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UCG Essentials |

(A) Underground Coal Gasification (UCG)
converts coal into a gaseous form (syngas)
through the same chemical reactions

that occur in surface gasifiers.

(B) The economics of UCG look promising
capital expenses should be considerably
less than surface gasification

Four UCG essential areas to consider?

O Site location - biggest issue to ensure success

0 Principles- chemistry, coal characteristics

0 Technologies - connecting wells, drilling, process control
o Demonstrations i Australia, USA, Spain, Angren
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Injection-Production Configuration

BLAST INLET The oxidant & gasifying agent are
0 fed through the injection borehole
=2k o0 ¢ & the combustion & gasification

a _ products are recovered from the
% // F production bore hole. Injecting
7 | oxygen & steam instead of air
produces the most useful product
gas, since the dilution effect of
nitrogen is avoided. The main
constituents of the product gas
are H2, CO2, CO, CH4 & steam.
_ o The proportion of these gases
— Alr pressurisation varies with the type of coal &
— Man-built galleries the efficiency of the gasification

— Directional drilling process.

Enhanced permeability:
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Factors Affecting UCG Designs

4 Coal seam geology 5 Product gas
a Thickness, depth and dip a Required volume
a Permeability to gas, liquid a Composition, calorific value
2 Coal properties a Flow rate
a Rank (ash, volatile, carbon content) ® Process efficiency
a Chemical composition (hydrogen, sulphur) a Thermal
3 Strata/overburden properties a Chemical
a Geology a Resource recovery
2 Hydrology 7 Interaction with the environment

a2 Geomechanics
a Drilling properties
4 Operating conditions
a Injection composition and flow rate

a Operating pressure
a Well layout

a2 Thermal
a2 Chemical
a Resource recovery
a Subsidence effects

Anna Korre, Sevket Durucan, London, September 2008
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US Site Selection Criteria

Williams, 1982

— Seam thickness greater than one metre or 0.6 m for steeply dipping seams
— Auvoid variable thickness seams

— Avoid seams with variable partings

— Avoid seams with overlying coal within 15m that is thicker than 0.6 m
—  Minimum of 3.5 Mt in resource

—  Minimum overburden of 100m

—  Minimum of 1.6 km from populated areas (>100 people)

— Minimum distance of 0.8 km from major faults

— Minimum distance to oil and gas recovery development of 1.6 km

- Minimum distance of 0.4 km from major highways and rail

— Minimum distance of 1.6 km from rivers and lakes

— Minimum distance of 3.2 km from active mines

— Minimum distance of 1.6 km from abandoned mines

Other notes

— Steeply dipping (>30°) seams favoured due to lack of mining interest
— Floor and roof conditions need be examined

Anna Korre, Sevket Durucan, London, September 2008 5
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Australia Site Selection Criteria

Commonwealth Scientific & Industrial Research Organization, CSIRO

— Seam thickness greater than five metres
— Coal ash less than 40% (air dried basis)
— Seem dip less than 20°

— Seam depth 200-400 metres

— Minimal faulting and no dips/sills

— Roof thermally stable with minimal permeability, preferably structured to
encourage even caving

— Hydraulic head > 200m

— Adjacent aquifers can contain poor quality water and are of minimal permeability
Other notes

— Limited human activities in the vicinity

— No waterways overlying the site

— Subsidence must be acceptable at location

— Coal resource size suitable for long term operation

Anna Korre, Sevket Durucan, London, September 2008 6
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UK Site Selection Criteria

National Coal Board 1976

— 5 Mt of coal in resource to provide 20 years of operation

— Not marked for conventional mining

— Not adjacent to working mines

— Removal will not cause unacceptable subsidence

— Seam thickness at least one metre or banded seam totals over one metre

— Ash content less than 60% including any dirt bands as combustion may be
impeded

— Area free of excessive faulting

Other notes

— Leakage may be excessive if adjacent to old mine workings or in a faulted area
— Impact of faulting and roof material on operation largely unknown

— Progress and control of multi-seam operations

Anna Korre, Sevket Durucan, London, September 2008 7



ENERGY CENTER

PURDUE UNIVERSITY

Discgvery Park

Ranking of Coal Prospects
for UCG Trial Site Search in UK

Coal Attribute Optimal

Seam Thickness 30 ft +

Rank Lignite to Bituminous,
non-swelling

Ash < 40%

Faulting Rare

Depth 600 to 1,500 ft

Dip 0 to 20 degrees

Intrusions Minimal

Immediate Roof

Strong, stable

Hydraulic Head

> 600 ft

Water Quality

Poor

Michael Green, UCG Partnership Ltd, London, September 2008

Geological environment —
faults, dip, intrusions, roof,
floor, ground water.

Seam Attributes —
thickness, composition,
caking, swelling, rank

Other Attributes - no of
seams, depth, data density
and proximity to old
workings.
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Worldwide UCG Eperience
Coal Seam Depth & Thickness

n 14
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UCG Site Selection Factor
Depth of Coal Seam

Deeper seams require guided drilling technology [T+
to initiate a well at the surface that is deviated to '
Intercept & follow a coal seam & establish a link
between injection & production wells (incurs
higher drilling costs)
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Deeper seams are less likely to be linked with
potable aquifers, thus avoiding drinkable
water contamination & subsidence problems

If the product gas is directly used in gas turbines,
additional compression may not be necessary
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Contact Between Coal & Gases

Constant gas composition requires a large surface area
available for contact between coal and hot gases

« Excess CO2 will be converted
to CO: CO2 + C = 2CO.

 This reaction increases the
heating value of the gas.

-

Blast injection

« New sections of the seam
need to be added in orderto T —— —
keep a high surface area.

l-—-—— Oxidation zone —s
| +—————Reducing zone -
«—Drying and pyrolysis zone -

« However, it is not desirable to

cool down the gases too much.
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Marcos Millan, London, September 24, 2008
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Site Selection Factors
Porosity & Permeability

More permeable coal seams make it easier to link
the injection & production wells, & increases the rate
of gasification by making reactant transport easier

But higher porosity & permeability increase the
influx of water, & increase product gas losses
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