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REI DRILLING, INC.

Operate 8 long hole directional drills and

2 core drills on a contract basis across
North America

Became affiliated with Valley Longwall
International in 2008

Jointly operate >25 long hole drills




International CMM Industry

Coal is the most abundant fossil fuel. IEO predicts continued
reliance and consumption of coal increasing by 50% by 2030.
Mining technology continues to evolve resulting in more rapid

excavation and production techniques.

We continue to mine deeper, gassier and more challenging coal
reserves. This has resulted in a need to improve methane drainage
techniques.




METHANE DRAINAGE CONSIDERATIONS

e Source of gas emissions

— Adjacent gas bearing strata, geologic
features or working seam

« Geologic characterization

— Coal thickness, rank, stress, friability, other
mechanical properties

e Reservoir characterization
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OPTIMIZE VENTILATION AND METHANE

COST OF VENTILATION, $/T

DRAINAGE

Ventilation Degasification

I | I | I I |
METHANE CAPTURE (%)

COST OF DEGASIFICATION, $/T



Geologic and Reservoir Characteristics

Gas content of the coal
seam and shale iIs




Geologic and Reservoir Characteristics

Matrix permeability is the characteristic
that affects the ablility of gas (water) to
flow through a material.




Borehole Planning and Design

Reduction in Residual Gas Content as a Function of Drainage Time and Spacing
of Cross-Panel Boreholes
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Why Consider Long Hole Directional Drilling?

« Allows longer length and more
accurate placement of boreholes

for improved methane drainage
efficiency and longer drainage
times

e Allows implementation of




Long Hole Directional Drills




VLD Series 1000 Track Mounted Directional Drill System
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VLD SERIES 1000 MODULAR
DIRECTIONAL DRILL RIG

Modular system follows the same design principles as the track
mounted system but is broken down into three main components -
power pack, feed frame, and operator’s console - to be used in areas
where access is difficult, or there is limited access from the surface.




Water Power

CDP 70 CDP 100




Down Hole Motors
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Directional Drilling Technology

 REI uses down hole motor directional drilling technology to

accurately steer long holes in coal seams. A down hole motor,
operating on the Moyno pump principle, converts hydraulic
(water) energy to mechanical torque (bit) without rotation of the

drill rods.
* Dirillers control direction by orienting a bent housing behind the




Drill Bits

® Polycrystalline Diamond Cutter (PDC) ® Impregnated Diamond




Borehole Surveying Instruments

® Real Time Surveying — DMM MECCA Instrument




Directional Drilling Technology

Drillers maintain boreholes in-seam by monitoring down hole

motor pressure, axial thrust, cuttings, and survey information.

Using this system, drillers can develop tangential boreholes
(side-tracks) to help maintain the borehole in-seam, correct
trajectory, or develop multiple boreholes from one main branch.




NORTH AMERICAN RECORD
e QOctober 6, 2006

e 1623 meters




Drilling Configuration







Gas Handling and Collection

Drilling and Post Drilling

Both Ends of Dilltion Zone Coal Rib Lined with
Caution Signs with Fending Carves or Cerrert Block
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Permissible Drill Rig

Proposed Dilution Zone

Dilution Zone is Rock Dusted
and kept free of Ignition Sources

Permissible Drill
Power Unit




Gas Collection

Well head design:

172 inch Pipeline Itegriy Line

Comnect 0 Manifold

AP Gage
112 inch Pipeline Itegrity Line
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36 inches Schedule 40 (X3)

3

dineh TEE

inch Flex Suction / Discharge Tube

King Nipple

578 inch X 3 14 inch Bolts / Nuts

King Nipple
Linch Hose (x3)

Gas/ Water Separator Tark
16 inch G

Steel
14 inches X 36 inches

Linch

Vainch

Peumatic Valve,

Preumatic Valve,
Spring Open
Spring Closed

4inch
Linch Y Stainer

8inch Bling Flange Clean Out

Pneumatic Valve,
‘Spring Closed

Float Valve with Sending Unit

Water Collection Tank

3716 inch Gage Steel
14 inches X 30 inches
Check Valve Linch

112 inch Pipeline Itegriy Line

inch Spring Return
Preumatic Ful Po
I Val

4 nch Flex Sucton / Discharge Tube

Gauge

4ineh Casing



Gas Collection




Methane Drainage Techniques

Pre-Mining * Gob Degasification
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Ultra Long Boreholes

= To Drain Gas Significantly in Advance of Mining:
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Methane Drainage
e Warrior Basin - Alabama




Methane Drainage

» Mexico — Case Study

@ Pre-Mining - Long, In-Seam Directionally Drilled Boreholes:




Emisson/Airflow/Advance Rate

Effect on Gate Road Development
MIMOSA #1 Mine
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Gob Gas Drainage Technigues

Vertical Gob Wells —

In-Mine Horizontal g
Gob Boreholes

\
-7 Lo e Cross-Measure Boreholes

/ Longwall Panel



Design of Vertical CBM and CMM Wells

Pumping Unit

Blower

T 13-3/8"

Casing

T 2-1/4' Open Hole

13-3/8"
Casing

No. 4 Coal Seam 5-1/2" Production
Casing with Formation
Packer Shoe

No. 3 Coal Seam

| —

Rathole l

Longwall Mining
Equipment




Methane Drainage

» Gob Gas — Vertical Gob Wells
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High Capacity Horizontal Gob Boreholes
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Ukraine - Methane Drainage Approach




Horizontal Gob Borehole Design Considerations

Near edges of the longwall panel where strata will be in tension.

Parallel and along ventilation return (tailgate).

On high elevation side of the gob.

Above rubble zone (> 5 times mining height) to remain intact during
undermining.

» Typical placement is 20 to 30 m above top of coal.

S0M | S0m

eeeeee

00000

CCCCCCCCCCC
eeeeeeeeeeeeeeeeeeeeeeee

\
65-72

wwwwwwwwwwwwwwwwwwwww

Krasnolimanskaya Mine



Case Study
Recommendations for the Liuzhuang Mine




Liuzhuang : Pre-Drainage In-Seam Boreholes
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e Top: Retreat longwall mine
employing 220-280 m x 1500-1700
meter panels

Currently, cross-panel in-seam
boreholes are drilled from the

tailgate 80-110 m long on 6-m
spacing .

Boreholes probably stay in the
lower half of the 4.5-m thick seam
13-1.



Gob Drainage: CURRENT r_mn_-_RETURN
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CROSS-MEASURE BOREHOLES
DRILLED FROM STATIONS ALONG
THE TAILGATE ENTRY
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SUPERJACENT GALLERY DRIVEN
ABOVE THE MINING SEAM

Top: Cross-measure boreholes are
drilled toward the retreating longwall
face.

Drill stations are spaced ~80 m along
tailgate entry, ramped up 10 m into
overlying strata.

Boreholes up to 110 m long and 50-
90 mm diameter are angled up 15-
30° into the overlying rock strata.

Stations are sealed and connected to
vacuum.




Gob Drainage : RECOMMENDED
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IN- MINE GOB BOREHOLES « Current design could be replaced by long, 220-280m
DRILLED FROM STATIONS ALONG 1000-m horizontal gob boreholes directionally
THE TAILGATE ENTRY drilled from the ends of the panel.
e Could accomplish similar results.
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Benefits of Recommended Cross-Seam and Gob Borehole Improvements

« 75% fewer boreholes drilled (counting the tangential boreholes
individually)

» 88% fewer drill setups, borehole collars, standpipes, and wellheads

e Same volume of methane recovered

 Fewer wellheads minimizes potential for air intrusion into gathering
system, thus improving recovered gas quality

Average Recovered Gas
Quality (% CH4)

Current 5-15

Recommended 40-70




Summary

« Acquisition of geologic and reservoir
properties allows mine operator to
optimize methane drainage technique
rather than use “trial and error.”

Evaluate alternatives from drill bit to
burner tip (e.g. drainage techniques,
eqguipment, well heads, pipeline, safet
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