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The gas contents measured are plotted by well pad next.
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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.
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Figure 13 — Plot of critical desorption pressure and required drawdown by well pad
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3.2.1 Gas in Place

3.2 RESERVOIR VOLUMETRICS

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

Coal Isopach Avg. GC (ScfiTon) Avg. Thickness (Ft) GIP (MMCF)
Landrey Smith 56 53.65 2026.91
D2 Coal 50 8.662 292.19
D1 Coal 69 11.2042 521.58
D Coal 67.3 21.6942 985.04
C2 Coal 69 7.7907 362.68
C1 Coal 70 11.5102 543.6
C Coal 66 20.9654 933.56
B Coal 56.75 37.3227 1,429
Total 7094.56
D Coals Combined 72.67 41.5602 2,037.64
C Coals Combined 53 40.2663 1,439.83
Total 3,477.47

3.2.2 Water in Place

Table 4 - Parameters for gas-in-place estimates

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.

Avg. Matrix Fracture Total WIP (acre-
Coal Isopach Thickness (Ft) Acre-Feet Porosity (%) Porosity (%) Porosity (%) feet) WIP (BBLS)
Landrey Smith 53.650 15,752.290 1.100 0.100 1.200 189.027  1,466,545.130
D2 Coal 8.662 2,543.300 1.500 0.200 1.700 43.236 335,441.661
D1 Coal 11.204 3,289.820 1.500 0.200 1.700 55.927 433,901.893
D Coal 21.694 6,369.960 1.500 0.200 1.700 108.289 840,148.612
C2 Coal 7.791 2,287.550 2.400 0.100 2.500 57.189 443,691.482
C1 Coal 11.510 3,379.690 2.400 0.100 2.500 84.492 655,522.138
C Coal 20.965 6,155.940 2.400 0.100 2.500 153.899  1,194,001.505
B Coal 37.323 10,958.840 10.000 1.000 11.000 1,205.472  9,352,500.904
Total 1,897.532 14,721,753.326
D Coals Combined 41.560 12,203.080 1.500 0.200 1.700 207.452 1,609,492.166
C Coals Combined 40.266 11,823.170 2.400 2.400 4.800 567.512 4,402,969.317

Table 5 - Water-in-place estimates

Total 774.965 6,012,461.483

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
Landrey CBM Well Perforating Detail
Coal Perf Top Perf Bottom Pert Hole Phase

Well Name Well API Seam (MD) (MD) Footage Shots/Ft. Charge Size (Degrees)
31-20-5277C [49-019-26357 C 1490 1500 10 6 23g 0.49 60 3 1/8" Tag
Cook Add Pay 1483 1487 4 6 23g 0.49 60 31/8" Tag
C1 1403 1413 10 6 23g 0.49 60 31/8" Tag
C2 1255 1262 7 8 23g 0.49 90 & 120 | 3 1/8" Tag
Add Pay 1225 1228 3 6 23g 0.49 60 31/8" Tag
22-20-5277C |49-019-26349 C 1533 1544 11 8 239 0.49 90 & 120 | 3 1/8" Tag
Cook Add Pay 1526 1529 3 6 23g 0.49 60 3 1/8" Tag
C1 1449 1459 10 6 23g 0.49 60 3 1/8" Tag
C2 1334 1340 6 6 23g 0.49 60 3 1/8" Tag
Add Pay 1294 1297 3 6 23g 0.49 60 3 1/8" Tag
33-20-5277C | 49-019-26358 C 1412 1422 10 6 23g 0.49 60 3 1/8" Tag
Cook Add Pay 1405 1408 3 8 23g 0.49 90 & 120 | 3 1/8" Tag
C1 1320 1330 10 6 23g 0.49 60 31/8" Tag
C2 1170 1178 8 6 239 0.49 60 31/8" Tag
Add Pay 1138 1142 4 6 23g 0.49 60 31/8" Tag
42-20-5277C |49-019-26359 C 1421 1431 10 6 23g 0.49 60 31/8" Tag
Cook Add Pay 1413 1417 4 6 23g 0.49 60 3 1/8" Tag
C1 1332 1342 10 8 23g 0.49 90 & 120 | 3 1/8" Tag
C2 1202 1209 7 6 23g 0.49 60 31/8" Tag
Add Pay 1180 1184 4 6 23g 0.49 60 31/8" Tag
33-20-5277D [49-019-26352 D2 905 910 5 6 23g 0.49 60 31/8" Tag
Anderson D1 985 994 9 4 23g 0.49 90 31/8" Tag

D 1033 1052 OH 12" Under Ream
42-20-5277D |49-019-26351 D2 891 899 8 4 239 0.49 90 31/8" Tag
Anderson D1 1001 1011 10 6 23g 0.49 60 3 1/8" Tag
D 1044 1057 OH 12" Under Ream
Note: CIBP Set @ 800°

31-20-5277D [49-019-26353| Smith Seams 750 754 4 6 23g 0.49 60 31/8" Tag
Smith Smith Seams 734 740 6 6 23g 0.49 60 3 1/8" Tag
Smith Seams 705 724 19 6 23g 0.49 60 31/8" Tag

December 4, 2008
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Figure 14 — Production history curve, Well 33-20-5277C.
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Figure 15 — Production history curves, Well 33-20-5277D.
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Figure 16 — Production history curves, Well 22-20-5277C.
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Figure 17 — Production history curves, Well 22-20-5277D.
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Figure 18 — Production history curves, Well 31-20-5277C.
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Figure 19 — Production history curves, Well 31-20-5277D.
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Figure 20 — Production history curves, Well 42-20-5277C.
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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:

Water Gas
Total # of Production  Production
Company wells/coal Coal (BBLS) (MCF)
Pennaco Energy Incorporated 33 Anderson 3,992,914 1,328,187
2 Pawnee 306,559
28 Wall 1,935,762 910
Yates Petroleum Corporation 1 Anderson 100
Petro-Canada Resources USA, Inc N/A No Reported Production from 126 wells
Lance Oil and Gas Company, Inc N/A No Reported Production from 12 wells

(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.
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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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W ater/gas Gas value W ater handling
Coalseam GIP (MMCF) WIP (BBLS) (BBLS/MCF) ($3/MCF) cost($0.30/BBL)
Smith 2027 1,466,645  0.72 $ 6080730 % 439,964
D2 292 335,442 1.15 $ 876,570 $ 100,632

D1 522 433,902 0.83 $ 1564,740 $ 130,171

D 985 840,149 0.85 $ 2955120 $ 252,045

c2 363 443,691 1.22 $ 10838,040 $ 133,107

C1 544 655,522 1.21 $ 1630,800 $ 196,657

c 934 1,194,002 1.28 $ 2800680 $ 358,200

B 1429 9,352,501 6.54 $ 4287,000 $ 2.805,750
Total, allseams 7095 14,721,753 2.08 $ 21283680 9 4,416,626
D Total 2,038 1,609,492 0.79 $ 6,112,920 $ 482,848
C Total 1,440 4,402,969 3.06 $ 4319,4990 $ 1,320,891
B Total 1429 9,352,501 6.54 $ 4287,000 $ 2,805,750

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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S 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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