested 

 
This table highlights the poor producibility of the B (Wall) seam.  Multizone wells 

completed into all zones, as is typical, would show substantial water contributions from the B 
(Wall) zone.  Those contributions would increase the time to gas, increase the water/gas 
production ratio, and increase water disposal costs for such multizone wells.  In fact, the bulk of 
the total water disposal costs, listed at the right of the table, projected for all the seams originate 
from the B (Wall) zone. 

 
While production data gathered from the wells tested are insufficient to correlate with the 

water/gas production predictions, a correlating trend has been observed in offset well production.  
For example, production by offset wells completed in the D (Anderson) zone by 
Pennaco/Marathon have shown a combined water/gas production ratio of 3.0 while that for wells 
completed in the B (Wall) zone have shown a combined water/gas production ratio of 2,127. 
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5 CONCLUSIONS 

The results of the study show that success in multizone completions is determined not by 
the number of zones completed but instead by the production quality of the zones completed.  
Avoiding zones that contribute more water than gas under normal production scenarios, like the 
Wall zone in this area, can result in substantially higher gas production rates and lower water/gas 
production ratios for multizone completions. 
 Unfortunately, identifying contributing zones vs. non-contributing zones cannot be done 
based on depth, geology or volumetric analyses.  In this study, the deepest and thickest zone, the 
Wall, shows both the lowest gas content and the highest water content.  Conversely, the 
Anderson, the shallowest seam analyzed, showed high gas content and low water content, 
making it an ideal production target. 
 As is always the case in coalbed methane development, coalbed reservoir heterogeneity is 
high not only between seams, but across continuous portions of seams.  For example, variations 
of gas content from 50 to 72 scf/ton were observed across the sample area of less than 200 acres.  
This result demonstrates that more detailed analysis of coalbed methane reservoirs is required in 
order to increase development success. 
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