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DORSTFONTEIN WEST COLLIERY: PILLAR EXTRACTION FEASIBILITY INVESTIGATION
1. Introduction.

Dorstfontein Coal Mines plans to mine the No.4 Lower Reserve using continuous miners on
a bord and pillar mining layout. It is envisaged that the 2 AAA and 2 HM27 continuous
miners with mining height ranges of 1.8 m – 4.5 m and 1.5 m – 3.2 respectively will be used
once production has been ramped up to full scale.

An investigation was conducted into the feasibility of implementing secondary extraction
mining methodology within the S4L reserve area. The investigation found that secondary
extraction is feasible except in areas with the following characteristics:
•

Mining depth to roof less than 30.0 m.

•

Surface features such as graves and water features (rivers, pans and dams)
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Main development pillars will be developed on maximum extraction with advance whereas
panels pillars will be developed on minimum extraction of 43% with advance on the premise
that extraction ratios expected to exceed 85% during pillar extraction.

2. Site Description.

The locality of the mine is shown in Figure 1. Dorstfontein Complex Locality Plan. The area is
situated just to the east of the town Kriel which in turn is 30 kilometres North West of the
town of Bethal, The Kriel - Witbank tarred road passes one kilometre from the north
western boundary of the property but only gravel farm roads cross the reserve. Eskom
Power lines cross the property.

The topography is gently undulating with a total elevation difference of 125m across the
property. The area is drained by a number of small, but near – perennial tributaries of the
Steenkoolspruit and a few dams of significant size have been constructed on the property.
The land is fertile and given over mainly to maize cultivation and grazing. Limited areas are
under irrigation and utilized for highly productive market gardening. The property is
sparsely populated with dwellings limited to two farmhouses and a dozen or so farm worker
huts.

3. General Geology

Pre-Karoo basement rocks outcrop along the far northwest boundary of the property.
Elsewhere the basement is overlain unconformably by diamictites and associated
glaciogenic sediments of Dwyka age. These in turn are conformably overlain by sediments
of the Vryheid Formation which comprise a series of stacked upward-coarsening
depositional sequences of siltstones and sandstones each capped by a coal seam. A
generalised stratigraphic column is given in Figure 2.
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Figure 1: Dorstfontein West Locality Plan

Five major seams are present and are numbered, according to Highveld Coalfield
nomenclature from the base upwards; Nos.1, 2, 3, 4 and 5. The thickness and distribution
of the seams has been controlled by palaeotopography, pre- and syn-depositional events,
and the later destructive effects of dolerite intrusions.

The Dorstfontein area was

unaffected by major fluvial events contemporaneous with peat accumulation, thus
modification of seam thicknesses by ancient erosion is minimal.
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Figure 2: Generalised Stratigraphic Column

During late Jurassic times the Karoo strata were invaded by dolerite dykes and sills resulting
in the devolatilization of coal proximal to intrusions. The tendency of dolerite sills to
migrate to differing stratigraphic levels has caused seam displacement. Within the reserve
area however the No.2 seam does not appear to have been affected by either burning or
dislocation attributable to sills.
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4. Hydrogeology

A general hydrogeological study was conducted by GCS on behalf of Dorstfontein Coal Mine
in June 2015. Below is the summary of the extracts from the report:

The coal reserves located at Dorstfontein forms part of the coal-bearing sandstones and
siltstones of the Vryheid Formation which rest either conformably on diamictites and
associated glaciogenic sediments of probable Dwyka age, or uncomformably on basement
rocks of the Lebowa Granite suite, which in turn is underlain by volcanic rocks of the Loskop
Formation.

Three principal aquifers are identified in the conceptual geohydrological model for the
Mpumalanga coalfields: the weathered aquifer, the fractured Karoo aquifer and the
fractured pre-Karoo aquifer. The aquifers that occur in the area are classified as minor
aquifers (low yielding) but of high importance. Transmissivity values are between 0.01 and
22.5 m2/day with an average value of 3.3 m2/day and a geometric mean of 0.75 m2/day.
These values are typical of the Karoo type aquifers.

The weathered layer has a thickness of approximately 15 m and is comprised of residual
soils and weathered shales and sandstone. Hydraulic conductivity values are in the order of
10-2 m/d. The underlying fractured units consist of shale, sandstone and coal seams in
which groundwater movement is limited to fractures. Fracturing mainly occurs in the top of
this unit decreasing with depth. Hydraulic conductivity will therefore decrease with depth
and will range between 10-2 m/d in the upper layers and 10-4 m/d for the lower layers.

Groundwater levels generally follow topography and are mostly within 5 m below ground
level (average of 5.5 mbgl) with some deeper groundwater levels down to 26 mbgl were
also observed. Groundwater in the surrounding area is used for single or several households
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for domestic use, as a water supply for farm workers and in two cases for small
communities of 50 – 100 people. Groundwater quality is generally of good quality when
compared to drinking water standards and there are no indications that existing mining
activities are impacting on the groundwater quality

5. Geotechnical Considerations.

Pillar extraction offers a benefit in the long term in that coal reserves that have been locked
in the pillar support system of a normal bord and pillar working can be extracted thereby
increasing the extraction ratio. For pillar extraction to be successful, panel must be
specifically designed for secondary extraction. S4L being virgin ground offers such an
opportunity to design pillar extraction ready panels.

Whether or not the pillar extraction can be implemented successfully is dependent on the
following:
•

Depth and thickness of seam

•

Panel width

•

Pillar sizes

•

Geological structures

•

Overburden competency

•

Surface infrastructures or structures

•

Surface rights ownership

6. Requirements and Constraints

Several surface structures / infrastructures occur within the S4L reserve area (Figure 3).
Most of these structures will be undermined during the course of exploiting the reserve. A
permission to undermine the structures through normal bord and pillar mining method is
obtained from the Department of Mineral Resources.
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Figure 3: Map depicting DCMW surface structures.

Pillar extraction will however not be undertaken underneath surface structures such as
water features (dams, streams, wetlands and pans). Man-made features such as graves not
earmarked for mining with either bord and pillar mining or pillar extraction.

Planning for pillar extraction will however be done for pillars underneath man-made
features such as powerlines and buildings. This decision is premised on the fact that
powerlines can be re-routed, and buildings relocated depending on the economics scales
when weighing revenue to be derived from mining the said reserves against the cost of rerouting or relocating.

Legislation requires that permission is obtained from surface rights owners before pillar
extraction can be undertaken due to the effects of pillar extraction on the surface. Figure 4
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showing the ECC’s surface rights ownership shows that ECC does not have surface rights in
the Vlakfontein area.

Figure 4: Map depicting ECC surface rights at DCMW.

7. Panel Design.

a. Pillar Stability.

The proposed No.4 Lower Seam development will undermine or mine within a 100 m of
the following surface structures:
•

Powerlines.

•

Dwellings / buildings.

•

Pans.

•

Rivers.

•

Dams.
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•

Farm road.

•

Graveyards.

1) Pillar Strength

The pillar’s strength is calculated using the van der Merwe and Mathey (2013)
equation which is based on the review of 85 panel pillar cases as compared to
the widely used Salamon and Munro (1967) formula which was based on 27
failed panel pillar cases. The van der Merwe and Mathey (2013) formula is given
by:
(1)

Where:

σs - is the pillar strength.
h - is the pillar height.
w - is the pillar width or effective pillar width for rectangular pillars.

2) Pillar Load.

The pillar load is calculated using the tributary area theory which states that
individual pillars carry an equal proportion of the of overburden load. This
assumption applies where the pillars are of uniform size and the panel width is
greater than the depth to the seam. The pillar load for square pillars is given by:

(2)
Where:
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H – is the depth to floor of the seam.
C1 – is the pillar centre distance in the split direction.
C2 – is the pillar centre distance in the advance direction.
w1 – pillar width in the split direction.
w2 – is the pillar width in the advance direction.

3) Safety Factor

The pillar safety factor is the ratio between the pillar strength and the pillar
load.

(3)

b. Probability of Survival (POS)

A study undertaken by van der Merwe and Mathey (2013a) found that safety factor
on its own is only a subjective evaluation of pillar stability. This is due to the fact that
the survival of the pillar cannot be quantified through a safety factor calculation
although a higher safety factor implies a higher rate of survival.

The concept of probability of survival was introduced to overcome the safety factor
limitations. The following probability of survival formula was derived from the study:

(4)

Where FS is safety factor calculated with equation 3.

van der Merwe and Mathey (2013a) further proposed acceptable POS norms which
are given in the table below:
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Table 1: Recommended POS

Category

Minimum POS

Remarks

(%)
Production panel

99.0

Short term, limited access, low traffic

Secondary

99.5

Medium term, general access, medium

development

traffic

Main development

99.9

Long term, general access, high traffic

Surface structure (1)

99.99

Low sensitivity to subsidence

Surface structure (2)

99.995

High sensitivity to subsidence, public
access

c. Pillar Life Index

Van der Merwe (2003) undertook a study of failed pillar cases in both the Vaal and
Witbank Coalfields in an effort to predict the life of pillars before failure. A recent
review or update of the rate scaling was conducted by van der Merwe (2016) taking
into account the concept of Probability of Survival

The amount a pillar has to scale in order to reach a Probability of Survival of 50%, is
given by:

(5)

Where

H = mining depth (m)
C = pillar centre distance (m)
h = mining height (m)

The predicted life of the pillar is then given by:
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(6)

Where

m = dimensionless constant, 0.1799 for the No, 1, 2 and 4 Seams
x = dimensionless constant, 0.7549 for the No, 1, 2 and 4 Seams
h = mining height (m).
dc = amount of scaling for POS of 50%

Table 2: Recommended minimum pillar life index

Category

Minimum PLI

Remarks

(Years)
Production panel

500 years

Short term, limited access, low traffic

Secondary

800 years

Medium term, general access, medium

development

traffic

Main development

1 000 years

Long term, general access, high traffic

Surface structure (1)

2 000 years

Low sensitivity to subsidence

Surface structure (2)

2 000 years

High sensitivity to subsidence, public
access

The calculated pillar life index was found to be in excess of 2 000 years.

d. Critical Panel Width

Whether the overburden will fail or not during pillar extraction is dependent on the
panel width. Goaf will not develop if the panel is too narrow for the overburden to
fail, resulting in increased pillar loads and the associated geotechnical problems.

The strength of the overburden is influenced by the strength, thickness, depth of
critical competent layer. Competent layer in this case means a sandstone layer
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comprised of at least 80% sandstone and at least 1.0 m in the thickness whereas the
critical competent layer refers to the thickest competent layer.

Figure 5: Map depicting S4L critical competent layer thickness distribution.

Although dolerites are usually referred as competent most dolerite sills within the
Dorstfontein Complex were found to be highly jointed with calcite infilling. It is for
these reasons that dolerites were not considered as competent for this
investigation.

It is therefore critical that panel must be wide enough for the critical (thickest)
competent layer to break. The critical panel span required for the critical competent
layer to fail is given by:
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Where:

L

= Critical span

t

= Critical competent layer thickness

σt

= Tensile strength of the layer

σH

= Horizontal stress

ρ

= Density

g

= Gravitation acceleration

The horizontal stress acting on the layer is given by:

Where:

k

= ratio between the vertical and horizontal stress (taken as 2)

H

= Depth to the middle of the critical competent layer

ρ

= Density of the layer

g

= gravitational acceleration

8. Subsidence

The act of mining will ultimately result in some sort of surface subsidence. Whether the
subsidence is visible or not is dependent on the following factors:
•

Depth of mining.

•

Percentage extraction.

•

The time at which the subsidence occurs.
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The magnitude of subsidence in a stable pillar system is negligible. Cognisance must be
given to the fact that although highly unlikely, pillar failure might occur resulting in the
subsidence. The maximum subsidence in that unlikely pillar failure event is given by:

(9)

(10)
Where:

Sm = the maximum subsidence.
H = mining depth.
he = equivalent mining height, mining height x extraction ratio.

(11)

Where:

Sm = maximum subsidence due to pillar extraction.
H = mining depth.
H = mining height
W = Pillar width

The maximum induced tilt is given by:
(12)
The zone of subsidence influence from the edge of the panel is a function of depth and caving
angle. The zone of influence is given by:
(13)

Where:

Sx = lateral distance from the edge.
H = mining depth.
θ = angle of caving (taken as 200)
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Equation 13 shows that the zone of influence increase with depth whereas the magnitude &
impact of the subsidence decreases with depth with the opposite holding true for the
decrease in mining depth.

Van der Merwe and Madden (2010) further classifies the expected subsidence profile into the
following classes based on the panel width and magnitude of subsidence:

Table 3: Classification of subsidence profiles (Van der Merwe et al, 2010)

Class

Sm/H

Description

A

<0.001

B

0.001 - 0.005

Difficult to notice, smooth profile, cracks 1 to 2 cm wide

C

0.005 – 0.02

Noticeable in flat terrain, smooth, cracks 2 to 10 cm wide, compression

Barely noticeable, smooth, continuous profile, hairline cracks

ridges 1 to 5 cm high
D

0.02 – 0.05

Noticeable in most terrains, visible vertical displacements across cracks,
cracks 10 to 50 cm wide, compression ridges 5 to 50 cm high

E

>0.05

Severe profile, almost vertical sides, cracks wider than 50 cm,
compression ridges higher than 50 cm

9. Conclusions.

a. Panel Design

The critical competent layer in the reserve area is generally less than 15.0 m reaching up
to 25.0 m in isolated areas. Calculations shows that a critical panel width of 150.0 m
(Figure 6) at most is required to break the thickest competent layer.
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Pillar extraction panels will be designed on a 28.0 m x 28.0 m center layout resulting in a
panel width of 175 m for a 7-road panel. It is however envisaged that most of the panels
will be nine-road panels. The required panel criterion will therefore be satisfied always
ensuring that goafing can occur during pillar extraction.

Figure 6: Map depicting the critical panel span required for overburden failure.

Critical competent layer database will be updated as new information becomes
available from the different borehole drilling programs.

b. Subsidence

The magnitude of maximum subsidence in a bord and pillar layout is dependent on the
unlikely event that panel’s pillar system fails. Subsidence is however guaranteed in the
case of pillar extraction.
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The investigation shows that a Classes C, D & E subsidence profile will occur when pillar
extraction is undertaken. The subsidence profile will have the following characteristics:
•

Class C: Noticeable in flat terrain, smooth, cracks 2 to 10 cm wide,
compression ridges 1 to 5 cm high

•

Class D: Noticeable in most terrains, visible vertical displacements across
cracks, cracks 10 to 50 cm wide, compression ridges 5 to 50 cm high.

•

Class E: Severe profile, almost vertical sides, cracks wider than 50 cm,
compression ridges higher than 50 cm.

Figure 7: Map depicting subsidence profile distribution.
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Figure 8 shows that the maximum lateral zone of influence related to subsidence in
different mining depth does not exceed 50.0 m. A 50.0 m buffer zone where pillar
extraction is not be executed must therefore be left against restricted surface structures
and features.

Figure 8: Map depicting the lateral extent of subsidence from the panel edge.

c. Constraints.

The investigation found that pillar extraction will be not be undertaken in areas with
surface water features and graves. Pillar extraction will also be limited to a cover depth
of a least 30.0 m below ground level. The constrained or restricted areas are shown in
Figure 9.

Areas with powerlines and where surface rights are owned by other entities than ECC
are included in the pillar extraction design or planning process. These can be
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circumvented by through re-routing in the case of powerlines and negotiations or
purchase in the case of surface rights ownership.

Figure 9: Map showing pillar extraction blocks.

10. Recommendations

The following are recommended based on the investigation:
•

Secondary pillar extraction is feasible for panels outside of the constrained or
restricted areas as indicated in Figure 9.
o A buffer of at least 50.0 m will be left against restricted zones.

•

The ultimate decision on which of the available blocks to mine will be influenced by
the extent and magnitude of geotechnical conditions encountered during mining.

•

Pillars in pillar extraction panels must be laid-out on 28 m x 28 m centers, resulting
in a minimum panel width of 175 m.
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Should you have any further queries please feel free to contact myself at the following
locations: Tel. (011) 441 6989, Cell. (084) 372 4507, or Email. rofhiwa.phadagi@exxaro.com

Yours Sincerely
_________________
Mr. Rofhiwa Phadagi
Senior Rock Engineer
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