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                               Modified from Flores and Bader, 1999 

 
Figure 4 – Schematic illustration of Upper Cretaceous – Lower Tertiary Stratigraphic Section in the PRB  
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2.3.3 Local Study Area 
A map of the study area is shown in Fig. 5.  Yellow area is Black Diamond Energy’s 

leasehold.  The Powder River runs from bottom right to upper left of the leaseholding.  The 22-
20 well pod is located on a cliff above the river.  The 33-20 well pod is located on the river bank, 
and the 31-20 and 42-20 well pods are located on a slight hill above the river, opposite from the 
22-20. 

 
Figure 5 – Map of study area showing study wells in Section 20, T52N, R77W.   

 

Fig. 6 shows a cross section of the wells tested.  Details of this figure can be viewed in 
plate 1. 

 
Figure 6 – Cross-section with coal horizon correlations (See Plate 1).  Note that given the concerted elevation 

change in the seams across the study area, it is possible that historical uplift may have caused faulting and 
thereby facilitated reservoir communication between the tested seams. 
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2.3.4 Coal Quality 
 

2.3.4.1 Coal Compositional Parameters 

 
Modified from DOE Study, 2002 

Table 1 – Parameters of Coal Composition 

2.3.4.2 Methane Storage Capacity 
Within a given coal zone, the total gas storage capacity may vary widely depending upon 

the ash content and maceral (mineral) composition.  Studies have shown that coal zones with 
relatively higher quantities of inorganic matter and ash contain less gas due to the lower 
absorbing properties of these constituents.  Furthermore, adsorption is also dependent on the 
woody content of the coal (Stricker, et al., 2006). Powder River basin coals tend to be richer in 
woody content in the lower portions of the thick coal zones, e.g., the Big George Coal, and more 
attritus prone in the upper portions of the zone.  Consequently, adsorbed gas contents may be 
vertically differentiated within the same coal bed due to depositional settings partitioning the 
woody matter from attrital matter. In such conditions, adsorbed gas storage would be higher in 
the lower portions of the coal zone. 

Formation pressure also contributes to the overall storage capacity of a given coal zone. 
Adsorption is a function of hydrostatic pressure. Coals that are relatively shallow are subject to 
lower pressures and therefore, with all other reservoir parameters held constant, will have lower 
storage capacities than their deeper counterparts.  However, reservoir studies performed by 
WellDog indicate that this is rarely true – the historical factors governing methane production 
from the coal appear to overwhelm any other geologic factors when determining gas content. 

Studies have also shown that coal rank plays a significant role in the overall storage 
capacity of a given coal bed.  Lignites in the Williston Basin have a storage capacity of 31 
scf/ton while subbituminous coals in the Green River Basin have been shown to have a storage 
capacity of 173 scf/ton (Stricker, et al., 2006).  Thus, burial depth and maturation have a direct 
impact on the overall storage capacity of a given coal. 
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Adapted from Stricker, et al., 2006 

Figure 7 – Average methane adsorption isotherm of subbituminous coals in the Powder River Basin. 
 

2.3.5 Work Plan  

Spectroscopic reservoir analysis was utilized to determine Critical Desorption Pressure 
(CDP), Gas Content (GC), and percent saturation on up to 27 seams in twelve of Black 
Diamond’s wells, nine of which were multiseam completions, each with up to three seams 
identified as potential producing target zones picked from the available gamma ray log. This 
information was used, along with other reservoir parameters, to compare each coal seam’s 
contribution towards overall water and gas production. By comparing each coal seam directly, 
Black Diamond was able to identify and isolate seams with negative contributions (i.e. seams 
with low gas content and high potential for water production), which will result in eventual 
enhanced gas production and reduced water production. 

Several reservoir properties, including coal depth, thickness, pressure gradient, along 
with the measured values for gas content and gas saturation can be used to calculate gas-in-place 
for each seam. The water production and time to gas production were estimated by calculating 
the water-in-place, with coal fracture, matrix porosity and permeability estimated by historical 
matching of off-set well’s production. Using WellDog’s technology, CDP, GC and gas-in-place 
information for the coal seams were available within weeks, which is unprecedented. Equally 
unique is the ability to return post-completion, if isolation of a zone was determined to be 
beneficial, and again measure CDP. (Retesting is impossible once the well is drilled with 
alternative testing practices and technologies.) Each zone was considered and evaluated for its 
potential contribution toward water and gas production. With such a large volume of data 
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available to the producer prior to water production, WellDog and Black Diamond hoped to 
identify key parameters to be used in economic and production evaluation to assist in multizone 
completion decision making efforts. 

Tasks performed: 

Four locations, with three wells per location completed in different seams (Fig. 8) were 
drilled and shut-in during mid-March 2006. Of the twelve CBNG wells drilled, additional seams 
were targeted for investigation in nine wells to be completed as multizones.  Therefore, each of 
the four well pads had a three well pod – one completed in the “B” coal (the Wall), one 
completed in the “C” coal (the Cook) and one completed in the “D” coal (the Anderson).   

 

 
Fig  8 .  D iagram o f  the  th ree  we l l  pod  s t ruc ture  used  in  the  s tudy  

 
The B wells were topset in the Wall coal and were not further completed into other zones.  

The C wells were topset in the Cook and then, later, completed into the Cook stringers 
designated “C1” and “C2”.  The D wells were topset in the Anderson coal and then, later, 
completed into the Anderson stringers designated “D1”, “D2” and “D3”.   

Spectroscopic reservoir analysis was conducted on all four wells completed in seam B, 
three wells completed as multizones in seam C and three wells completed as multizones in seam 
D.  In some cases, the bottom zone, e.g. the D zone, was isolated from higher completions, e.g. 
the D1 perforation, using a retrievable bridge plug.  In this manner, it was possible to test and 
compare quickly e.g. the D zone to the D1 zone. 

This analysis was used to compare each seam’s producibility, to identify each as a 
positive or negative contributor, to decide whether to allow a particular seam to remain in 
communication with the wellbore, or to isolate it from production.  

 
 



Final Report to Stripper Well Consortium  17 
Best Practices Guide for Optimizing Multizone CBM Completions 

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

Phase 1: 

Drill and completion procedure: 
Black Diamond Energy drilled, cased, and shut in twelve wells to be completed 

according to the study design. In order to isolate zones for measurement, minor alterations to the 
standard well completion procedures were necessary. Zones that were to be tested individually 
were perforated, enhanced, and then allowed to produce sufficient water to ensure optimal 
reservoir fluid within the wellbore. After the completion of WellDog’s survey on the lowest coal 
interval, a retrievable bridge plug was set and the next interval was perforated, enhanced, 
produced and measured again by WellDog. This procedure of isolation, production, and testing 
continued on some of the target seams.  In other cases, additional seams were perforated, their 
fluid was allowed to comingle with that of lower seams, and WellDog tested the mixture. 

 
Data Collection and History Match 

WellDog collected all data available from Black Diamond Energy and from the 
Wyoming Oil and Gas Conservation Commission in order to model and calculate key reservoir 
parameters and develop baseline gas, water, and time to production values for each of the target 
seams. 

 
Phase 2: 

Key Metrics 

WellDog delivered each measured CDP and GC and collaborated with Black Diamond 
Energy in the consideration of a seam’s potential as being positive or negative. Economic and 
production modeling was used in an effort to design a program to optimize the performance of a 
multi-zone completion. 

 
Monitor Project Well Performance 

The twelve project wells could not be produced in a sustained manner and so their water, 
gas, and time to production rates were not collected. However, the production of off-set wells was 
recorded during the two year period. 

 
Develop Guide for Multizone Optimization 

The key metrics testing results are in the process of publication.  The heterogeneity of 
producibilities of the seams, as revealed by those key metrics, is an important finding that can 
assist other basin operators in confronting their multizone production challenges. 

As the key metrics can be matched to eventual field performance, further findings will be 
published. 
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3 DATA AND RESULTS 

3.1 RESULTS OF RAMAN RESERVOIR ANALYSIS 

WellDog performed standard Critical Gas Content downhole logs of solution gas during each 
well test.  In these tests, WellDog measures solution gas concentration, as well as reservoir 
temperature, pressure and salinity.  The reservoir properties are used to calculate an appropriate 
solubility constant for methane in water.  The concentration is used, together with that solubility 
constant, to calculate the partial pressure (or CDP) of methane in the reservoir.  That partial 
pressure is then used, together with an adsorption isotherm for the coal of interest, to calculate a 
gas content value. 

In order to insure that the fluid tested represents the reservoir, WellDog validates the 
completion/production methods used in the well and then takes hundreds of measurements in the 
wellbore.  When the measurements show a consistent concentration, and the fluid properties are 
consistent with those known for the reservoir, the analysis is completed.   

An example downhole log of solution gas is shown in Figure 9.  In this log, the reservoir 
fluid shows a consistent and substantial amount of methane concentration, indicating that the 
fluid came from the coalbed reservoir.  Above the bubble point in the wellbore, the concentration 
is reduced due to breakout of the gas from the fluid. 

 

 
Figure 9 – Example Raman log taken in the Landry 22-20-5277B well on September 28, 2007. 
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Prior to testing, the seams were enhanced and the enhancement fluids were recovered, 
according to the following schedule. 

 

Well ID 
Enhancement Volume 
(BBLS of city water) 

Water Production 
After Enhancement 

(BBLS) 
Landrey 31-20-5277C2 720 2190 
Landrey 31-20-5277D 742 5355 
Landrey 22-20-5277C 703 2138 
Landrey 22-20-5277D 710 2699 
Landrey 42-20-5277C 600 2945 
Landrey 42-20-5277D 750 6365 

Landrey 33-20-5277C1 780 4219 
Landrey 33-20-5277D 820 3366 

Table 2 - Enhancement and fluid recovery volumes. 
 
Measurements were completed in each wellbore, and the following reservoir properties 

were calculated. 
 

 
Table 3 - Well details and measured CDP/GC results for isolated seams 

 

The calculated gas contents are plotted next, grouped by coal seam. 
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Figure 10 – Plot of gas content by coal seam 

 
The critical desorption pressure and required drawdown (the sum of these is the total 

reservoir pressure) are likewise plotted by seam next. 
 

 
Figure 11 – Plot of critical desorption pressure and required drawdown by coal seam 
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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 
 



Final Report to Stripper Well Consortium  24 
Best Practices Guide for Optimizing Multizone CBM Completions 

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

 
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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