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PRESENTATION

s Multilayer deposits and challenges they. present

s Quick overview of spatial' analysis and Kriging methods
s Case study: Amyndaio mine

s 3Dispatial estimation using LK.

s Conclusions and suggestions for further study:
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LIGNITE ENERGY CONTENT

July 2014

s 30% of electricity generation in EU

is coal-based.

Greece has 2.2 Billion tons, of
lignite
Lignite is used' as fuel in power.

stations so It's energy.
characteristics are important

llower Galoric Valte (1ECV)E How
much' energy: per kg of lignite
(kCal/kg)

[Nignite  Enengy Content (LEC) = How
much energy. in the reserves (GCal
or MWh)



MULTILAYER DEPOSITS AND
INTERMEDIATE LAYERS
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MOTIVATION

s Mine planning becomes easier and more efficient if an estimation of
where lignite; layers are located exists, as the reserves held in each
bench can be estimated independently

s In multilayer deposits, an ore layer could be so deep compared to
above layers, that its exploitation would not be profitable

s Changesiin the market price ofi the mineral extracted,
environmental regulations or slope stability: challenges could
potentially’ render former unprofitable parts ofi the mine as
profitable or making the exploitation of deeper: layers unprofitable
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OVERVIEW OF SPATIAL ANALYSIS
- KRIGING

s Spatial analysisiisia group ot methods that attempt to determine
the spatial distrbution: of: one or more randem Variables
(properties) based on a set of data

s Usually spatial’ analysis gives a grid map Where the value off each
point off the grid'is estimated from nearby data

s Kriging IS a category ofi lineéar methods using weighted parameters
/- to estimate the value ofia random Variable X(S;) at a peint s;
from thevalues of the variable X(s) at n' nearby points

s Kriging weights /, are calculated by minimizing the prediction error
off e = X(s) — X(s) using the covariance function C, (S) or the
semivariogram Vs (S).
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CASE STUDY: AMYNDEO MINE

s Area 17 km? with extensive fault system

BLIDE FEELD 41

= [[he mineis/in operation since 1989 and! has .

FIELD -
g M INDECH PP

produced! 145 Mt of lignite till the end of Gy, (s
2013 |

HORTH

s Average lignite production: 6 Mt/Y

s Estimated mean LL.CV: 1,3 GCal/tn
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SATELLITE
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DRILL-HOLE CORE DATA

m 6875 Drill-hole core data firom 615 drill=holes

s Data: Coordinates (X, Y, Depth), ash content, water content and In
some; cases CO; content and L.C.V.

s [.CVis estimated using| linear regression for the'core data that
MISS It

s [he 6875 drill-hole core data are evaluated and they are signified
as lignite or waste
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LIGNITE RESERVES

Lignite reserves
are estimated at
240 M

(geological lignite)

Cells are 30m x 30m
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KRIGING LEC DENSITY MAP

Energy content
reserves are 299
PCal

Cells are 30m x 30m
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3D SPATIAL ESTIMATION OF
LIGNITE LAYERS

s Using the evaluated drilllcore data, a new. data Set is made for each
drill hole. At each 30/ cm of' depth'in the drill-hole the data take the
value 0'for waste material and 1 for lignite material

= [he resulting dataset Is nen-Gaussian
s 3D Indicator Kriging Is applied on this data set

s Indicator Kriging estimates the value of an indicator in [0,1] for
each celllin'a 30m x 30m x 1.5m grid

July 2014



3D SPATIAL ESTIMATION OF
LIGNITE LAYERS

m Based on a threshold for the IK indicator, each cell takes the value
1 (Lignite) or 0/ (Waste)

s [he value of the threshold in the suggested method, IS set in each
column of the grid (30x30 m) so that the total lignite thickness in
the column to egual the lignite thickness given by a 2D Kriging in

the same coordinates
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VALIDATION

s Using leave one out cross-validation the misclassified points are
33.1% of the total

= [his sy an improvement over using IK without a 2D estimation
(38.5% misclassified points)

= \When used In the total mire area, beth IK using the 2D’ estimation
and IK using a uniform threshold, estimate the reserves at 244 M1
of lignite

s When used in an exploited mine area, that had about 145Mi: of
lignite, the IK using a uniform threshoeld estimation of the reserves
deviates by -7.5MT while IK using the 2D’ estimation deviates by.
+7.5 M
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CONCLUSIONS

s Using 3D analysis to identify. the location of individual lignite layers
can be used to estimate the energy content or the lignite mass in
subsector or benches

s 3D spatial’ estimation: of’ the lignite contained in: individuall mine
benches in combination with other indexes for profitability” can
locate benches that become unprofitable as prices change
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SUGGESTIONS FOR FURTHER
STUDY

s Further study would incorporate a different method off 3D spatial
estimation’ based on 10cal INteraction Medels

s local interaction models are based on positive change and negative
change terms in the energy functional

s locallinteraction models: are expected to address the non-gaussian
3D’ datal set better and reduce the computationall complexity
reqguired for estimation and simulation
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