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Figure 8-26 [ref 861 Block quantities

Protected limestone block Quantities and reserves at June 1999

Block Volume at Volume at Combined Abstracted 7m Abstracted 10m
number 7m bench 10m bench volume bench bench

A2 0.0 7,800.0 7,800.0 0.0 00

A3 00 32,600.0 32,600.0 00 00

A4 00 15,600.0 15,600.0 00 00

82 00 100.0 100.0 00 00

83 0.0 21,000.0 21,000.0 0.0 7,500.0

84 0.0 50,000.0 50,000.0 00 00

85 00 50,000.0 50,0000 00 00

C2 00 700.0 700.0 00 00

C3 00 32,500.0 32,5000 00 3,8000

C4 0.0 50,000.0 50.000.0 00 00

C5 0.0 50,000.0 50,000.0 00 00

D3 00 50,0000 50,000.0 12,9000 00

D4 00 50,000.0 50,000.0 12.900 0 00

D5 00 50,000.0 50,0000 12,900.0 0.0

E3 39,000.0 50,000.0 89,0000 00 00

E4 35,0000 50,0000 85,000.0 00 00

E5 35,0000 50.0000 85,000.0 00 00

F3 45,000.0 50,000.0 95,0000 00 00

F4 35.0000 50.0000 85,0000 00 00

F5 35.000.0 50,000.0 85,0000 00 00

F6 27,5000 35,000.0 62,5000 00 00

G3 35,000.0 50,0000 85,000.0 00 00

G4 37,5000 50,000.0 87,5000 00 00

G5 35,000.0 50,000.0 85.0000 00 00

H4 55,000.0 50,000.0 105,000.0 00 00

H5 55,0000 50,0000 105,0000 00 00

J4 35,0000 50,000.0 85,0000 00 00

TOTALS 504,000.0 1,095,300 .0 1,599,300.0 38,700.0 11,300.0
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Figure 8-28 [ref 861 Block quantities

Projected limestone block Quantities and reserves at Januarv 2000

Block Volume at Volume at Combined Abstracted 7m Abstracted 10m
number 7m bench 10m bench volume bench bench

sa 00 7,800.0 7,800.0 00 00

A3 0.0 32,600.0 32,6000 00 00

A4 00 15,600.0 15,600.0 0.0 00

82 00 1000 1000 00 00

83 0.0 0.0 0.0 00 21,000.0

B4 0.0 37,500.0 37,500.0 00 12,500.0

85 00 50,000.0 50,000.0 00 00

C2 00 700.0 700.0 00 00

C3 00 22,000.0 22,000.0 00 10,500.0

C4 0.0 44,000.0 44,000.0 0.0 6,0000

C5 00 50,000.0 50,000.0 00 00

03 00 50,000.0 50,000.0 00 00

D4 00 50,000.0 50,0000 00 00

05 0.0 50,0000 50,000.0 00 00

E3 39,0000 50,000.0 89,0000 00 00

E4 35,000.0 50,000.0 85,000.0 00 00

E5 35,0000 50,000.0 85,000.0 00 00

F3 45,000.0 50,000.0 95,000.0 00 00

F4 35,000.0 50,000.0 85,000.0 00 00

F5 35,000.0 50,000.0 85,000.0 00 00

F6 27,500.0 35,000.0 62,5000 00 00

G3 35,000.0 50,0000 85,000.0 0.0 00

G4 37,500.0 50,000.0 87,500.0 0.0 00

G5 35,0000 50,000.0 85,000.0 00 00

H4 55,0000 50,0000 105,000.0 00 00

H5 55,0000 50,000.0 105,0000 00 00

J4 35,000.0 50,000.0 85,000.0 00 00

TOTALS 504,000,0 1,045,300.0 1,549300.0 0.0 50,000.0
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8.4.0 A SAMPLE PHYSICAL QUARRYING PLAN.

The following quarry plan was produced by the Writer, [ref 90] for a
limestone quarry to serve a cement plant, the drawing were produced by
digitising maps and working in "Computer Assisted Design", the
programme used was Drawfix CAD, but any other similar programme
would be acceptable.

8.4.1 Resource and general description

The resource has been identified as consisting of three chemically
differing grades of material. Additionally the reserve contains horizons of
change with regard to its bedding, these horizons have been identified as
having a height of ten metres. To produce a homogenous run of quarry
material it will be necessary to blend the grades.

The quarry will be operated within the conventional codes of practice and
procedures by opening the excavation from the highest elevation and
developing a series of ten metre benches. Each bench level being given
a six metre inset from the preceding level. The relatively complex geology
and rock chemistry has dictated the progression of extraction, with
extraction commencing with the lowest grade material, this being found
close to the western boundary of the site at its highest point of 135
metres above mean sea level (AMSL), progressing through the
intermediate grade and terminating in the high grade at 45 metres AMSL.

To operate this site in a responsible manner, paying due regard to safety
and the environment, the deposit must be worked from the surface
downwards in a series of benches, taking into consideration the need to
win materials of the appropriate grades both with regard to chemistry and
physical characteristics. The extraction will consist of a combination of
techniques involving ripping and dozing on the upper levels, with the
possibility of using drilling and blasting techniques in parts of the deeper
developments should it become necessary.

Inspection of core samples and the results of various trial pits which have
been excavated within the site, show that the rock can be exploited
without need to incorporate the advanced drilling and blasting techniques
which are customarily employed in the operation of most hard rock
quarries. Instead, excavation will be made by employing a heavy dozer
and using standard downhill ripping and dozing techniques the material
will be made available to a wheeled loader for loading into rigid chassis
dump trucks.

Road construction

Before quarrying can begin, a road will be constructed to the area of
operations. It is recommended that the road starts from the area found to
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the south east of the new clinker processing plant at grid reference
385,700 east 2,029,500 north and terminates at a convenient point within
the extraction area, this has been identified as grid reference 384,600 east
2,029,900 north.

The first 500 metres of the road, that is, the road extending from the
proposed plant site, will for the life of the quarry be permanent routing and
because of this, it is recommended that it is constructed to a high standard
with regard to ;

routing
elevation
width
drainage

safety barriers
signing

surfacing

road marking
priorities

to follow the natural contours
and gradients not to exceed 1:12
not less than 15 metres
drainage on high banking and super-elevation
with culverts
ARMCO barriers where required
clearly legible road signs conforming to
country standard
concrete at turning points and asphalt
throughout
to conform with local standard
to be clearly marked

This road will connect to various feeder roads. During the life of the quarry
and to adapt to the changing locations of the active benches, the feeder
roads will be redesigned and re-routed several times. These roads need
not be built to as high a standard as the permanent road. To achieve an
acceptable inclination, usually 1:12, the road follows natural contours, the
rise of 55 metres and the short distance available, will not require that the
length of the road is extended by looping. Should looping be considered,
attention must be paid to the arc of visibility and all the bends to be
horizontal.

Efforts should be made to ensure that the road is designed to have a
minimal visual impact, both during construction and use. Dust will be
controlled by the application of a water spray, adequate drainage will
provided to prevent flooding. The permanent road can be screened by
planting screens of leafy trees, this will reduce the nuisances of dust and
noise.

Bench development

Most quarries, whether they are a hole in the ground or cutting Into the
side of a hill will operate a series of benches. A bench is a step or level cut
into the side of the rock, one bench consists of a floor and a face, with the
floor being the horizontal section and the face being the vertical or angled
section.
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Bench height

The bottom of the vert ical face is known as the toe, and the top is the
crest. Typical bench heights in a modern quarry , range from five to fifteen
metres. Within reason, the higher the face, the more cost effective is the
operation, however, with enforced legislation the benches will be reduced
to a minimum. The benches in this quarry have been chosen to be
operated to a compromised vert ical height of ten metres , this height is
cons idered to be the minimum necessary in order to enable sufficient
scope for blending of the mater ials.

Figure 8-30 [ref 901Bench details

Bench inclination

To assist in stability the face is usually angled back from the vertical , this
inclination is described in degrees from the vert ical and ranges from
vert ical to twenty degrees with between five to fifteen degrees being the
norm. In this mine, the operat ion will made by use of ripping and dozing
and a shallow bench angle is required . To enable satisfactory blending , a
face angle of sixty degrees from the vertical is recommended , this will
result in a lateral dozing slope of 17 metres length.

Bench inclination (final perimeter)

As the working benches approach the outer limit of the quarry, they will be
designed and developed to remain as a perimeter bench or wal l. The
angle of the face is usually kept as steep as the rules of rock mechan ics
allow. This is to allow the maximum amount of material to be quarried
without having the lower benches encroach too much into the depos it. As
this operat ion is one of dozing and not blasting, the perimeter bench will
be excavated to remain at a steeper angle than the work ing bench and
thirty degrees from vert ical is considered satisfactory. The face can be
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accurately cut by using a hydraulic excavator.

Bench floor

It is likely that the chemistry of the rock will dictate the progression of the
various bench levels. There is no particular requirement to operate the
benches sequentially, however, development of the benches and advance
drilling may suggest a local deviation from the main plan, resulting in
several benches being worked in parallel. Although a working bench will
have a floor width of at least sixty metres, the floor left behind on the
perimeter bench will be six metres only. This is small enough to avoid
leaving the hill with an obvious stepped appearance, but large enough to
retain an adequate distance to allow for longitudinal draining of the
benches and sufficient area to act as a rock trap.

Drilling and blasting

From time to time it may become necessary to loosen the rock with
blasting, the following drawing gives approximate details of a charged drill­
hole. The hole diameter should be 89 mm and a square drilling of 3 metres
burden and spacing employed. The purpose of this, is to loosen the rock
only and not produce a full bench blast with maximum fragmentation and
heave.

Rehabilitation

Each worked out bench will incorporate a longitudinal downwards slope
in the floor of three degrees. This is to direct water away from the main
workings and into a surface drain. Settling ponds should be constructed
within the drain to trap suspended solids and to provide a facility, if
required to modify the PH of the water. With a bench floor remaining of six
metres, a vertical face height of ten metres and a face angle of thirty
degrees, the composite overall angle of the hill when excavations are
complete will be approximately 45 degrees or 1:1.As each bench reaches
the perimeter, it will have its top soil replaced and vegetation re­
established, details of the recommended types of vegetation are given in
the section on the environment.

Method of development

The type of limestone that has been identified in the deposit indicates that
it can be mined with the use of a heavy dozer to first rip, then push the
material to a loader. Specific types of dozers and loaders are detailed in
the section titled Mobile Plant. Bench development will begin by
excavating a road into the new bench at its floor level, the dozer will then
cross rip at 45 degrees to a depth of one metre, on completion of ripping
it will excavate the rock and push it to the road for loading. Development
will progress from this area towards the bench perimeter, effectively
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retreat mining. The bench will be worked towards its floor level at a an
angle of thirty degrees from the horizontal, this being a suitable angle for
the operation of a heavy dozer. A hydraulic excavator will be needed to
cut the final perimeter and produce the stable type of benches that are
required for the faces to remain exposed after the cessation of quarrying .

8.4.2 Conceptual reserve calculation

The geological study has identified a physically consistent, young rock
which is substantially without faulting , bedding planes or major jointing.
The rock has, however, been found to have contain many voids, both
small and large and much micro jointing and fracturing. The method of
extract ion that is envisaged will enable the whole of the identified deposit
to be exploited . As a result of this, the volume of the available resource,
can be simply calculated by area mapping and void calculation. For both
social and physical environmental reasons, a 100 metre stand off has
been made from the public roads and habitations. The reserve has been
specifically calculated by identifying individual ten metre bench levels, the
area, applying a fill factor (assuming that all the ten metres is not available
and there are some losses) and calculating to reach the volume. A specific
gravity of 1.8 has been employed to arrive at the mass (this being the
approximate dry density of the rock) in tonnes and the volumes have been
rounded off. The criteria are discussed in subsequent sections

Figure 8-31 fret 901Reserves

LIMESTONE MINE

Bench Floor area in Fill factor Volume In m' DenSity Mass In tonnes
Floor level m2 factor

125 m 36.000.00 0.20 72,000.00 180 129,60000

115 m 312,000 .00 050 1,560,00000 180 2,808,00000

105m 535,00000 0.85 4,547,500.00 1.80 8,185,50000

95 m 789,000.00 085 6.706,500 .00 1 80 12.071,70000

85m 728.000.00 0.85 6,188,00000 180 11.138.40000

75 m 464,000 00 085 3,944,00000 180 7,099,20000

65m 423.00000 0.90 3,807,00000 1.80 6.852,600 00

55 m 335,000.00 095 3.182.500.00 1.80 5,728,50000

45m 163,000 00 0.95 1,548,50000 180 2,787.30000

31.556,00000 56,800,80000

Using the tables shown above, the total extractable limestone technical
reserve is calculated at 56,800,800 .00 tonnes and rounded to 57,000,000.

The usage factor is entirely subject to the final raw meal mix design .
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The following pages show drawings produced by the writer for a feasibility
study carried out for International Mining Consultants Limited of the UK.

The first drawing shows the grade of limestone with regard to calcium
carbonate content.

The next series of drawings show the development of the quarry, bench
by bench. The quantities that are shown in the main text were calculated
from these drawings by using the cad facility to measure the top bench
contour, the bottom bench contour and the vertical interval to calculate the
volume. After arriving at a fill factor (the estimated filling between the two
contours taking into account the topography) a reasonably accurate
volume could be arrived at. As this volume was calculated bench by
bench, it is a simple matter to log the progress of the mine by simply
deducting the expected annual or monthly rate of extraction from the
relevant bench level.

The last drawing is a composite image of each bench superimposed upon
the previous bench.
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