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Outcrop
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Environments of Coal
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Evolution of CBM
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Evolution of Expelled Fluids
Related to Coal Rank
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Coal Fluids and Depth
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Typical Hard Coal Completions

Cherokee Basin (KS) Arkoma Basin (OK)
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Coal Eed Methane Production
Powder River Basin

CBM Production
Characteristics
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On-Lease and Off-Lease Drainage

and CBM Drainage

Lease Production Well
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Hydraulic Barrier to Control Drainage

Injection Well Production Well
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Depth to Water Level (Feet)

Depth to Water Level (Feet)

Water Resources Impact Analysis
Montana CBM Technical Report

- Water Management
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Natural Gas Production Characteristics:
Conventional Reservoir vs CBM
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CBM Drilling and Completion Technology Options

01
Powder Raton
River Basin :
Basin Vertical wells, Greater Uinta
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O multi-lateral horizontal
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Coal Depths and CBM
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CBM Wells in the Powder River Basin, Wyoming
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CBM Basins and
Maximum
Producing Depth

Well Depth
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Comparison of Producing CBM Basins in the Rocky Mountain Region

Basin San Juan Raton Uinta Powder River
State Location NM, CO NM, CO ur WY, MT
Drilling Method Air Percussion Air Percussion Air Percussion Air-Water
Cased Hole Cased Hole
. Cased Hole . . Open-hole
Completion Methods . Perforate/Multistage Perforate/Multistage )
Perforate/Multistage N, Foam/Sand X-Link/Sand Under-ream
Producing Wells 2,550 694 558 10,358
Primary Water Disposal P P — Surface Discharge,
Methods Injection Deep Injection Deep Injection Beneficial Use
. Progressive Cavity and Electric Pump and
Water Lift Method Rod Pump Rod Pump Rod Pump Progressive Cavity
Average water Production 25 Bbliday 266 Bbl/day 215 Bbl/Day 400 Bbl/day

perwell

Coal Rank Sub-bituminous high-volatile bituminous high-volatile bituminous Sub-bituminous
Well Depth (feet) 550-4000 400-4000 2000-7000 200-2500
Net Coal Thickness 20-80 feet 10-40feet 75 feet
Gas Content 350-450 scf/ton 50-400 scf/ton 250-400 scf/ton 50 scf/ton
Well Spacing 320-160 acres 160 acres 160 acres 80 acres
Average Well Cost $275,000 $330,000 $375,000 $75,000
Average Well Reserves 10 Bcf 1.8 Bcf 1.5 Bcf 0.4 Bcf

Average Well Gas
Production Rate

800 Mscf/day

300 Mscf/day

625 Mscf/day

180 Mscf/day

Sources: PTTC Rockies 2000, GTI 2000, EPA 2002, USGS 2000, CO, NM, WY, MT Oil and Gas Commissions, Williams 2001,
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CBM and Water Management
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CBM and Water I\/Ianagement

POWDER RIVER BASIN
Sl ected groundwater quality data collected from water supply wells located throughout Montana PRB

=
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EXHIBIT 22 - GROUNDWATER QUALITY FOR THE MONTANA PORTION OF THE

JUDITH RIVER HEeLL CREEK /FOX FORT UNION QUATERNARY
: FORMATION HiLLs FORMATION FORMATION ALLUVIUM
o Avg. TDS  Avg. AVg. Avg. AVG. Avg. AVg. Avg.
County 1" mmgs)  sAar | TP3 SAR TDS | gar  TDS SAR |
(mg/L) (mg/L) (mg/L) g q}r
Big Horn 936 54 1440 14 1658 8 2118 5 p?-
Rosebud 2465 31 1376 35 1505 16 1516 9 ik
Powder 1 \odata O 890 35 1882 15 2783 5 g
River data
No
Custer No data 896 37 1810 31 1665 8
data
P E
. Treasure 2312 64 1985 56 1782 32 2437 10
| Weighted | 0, 42 1148 37 1892 18 2014 7 _
Average -
" Note: Avg. TDS = Average Total [_)issolve_d Solids, Avg. SAR = Average Sodium Adsorption Ratio -
il o : r{...'u a-ﬁ“q g
e B A P ey D T



CBM and Water

I\/I anagem en_t 1=
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i CBM produced water from I\/Iontana "_. ;

and livestock standards. Total

oy ‘- Dissolved Solids (TDS) is exceeded

? 4 shows some exceedances of drinking

for humans but is acceptable for
:r livestock in the state of Montana.
=

A Fluorideis exceeded for both

A humans and livestock.

= The Sodium Adsorption Ratio (SAR) «
. Isimportant asalimiting factor for *
" soil condition and sodium isa

L

=% |imiting factor for plant growth.
% Both constituentslimit the use of this 53

particular water for irrigation ‘-‘

although water management can s

mitigate deleterious effects.

NATIONAL MT.WATER
DRINKING QuALITY CX RANCH
WATER STDS. FOR AVERAGE
ANALYTE STANDARDS | LivEsTOCK (MDEQ,
(primary PPM 2000)
unless noted) | (MSU 2001)
TDS mg/L 500 10,000 1,400
(secondary)
SAR 47
Sodium mg/L 558
Ammonia, 20
Total mg/L
Chloride mg/L 250 19
(secondary)
Fluoride mg/L 20 2 25
(secondary)
Sulfate mg/L 250
(secondary)
Aluminum, 0.05t0 0.2 5 0.05
total mg/L (secondary)
Arsenic mg/L 0.05 0.2 0.001
Barium mg/L 20 05
4l Beryllium mg/L 0.004 0.0005
#¥ _ Boron mg/L 5 0.07
gt Cadmium mg/L 0.005 0.05
Chromium mg/L 1
01
Copper mg/L 1.0 05 0.001
(secondary)
L ead mg/L 0.015 0.05 0.002
Iron, 0.3 0.03
Y dissolved mgil
Iron, total mg/L 0.125
Manganese mg/L 0.05 0.01
- Mercury mg/L 0.002 0.1
Selenium mg/L 0.05 05
Strontium mg/L 0.43
Radium mg/L 5 pCi/L 0.2
: Vanadium mg/L 01
iy Zinc mg/L ) 24

" A
r ¥

(secondary)




CBM and Water Management

Production Rate Forecast For Area
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CBM Water Handling
Options and Costs
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Treatment Processes

Reverse Osmosis (RO)
Electrodialysis Reversal (EDR)

lon Exchange

Freeze Thaw Evaporation

Artificial Wetlands

Land-Based Wastewater Treatment

Emerging Technologies

— Capacitive Desalination (CDT or EWP)
— Rapid Spray Distillation




CDT Technology: a New Solution

“Capacitive Deionization Technology™”
— Invented and patented by Lawrence
Livermore National Laboratory
e $40+ Million DOE investment
e 10 years in development

— Currently being developed commercially
under license by CDT Systems, Inc.

Operating Principle - Flow Through Capacitor

— Liquid flows between high surface area
electrode pairs having a potential
difference of 1.3 vdc.

— lons and other charged particles are
attracted to and held on the electrode of
opposite charge for later release into a
rinse stream.

Negative electrode attracts
positively charged ions (cations)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)

= w” m wl e w

A8 Sghe, Bt s,

Poszitive electrade

Positive electrode attracts
negatively charged ions (anions)
Chloride (CI)
Nitrate (NO,)
Silica (SiO,)



CBM Downhole Gas/Water
T - Separator
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M Development:
An Attractive
Component of
{America’s
nergy Mix

U.S. Natural Gas Production, Consumption, and Imports,
1970 - 2020 (trillion cubic feet)
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