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Abstract

Environmental impacts of coal mining and processing operations on land, water
and air are identified, measured, evaluated, interpreted and discussed. The
impacts of these operations are scarring most of the areas, land surface

degradation, pollution of surface water bodies as well as air pollution.

This study is aimed at quantifying how much damage has been done to the
environment as a result of open pit coal mining and processing operations.
Estimates of rehabilitating and revegetating Kanzinze and Izuma pits have been
established by the study. To achieve these objectives, assessment was done to
quantify the total area disturbed by mining and waste dumping operations. This
was done by detailed surveying of the pits and waste dumps using a GTS 701 Total
Station. Results showed that 321 hectares of land and forest have been destroyed
by the operations. Total volume of excavations in Kanzinze and Izuma pits
amounts to 13.9 million m3 occupying an area of 268 hectares. Waste dumping
have also affected the environment quite extensively and to date, 6.61 million m3
of overburden and discard material have been dumped and have occupied an area
of 53 hectares. The types of costs estimated in the study include costs of backfilling
excavations in mined out areas, dozing and grading of backfill material to required
slope and revegetation in Kanzinze and Izuma pits. The costs of rehabilitating and
revegetating past and present damages in Kanzinze and Izuma basins have been

estimated at US$68,641,784.
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Water samples were collected at various points along the Kanzinze River and
along its tributary (Izuma River). Results showed that the pH of water in the
Kanzinze River dropped drastically from 7.7 at Kanzinze upstream to 2.5
downstream. The decrease in the pH was due to oxidation of pyrite (after
exposure to oxygen and water) resulting in the formation of acidic effluent, acid

water that is eventually discharged into the Kanzinze River.

Effects of mining operations on air have also been assessed and discussed and
results of the dust sampling indicate that the open pit and the Coal Preparation

Plant (CPP) are the most affected in terms of coal and silica dust concentrations.

Environmental regulations (i.e. current environmental policies and the
Environmental and Protection and Pollution Control Act No. 12 of 1990) and their
impacts on the operations of the mine have been reviewed and discussed. Factors
that contribute to non-compliance by Maamba Collieries Limited (MCL) have also
been established and suggestions made on how best the existing regulations can
be modified to allow Maamba Collieries Limited conform to or embark on
redressing past environmental impacts as well as modifications to current mining

practices for the betterment of the environment.
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Study area

1.1.1 Location and access

Maamba Collieries Limited (MCL) is located in the Gwembe valley within the
Gwembe Coal Formation. It is bounded by latitudes 179201 and 179271 S and
longitude 279101 and 27915 E (Figure 1.1). Access to Maamba is by a road that
extends southeast from the Great North Road that links Livingstone, Lusaka and

Copperbelt. The mine is 88 km from Batoka.

NKANDABWE
COALFIELD

i

Y AREA

ZAMBIA

—————

Figure 1.1:  Location and access of Maamba Collieries Limited.

1



Alternative route to Maamba is a gravel road from Choma to Masuku and then a
rough track down the escarpment to the valley floor or a track that follows the
aerial ropeway from Masuku to Maamba. The track routes are often impassable

during rainy season.

1.1.2 Topography

Maamba Collieries Limited is located in a low broad valley surrounded by
relatively steep ridges. It is situated on the northwestern side of the valley, with
Maamba Township approximately in the centre (Figure 1.2). The intervening
terrain is rugged. Drainage is provided by the Kanzinze River, which used to
transverse Maamba Collieries Limited in an east-southeasterly direction before
turning northeast. The Kanzinze River was later diverted through the Kanzinze
diversion canal to facilitate coal extraction in Kanzinze Basin. Major tributaries of
the Kanzinze River are the Izuma, Jongwe and Siankondobo rivers. All streams are
predominantly seasonal in flow. Izuma River was also diverted to allow open pit
mining operations in Izuma basin. The Kanzinze River and its tributaries
eventually flow into Lake Kariba, which is a man-made lake and serves as a water

reservoir for the Kariba hydroelectric facility shared by Zambia and Zimbabwe.



s

524 526
' Grid : U.TM. Zone 35
Unit of Measurement : Metre

Figure 1.2:  Topographic map of Maamba area (Source; Survey Department)
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1.1.3 Geology

Maamba Collieries Limited is situated in the Gwembe Coal Formation, which is
part of the Lower Karoo System (Figure 1.4). The Gwembe Coal Formation is
subdivided into lower, middle and upper units (Matherson G.D (10)1). The lower
unit is arenaceous and the middle and upper units, argillaceous and carbonaceous
respectively. The middle unit comprises the main coal seam, and it overlies the
carbonaceous and coaly mudstone. The main coal seam shows considerable
variation in thickness and may grade laterally into coaly mudstone. In some
regions, it is split by horizons of sandstone and siltstone. The overlying rocks are
dark - grey to black, homogenous, massive silty mudstones or fine-grained
siltstone. The thickness of the main coal seam ranges from a few centimeters to a
maximum of 11 meters thick. The coal seams, which occur above the main seam,

are usually only a few centimeters and rarely more that 1.5m thick.

1 Number in brackets indicates reference number.
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Figure 1.4:  Geology and Tetonics of map of Maamba area (Source; Geological

Survey Department, Report No. 37)
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Note: The letters are to facilitate identification of lithological units; they have no stratigraphical significance and are applicable
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Figure 1.5:

Sandstone; medium-grained, cross-bedded, brown to greenish sandstone
with siliceous cement

Basaltic to andesitic lava flows with agglomeratic intercalations locally
towards the top of the sequence

Sandstones; medium-grained, cross-bedded, reddish orange; arkosic grits
with subordinate conglomeratic beds

Mudstone; massive, uniform grey-green, non-carbonaceous, with minor
sandstone and limestone beds

Sandstones, siltstones, mudstones and coal {(K); Maamba Sandstone (K,)
consists of rhythmic units of conglomerates, sandstones, siltstones,
mudstones and some coal; overlain by the main coal, coaly mudstone and
carbonaceous mudstone;  overlying medium- and coarse- grained
sandstones are capped by carbonaceous and non-carbonaceous mudstones
(lzuma Beds)

Sandstone; fine-grained, laminated, white to buff, silty sandstone; pyrite
nodules at the top, conglomerates at the base

Undifferentiated; basal conglomerates and sandstones

Amphibolite; massive, hornblende - quartz - plagioclase amphibolites

Muscovite quartzite

Schists, undifferentiated; reddish brown, medium-grained, quartzitic schists
interbanded with more micaceous schists and more quartzitic schists

Marble; medium-grained, irregularly banded, crystalline, with abundant
mafic inclusions

Gneisses, undifferentiated; quartzo-feldspathic, fine-grained, granulitic
gneisses in the east; migmatitic, well banded gneisses in west

Dolerite; dykes and small bodies

Granites; medium- to coarse-grained, locally porphyroblastic (A); fine-
grained granite (A,); pegmatitic granite (A,)

Legend of Geological map of Maamba area (Source; Geological

Survey Department)



1.1.3.1Seam characteristics

The following are descriptions of seam horizons in descending order of

stratigraphic occurrence (Figure 1.6):

Seam No. 5: - This is the highest stratigraphically occurring seam. It occurs as a

single bed with average thickness of 0.84m.

Seam No. 4: -This seam lies approximately 23m below seam No. 5 and occurs as a
multi-bedded seam generally containing two to four separate beds. The thickness
of the individual bed is variable with a combined total thickness of 2.30m. The

beds are separated by mudstones of varying thickness.

Seam No. 3: -It is situated approximately 3m below seam No. 4. This seam is also
multi-bedded, consisting of two or three individual coal beds separated by varying
thicknesses of mudstone and / or carbonaceous mudstone. The combined

thickness of the coal beds averages 1.43m.

Seam No. 2: - It lies approximately 12m below seam No. 3 and it occurs as a single

bed. The average thickness of this seam is 1.33m.
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Figure 1.6:  Generalised stratigraphic sections showing the relative position of
major coal seams and zones of the Gwembe formation within MCL (Source: John

T.B - 1993 (9))



Seam No. 1: -This lies approximately 5m below seam No. 2 and it also occurs as a
single bed but is sometimes split into two benches. The seam averages 0.36 in

thickness with a variable in-seam parting.

Seam A: -This is the thickest of the seams being mined at MCL and it lies
approximately 2m below seam No 1. The average thickness of seam A is 6.25m
with several small, variable in-seam partings. Separate splits of seam A occur both
above and below the main seam. The ability to recover the lower split during
mining is dependent on the thickness of the split and the amount of sandstone

separating the split from the main seam.

Seam B: -This is the other major seam being mined at MCL and it occurs from 0 to
2m below seam A. The average thickness of seam B is 2 to 2.5m and occurs as a
single bed. The immediate bottom strata vary from a thin layer of clay / mudstone

to direct contact with the sandstone.

1.1.3.2Coal reserves

The coal reserve base of MCL totals 78 million tonnes with Kanzinze and Izuma
pits having a total of 21 million tonnes. The tonnages are expressed on an in-situ
basis and are limited to seams A and B. The following are the in-situ coal reserve

statements of MCL as at 31 st March 2000.
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AREA ESTIMATED RESERVES
IN-SITU - METRIC TONNES

KANZINZE

(1) Open pit 7,440,000

(i)  Underground 8,650,000

(iii)  Pillar 1,590,000

(iv)  BlockX 2,730,000
TOTAL 20,410,00

(i) Kanzinze extension** 18,000,000

SUB-ECONOMIC RESERVES

South fault ‘D’ 11,700,000
IZUMA BASIN

(i) Open - pit 13,890,000
(ii) Underground 14,000,000

TOTAL 27,890,000

Total Reserve of Maamba

Proven 60,000,000
Probable 18,000,000

**Kanzinze extension reserves are classified as probable; all remaining areas are

classified proven.

1.1.4 Population and agriculture

The area is fairly densely populated, mainly by Tonga speaking people. The Valley
Tonga live in villages ranging in size from less than a dozen to more than a hundred
families depending on the availability of water, fertile soils and distribution of
Tse-tse flies. Flooding of Lake Kariba has had a tremendous impact on the social
and cultural environment of the people, because they had to leave their fertile

flood plains to resettle in the escarpment belt and the non-flooded valley floor.
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Goats, cattle and poultry are kept in most villages. The staple food is corn (maize)
which is grown with bulrush millet, together with groundnuts, pumpkins, cassava
and drought resistant sorghum. Crops are grown for family consumption
(subsistence farming), so agricultural methods are simple and include the use of

hand hoes and cattle-drawn ploughs.

1.2  Objectives of the research

The objectives of the research were to: -

(1) assess and quantify the extent of past environmental degradation in terms
of land, water and air, and propose possible measures to redress them;

(ii) review current environmental regulations/practices pertaining to such
type of operations and suggest ways of how best they can be modified; and

(iii)  suggest and estimate the costs of remedying / mitigating past and present

damages to the environment in Kanzinze and [zuma basins.

1.3  Research methodology

Fieldwork involved detailed traverse survey on the disturbed surfaces of the open
pits and on waste dumps. Traverse surveys were done with a GTS701 Total
Station. Surveying of open-pits involved determining the coordinates and
elevations of selected points within and along the Kanzinze and Izuma open pits.
Coordinates and elevations measured were plotted in Surfer Mapping System to
determine the volume of excavations that have been created by open-pit mining
operations and to determine how much material would be required to backfill the

mined-out areas of the two pits. Coordinates were also used to determine the total

12



surface area degraded by open pits and waste dumping in the area. To determine
the volume contained in waste dumps, traverse surveys were done around the top
and bottom of the waste dumps. Coordinates and elevations of selected points
around the top and bottom of waste dumps were determined and results plotted
in Surfer Mapping System. The volume of the solid material above the lower
surface of the dump indicated the volume of the dump. To determine the effects of
open pit coal mining and processing on water quality, water samples were
collected using one liter containers and the samples were taken to Environmental
Engineering Laboratory at the University of Zambia for analysis. Dust sampling
was also undertaken at various open-pit mining and coal processing operations
and within Maamba Township using a Konimeter. This was done to determine the

extent and magnitude of particulate emissions in the area.

1.4  Significance of the study

The results of the assessments have furnished information as to which
measures/steps should be undertaken to remedy current and mitigate past
negative impacts of mining operations on the environment at Maamba Collieries
Limited. Costs to rehabilitate past environmental impacts in Kanzinze and Izuma
basins have also been established in the study. Review of current environmental
regulations, has come up with suggestions in which Maamba Collieries Limited

could be made to embark on measures aimed at environmental remediation.

13



CHAPTER TWO

2.0 OPEN PIT MINING OPERATIONS

2.1 History on the progression of open cast mining at Maamba

Maamba Collieries Limited (MCL) has operated surface mining since its inception
in 1967. Prior to the development of MCL, coal requirements of Zambia were
covered by imports from Wankie mine located in Hwange, Zimbabwe. After the
Unilateral Declaration of Independence (UDI) in 1965, the Zambian government
became concerned over the reliability of Wankie coal supplies and by late 1966,
Nkandabwe mine, located 23 km northeast of present MCL mine was opened.
After producing approximately 1.0 million tonnes of coal, operations were
abandoned because of complex geologic faulting, steep inclination of coal seams
and inundation of the open pit by water (9). Open pit mining operations at MCL
began in the Kanzinze basin at the outcrops of seams A and B along the present
Kanzinze river diversion canal. However, after producing approximately 13
million tonnes of clean coal, production shifted to Izuma basin in 1985 as a stop
gap measure while the dragline (the major stripping machine) was being repaired
in the Kanzinze basin. Operations in Kanzinze basin resumed in 1986 after a major
breakdown of the dragline. Production, however, did not last long before the
dragline broke down again in 1991 and operations were again shifted to Izuma in

the same year. Operations in Izuma basin allowed MCL to maintain coal
14



production during the dragline repair. Currently, all coal mining operations have

been shifted to Izuma basin.

2.2 Open cast mining operations in Kanzinze basin

Open-pit mining operations in the Kanzinze basin began in 1967 after execution
of the Kanzinze River diversion canal. Mining operations began by bush clearing
and loose soil removal ahead of mining using bulldozers. This operation was
followed by prestripping? of loose soil material (Plate 2.1) done with 88BE and

110RB Rope Shovels.

Plate 2.1: Soft overburden material that is removed by shovels and dozers

(Photo: Besa - 2000)

Prestripping of loose soil sediment material was done without blasting and

material consisted of alluvium and oxidised (weathered) zones. Prestripping was

2 This is the removal of top-most layer of loose soil and overburden material overlying the coal seam
without exposing the seam.
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followed by stripping3 of competent overburden material overlying the coal seam
with the aid of the Dragline, i.e. sidecasting. Material was drilled and blasted
before the dragline could strip and expose the coal seam. Stripped material was

sidecasted within the mined-out areas of the pit

2.2.1 Overburden drilling

Overburden drilling in Kanzinze basin was initially performed by Airtracs.
However, because of the increasing stripping ratio* and need to increase
production, this necessitated the purchase of the BE 50R drill, later replaced by BE
45R used on rotary blasthole drilling of competent overburden material. The drill
rig is crawler mounted and drills 230mm diameter blastholes. Later, two drill rigs
were purchased i.e. an Ingersoll-Rand DMM and Drill tech D25K to replace the BE
45R drill rig due to its poor performance and constant breakdowns. DMM drill rig
drills 230mm diameter holes while D25K drills 170mm diameter holes. Both drills
are electrically powered, crawler mounted, hydraulically levelled and have
maximum drilling depth of 38.1m. During drilling operations, holes were drilled
vertically on a pattern of 8 x 9m which was at times varied to ensure good

fragmentation of the material being drilled.

2.2.2. Charging and blasting

3 This is the removal of waste overburden material directly overlying the coal seam.

4 Ratio expressing the amount of waste to be moved per unit of ore mined.

16



Blasting of drill holes utilised non-electric initiation system. This method was
employed because of its safety (pressure of high voltage, 6.6kV pit machinery),
gave less misfires and did not require blasting accessories such as cables,
exploders etc. Drill holes were charged with Ammonium Nitrate Fuel Oil (ANFO)

because the explosives offered the following advantages:

o it fills the hole and gives acceptable borehole loading;

e results in an acceptable level of performance during loosening of
mudstone;

e issafe during handling; and

e iseconomical.

During charging, one 5 Kg case of gelignite wrapped with cordtex was used as a
primer (Figure 2.1) and was pushed down with a wooden tamping pole to ensure

placement of ANFO explosive column on top.

Cordtex

F 3

Stemming

ANFO

Dirill hole

Primer

Figure 2.1:  Single - hole explosive arrangement.
17



Approximately 2m of stemming (drill cuttings) were shoveled into the hole (to
reduce blowouts) leaving a length of cordtex exposed for tying. All holes were tied
together with cordtex after loading. Rows were doubly connected with relays
effectively allowing 24 millisecond delay. Front raw (free face) holes were
initiated first. The powder factor> on overburden blasting averaged 0.30 Kg/Bank

Cubic Meter (BCM).

2.2.3 Overburden removal (stripping)

Figure 2.2 shows a simplified dragline operation during overburden stripping.
Stripping begins with the dragline at position 1, cutting a trench referred to as a
keycut, along the newly formed highwall (2). The distance from the previous
keycut position to the new position is referred to as the digout length. The keycut
is made to maintain the strip width® and uniform highwall. Without a keycut, the
panel width would narrow with each subsequent digout, because the dragline
could not control the bucket digging against an open face. The dragline deposits
the keycut material in the bottom of the mined out pit off the coal and against the
previous spoil pile. When the keycut has been completed, the dragline is moved
to position 2 to complete excavation of the digout. The material from the digout is
cast on top of the keycut spoil. When the digout has been completed the dragline

is moved to position 3, the beginning of the next stripping cycle (next digout).

5 Ratio of the weight of explosives consumed for blasting a unit volume of material

6 Width of the cut taken by the dragline as it progresses from digout to digout, along the highwall from one end of
the pit to the other.

18
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Figure 2.2:  Simplified (plan (a) and section (b)) dragline operation sequence

during overburden removal (Source; Sengupta. M - 1995 (11))

2.2.4 Coal drilling and blasting

Upon completion of stripping competent overburden material overlying seam A,
the top of the coal seam was determined by raw coal analysis of highwall samples
from previously mined cut. The geological section of the Technical Service

Department was responsible for taking samples while the laboratory section of

19



the same department was responsible for raw coal analysis. After determining the
coal roof, the top of the coal seam was cleaned with a rubber tyred dozer prior to
drilling. Pit cleanings were loaded into trucks and discarded in waste dumps. The
top of the coal seam was then drilled on 5 x 5m pattern with an Airtrac. The depth
of each drill hole varied and was dependent on the thickness of the coal seam down
to the interburden between seam A and B. Charging and blasting of drill holes was
performed utilizing the same procedure of blasting overburden material

described in section 2.2.2.

2.2.5 Coal Extraction (Seam A)

Loading of run-of-mine (ROM) coal into trucks was performed by front-end
loaders (FEL) or rope shovels. ROM was loaded in 45 tonne haulpaks or 76 tonne

rock trucks for transportation to a receiving hopper of the CPP for processing.

2.2.6 Interburden removal

The interval between seam A and B is separated predominantly by sandstone. The
interburden varies in thickness from 0 to 2m and its removal was accomplished
by ripping when the interburden thickness was less than 1.0m and by drilling and
blasting when the interburden thickness was more than 1.0m. When interburden
removal was by ripping, a dozer equipped with a ripper was used to break the
material. The broken material was either loaded into trucks by front-end loaders
for disposal within the mined out areas of the pit or simply dozed off towards the
mined out strip. When interburden thickness was more than 1.0m, the sandstone

was drilled with an Airtrac on a 5 x 5m pattern. The depth of drill holes also varied
20



depending on the thickness of the interburden. Blastholes were charged and
blasted as described in section 2.2.2. Blasted material was loaded into trucks by
front-end loaders and was dumped in waste dumps or material cast in mined out

areas of the pit by the dragline.

2.2.7 Coal extraction (Seam B)

After determining the roof of seam B by raw coal analysis, the seam roof was
cleaned and drilled on a 5x5m pattern using Airtracs. Charging and blasting seam
B was identical to seam A. Blasted seam B was loaded into trucks by front-end
loaders and transported to the grizzly of the coal preparation plant for processing
or dumped at the run-of mine (ROM) coal stockpile near the coal preparation

plant.

2.3  Open cast mining operations in Izuma basin

Mining operations in Izuma basin began in 1985 when the dragline was
undergoing major repairs in Kanzinze basin. Open-pit operations started at the
outcrops of seam A and B and allowed MCL to maintain coal production when the
dragline was on breakdown. Trucks, shovels and front-end loaders units were
used during open-pit mining operations. Open pit operations in Izuma are similar

to Kanzinze except that:

(1)  Stripping operations in Izuma pit were done with rope-shovels while in

Kanzinze a dragline was used for the same purpose; and

21



(2) Stripped overburden material in Izuma was dumped in [zuma dump unlike
in Kanzinze basin where material was sidecasted within the mined-out

areas of the pit.

2.3.1 Overburden drilling

Drilling of competent overburden material in [zuma was done in a similar way
overburden drilling in Kanzinze basin was done (see section 2.2.1). Holes were
drilled vertically on pattern of 8 x 9m though additional holes were drilled where

extra explosive force was required.

2.3.2 Charging and blasting

Charging of blastholes was similar to Kanzinze Basin (see section 2.2.2 for details)

2.3.3 Overburden removal (stripping)

Stripping of blasted competent overburden material in Izuma basin was done
using rope-shoves and front-end loaders (Plate 2.2), unlike in Kanzinze basin

where the BE 1260W Dragline was utilized for the same purpose.
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Plate 2.2: Overburden stripping using P&H 2100 Rope Shovel and Cat 777
Dump trucks in [zuma pit (Photo: Besa - 2000)

Since blasted material was retained in the highwall area as fragmented structure,
the overburden material was scooped up and discharged into trucks with relative
ease. Stripped overburden material was transported and dumped in [zuma dump

or within the mined out areas of the pit.

2.3.4 Coal extraction (Seam A)

Coal removal in the Izuma pit is accomplished by means of shovel/ front-end
loaders /truck unit operations (Plate 2.3). After stripping the competent
overburden material above the coal seam, the top of the seam was determined by

raw coal analysis of highwall samples from the previous cut.
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Plate 2.3: Coal loading using Cat. front-end loaders in conjunction with Cat

773 Dump trucks in [zuma pit (Source: John T.B - 1993 (9))

The top of coal is then drilled and blasted as discussed in section 2.2.1 and 2.2.2.
Blasted coal was loaded into trucks by shovels and the ROM coal transported by
trucks to the grizzly or ROM stockpiled for subsequent coal preparation plant
processing.

2.3.5 Interburden removal

Since the two coal seams are separated by an interval of sandstone with thickness
ranging from 0 to 2m, the sandstone was also removed as discussed in section

2.2.6.

2.3.6 Coal extraction (Seam B)

Seam B was also extracted as discussed in section 2.2.7.
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CHAPTER THREE

3.0 PREPARATION AND HANDLING OF COAL

3.1 Coal Preparation Plant

The coal preparation plant, was constructed by Vernot Plc of France and began
operations in 1970. Run-of-mine coal from the Kanzinze and Izuma pits is
transported using 45 and/or 76 tonne haul trucks to the coal preparation plant for
processing. At the coal preparation plant, incoming coal trucks dump the ROM
coal into the receiving hopper for onward processing. However, ROM coal is
sometimes stockpiled in the area when there is planned maintenance in the pit or
on the major equipment e.g. the dragline. Stockpiling allows continuous
production of coal in the coal preparation plant when there are no operations in
the pit. Coal stockpiling is expensive because of the rehandling costs involved and
it promotes formation of Acid Mine Drainage (AMD) (7) and should therefore be
minimized. At the receiving hopper, large lumps (approximately +500mm) that
cannot pass through the grizzley are broken up manually using hand-held hammers.
A reciprocating feeder (Figure 3.1) discharges coal from the hopper onto the belt
conveyor, which conveys ROM to the scalping screen that separates the ROM coal at
+150mm size. The +150mm material reports to a picking belt where rocks are
removed manually. ROM coal on the picking belt reports to the jaw crusher which

reduces the raw coal to -150mm before discharging to the silo storage conveyor,
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where it combines with the -150mm size fraction from the scalping screen. A 780
tonne capacity concrete silo, equipped with two vibratory feeders, is used to store

the raw coal before being processed.

Coal processing begins with a primary raw coal vibratory screen, which separates
the rounds (+40mm to -150mm) from the -40mm size fraction. The +40mm to -
150mm ROM coal reports to the round drewboy washer (Section 3.1.1) for
processing. The -40mm size is separated on two secondary raw coal vibratory
screens at +10mm separation with the -40mm to +10mm size reporting to the
medium drewboy washer for cleaning. Rounds (+40mm to +150mm) and medium
(+10 to -40mm) clean coal and reject products are dewatered on vibratory drain and
rinse screen to remove magnetite before reporting to their respective belt

conveyors. Following are typical operations of a drewboy washer.

3.1.1 Drewboy washer

Drewboy washers (Figure 3.2) are used to wash coal of size +10 to -40mm
(mediums) and +40 to -150 mm (rounds). These types of washers are used because
of their high float capacity and the lighter nature of coal (density = 1.56t/m3).
Approximately 76% by weight of ROM coal is processed through the drewboy

washer vessels.

The raw coal is fed into the separator at one end and the floats (clean coal) are
discharged from the opposite end by a star-wheel with suspended rubber, while

the sinks (coarse discard material) are lifted out from the bottom of the bath by a
26



radial-vaned wheel mounted on an inclined shaft. The medium (magnetite in fluid
form) is fed into the bath at two points i.e. at the bottom of the vessel, and together
with the raw coal, the proportion being controlled by valves. Clean coal and coarse
discard reject material from the drewboy washer is dewatered and rinsed to

recover the magnetite using magnetic separators.

Sink
tifters

(b)

Figure 3.2:  Construction of a drewboy washer (Source; Wills B.A - 1988)
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3.1.2 Jigbath

Fines (-10mm) from the two secondary raw coal screens were initially washed in the
jig bath. Jigs work on a principle of gravity concentration to separate coal fines from

coarse waste material (Figure 3.3).

Feed

Lighter fraction — W
- ” t

(coal particles) ater

L N NN N .

/ \
/ ﬂg@lilg

Jig Screen Action
Water

Heavv parclcles (tailings)

Rag ging

Figure 3.3:  Basic construction of a Jig bath

In the jig bath, the separation of minerals of different specific gravity is accomplished
in a bed which is rendered fluid by a pulsating current of water so as to produce
stratification (14). Particles of different specific gravity arrange themselves

according to sizes and specific gravity during the pulsating movement of the jig.
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Heavy particles (discard materials) sink and form the bottom layer while the lighter
coal particles float and form the top layer and are recovered. Later, jig baths were
replaced by the cyclones which used to treat fines more efficiently than the jig bath

thus increasing coal production.

3.1.3 Cyclones

Cyclones are continuously operating classifying devices that utilize centrifugal force
to accelerate the settling rate of particles (14). These were used to treat coal fines of
size +0.5to-10mm more efficiently than the jig bath. A typical cyclone (Figure 3.4)
consists of a cone shaped vessel, open at its apex or underflow, joined to a cylindrical

section, which has a tangential feed inlet.

e

— Overflow

Feed #CL T ) —

T Vortex finder

Apex valve

\/

Underflow
Figure 3.4:  Basic construction of a cyclone
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The top of the cylindrical section is closed with a plate through which passes an
axially mounted overflow pipe. The pipe is extended into the body of the cyclone by
a short removable section known as the vortex finder, which prevents short-

circuiting of feed directly into the overflow.

The feed is introduced under pressure through the tangential entry, which imparts a
swirling motion to the pulp. This generates a vortex in the cyclone, with a low-
pressure zone along the vertical axis. The classical theory of cyclone action is that
particles within the flow pattern are subjected to two opposing forces i.e. an outward
centrifugal force and an inwardly acting drag (14). The centrifugal force developed
accelerates the settling rate of the particles, thereby separating particles according
to size and specific gravity. Faster settling particles (coarse material) moves to the
wall of the cyclone where the velocity is lowest and migrate to the apex opening as
reject material. Due to the action of the drag force, the slower-settling particles (coal
fines) move towards the zones of low pressure along the axis and are carried upward
through the vortex finder to the overflow. Later in 1985, the CPP was upgraded (to
increase production) by addition of heavy media cyclones (HMC) which replaced the

already existing cyclones.

3.1.4 Heavy Media Cyclones

Fine coal (+0.5 to -10mm) is cleaned using heavy media cyclones. Heavy media
cyclones provide a high centrifugal force and a low viscosity in the medium
enabling much finer separations to be achieved (14). In the coal preparation plant,

20% of ROM is washed in the heavy media cyclones. Feed to the heavy media
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cyclones is deslimed at about 0.5mm to avoid contamination of the medium with
slimes, and to minimize medium consumption. The fine coal is suspended in a very
fine medium of magnetite and is introduced tangentially to the cyclone under
pressure. The sinks (-0.5mm) which are the tailings, leave the cyclone in the apex
while the float products (fine clean coal) are discharged via the central vortex
finder. Both sinks and floats are then washed, dewatered and rinsed to recover

the magnetite by magnetic separation.

3.2  Processed coal handling

Initially when mining operations commenced at MCL, all coal was transported by
road to Batoka loadout area. Coal from Batoka was loaded in rail wagons for
onward transportation to consumers. However, because of the expensive nature
of road haulage, bad state of the road from Maamba to Batoka and the rugged
terrain (because of the escarpment) between Maamba and Masuku (which did not
favour construction of rail or conveyor belt) a decision was reached to construct
the aerial ropeway from Maamba to Masuku. The aerial ropeway was
commissioned in 1971 to transport clean coal to Masuku Screening Plant. Clean

coal from Masuku is transported by rail to consumers.

3.2.1 Road haulage

Currently, due to expensive nature of road haulage, less than 5% of coal is
transported by road. Distance to markets and the quality of the existing road

infrastructure and the large number of trucks which must be employed to deliver
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any significant tonnage of coal makes road haulage expensive. The road from
Batoka to Maamba descends the face of the escarpment traversing relatively
rugged terrain making road haulage costly. The above constraints have lead to

most of the coal from MCL being transported by the aerial ropeway.

3.2.2 Aerial ropeway

The aerial ropeway was constructed by Pohlig Hanchel and Bleichert (PHB) in
1971 to transport washed coal from Maamba to Masuku. The ropeway (Plate 3.1)
is approximately 11.8km in length and traverses difficult terrain having a 680m

rise in elevation between the coal preparation plant and Masuku.

Plate 3.1: Aerial ropeway (Source: John T.B - 1993 (9))

It has a design capacity of 272 tonnes / hour with 365 carriers. Currently, an

average of, 119 carriers exist on the ropeway system. Clean coal from the coal
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preparation plant is received at the ropeway by conveyor discharging into a
revolving distributor feeding the carriers. From MCL, coal is transported by
ropeway to Masuku where the carriers are unloaded. At Masuku coal from the
carriers is reclaimed from the receiving hopper by vibratory feeder and

transported by belt conveyor to the screening station and rail loadout.

3.3 Coal Screening at Masuku

The aerial ropeway discharges coal to a receiving hopper which directs the coal to
either the ‘crushing and screening’ facility or to ground storage area. Coal is
reclaimed from ground storage by FEL which dumps coal into the hopper mounted
over the ground reclaims belt. Coal reclaimed from storage reports to one of the
two rail loadout bins. Coal is then sized to -80mm by two roll crushers and
conveyed to the screening plant. The screening plant utilizes two inclined

vibratory screens to create the following products (Table 3.1).

Table 3.1: Product size fractions at Masuku Screening Plant
No. Product Minimum size Maximum size
(mm) (mm)
1 Cobbles 30 80
2 Nuts 20 30
3 Peas 10 20
4 Mediums 0.5 40
5 Fines 0.5 10

These product sizes are discharged from the elevated screen to concrete bunkers. A
front-end loader is used to recover the coal from storage area and load the railcars.

The capacity of the screening facility is rated at 180 to 200 tonnes/ hour.
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CHAPTER FOUR

4.0 APPRAISAL OF ENVIRONMENTAL IMPACTS OF
MINING

Although Maamba Collieries Limited has had positive socioeconomic impacts on
the local and regional culture in the southeastern part of southern province in
Zambia, these have been offset by negative environmental impacts of the mining
activities in the area. The impacts include land degradation, pollution of surface

water bodies and air pollution (particulate dust and gaseous emissions).

Environmental issues at Maamba Collieries Limited have remained unaddressed
because of not having compelling environmental regulations when mining started.
Also, in light of the parastatal status and relationships of Maamba Collieries
Limited vis-a-vis other government bodies/agencies and economic pressures in
the past, relaxed approach had been applied relative to the interpretation and
enforcement of governing environmental regulations. Itis only recently that there
has been an increased global awareness of environmental concerns. The following
are the environmental impacts engendered by open pit mining operations in

Kanzinze and Izuma Basins of Maamba Collieries Limited.
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4.1 Environmental impacts in the Kanzinze Basin
4.1.1 Vegetation removal (Bush clearing)

Surface coal mining at Maamba Collieries Limited has profound effects on the
environment. During initial development of the mine, vegetation at mine site is
cleared using dozers. As a result of vegetation removal, indigenous species of plant
have been destroyed leaving the area bare. Destruction of these plant species may

in future end up with extinction.

The bare soil resulting from vegetation removal is vulnerable to various agents of
erosions e.g. wind, surface runoff etc. The newly exposed soil is also subjected to
new weathering, compaction and transport mechanism. Since Maamba coal and
overburden material are associated with pyrite, the newly exposed soil material
promotes formation of acid mine drainage that eventually joins the stream.
Surface runoff from these areas carries with them sediments that have silted and

clogged the Kanzinze River.

Loss of vegetation cover due to open pit mining operations has greatly contributed
to the loss of wildlife in Maamba area. Vegetation removal has interfered with
normal existence of flora and fauna leading to migration of wildlife from the

affected areas to quieter and less disturbed habitats.

4.1.2 Loose soil removal

Removal of loose soil (Plate 5.1 (a) and (b)) has resulted in extensive effects on the

environment at Maamba Collieries Limited. The newly exposed surfaces are prone
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to agents of erosion and runoff from these areas, which carry with them sediments,

end up in Kanzinze River affecting the water quality in the stream.

Exposed loose
soil bench

®)

Plate 4.1: (a): Stripping of soft overburden material with shovels (b) Stripped
soft overburden material in the background (Photo: (a) Besa, (b) Sinkolongo -

2000)
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4.1.3 Competent overburden (mudstone) removal

Stripping of competent overburden material overlying seam A in Kanzinze basin
is accomplished through drilling and blasting to loosen the material and
sidecasting of material within the pit by the dragline. Sidecasting of overburden
material has created undulating spoil ridges in Kanzinze basin making the area
visually unattractive. This has resulted in rugged terrain emanating from
excavations that have been created in the area. The excavations act as effluent and

leachate impoundment (Plate 4.2).

|_Buming spoils

Impounded water

Plate 4.2: Land disturbance and water pollution in the Kanzinze pit. (Photo:

Besa - 2000)

Overburden removal has also led to spontaneous combustion of sidecasted
sulphidic material (Plate 4.3). During combustion, gaseous fumes such as sulphur
dioxide, nitrous fumes and at times carbon monoxide are emitted polluting the air
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not only in the mine area but also in the Maamba Township and nearby villages.
Since overburden material occurs with pyrite, reactions between water, air and
the overburden results in the formation of sulphuric acid that finds its way in
Kanzinze River. The acid lowers the pH of water, leading to the destruction of

aquatic life in the stream (see stages and mechanism of acid formation below).

Buming spoils

Plate 4.3: Burning spoils in the Kanzinze pit (Source: John T.B - 1993 (9))

Stage 1

This stage is a relatively slow chemical or biological oxidation of pyrite and other
sulphide minerals near neutral pH, producing ferrous iron and acid (equation 1).
The step may be catalysed by the bacteria Thiobacillus Ferroxidans through direct

contact with sulphide mineral.

FeSz +7/202 + H20 ———  Fe2* + 25042* + 2H* ooovvvveeeseeescc (1)
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Stage 2

In this stage and in the presence of oxygen, ferrous iron is oxidised into ferric iron
which precipitates as ferric hydroxide and release more acidity (equation 2). As
the pH falls even further, below 3.5, ferric iron remains in solution and oxidises

the pyrite directly (equation 3).

Fe2* +1/402+ H* —— Fe3* +H20 .o (2)
Fe3*+ 3H20 —— Fe (OH)3 + 3H* oo (3)
Stage 3

At this stage, the bacteria rapidly catalyses the process by oxidising ferrous iron
into ferric iron and the overall rate acidity production is increased by several

orders of magnitude (equation 4)

FeS2+ 14Fe3* + 8H20 —— > 15Fe2* + 25042+ + 16H* ............... (4)

4.2 Environmental impacts in Izuma basin

Environmental impacts in terms of land degradation in Izuma basin are relatively
not as severe as in Kanzinze basin. This is because the Izuma pit is new as
compared to Kanzinze. However, the following environmental impacts are

observable in Izuma basin:

4.2.1 Vegetation removal (bush clearing)

Open pit mining operations in [zuma basin have led to loss of vegetation as a result

of bush clearing ahead of mining operations. This has resulted in destruction of
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the indigenous plant species in the area. As in Kanzinze basin, vegetation removal
has also resulted in migration of wildlife from the area to quieter and less
disturbed areas. Erosion during the rainy season is accelerated on the newly
exposed surface leading to increase in sediments in the Izuma stream, thereby

silting and clogging the stream.

4.2.2 Removal of loose soil

The removal of loose soil in Izuma basin has created varying impacts on the

environment which include:

1 Destruction of soil by altering its chemical characteristics, which
limits its use for agricultural purposes;
2 Accelerated erosion on newly exposed surfaces; and

3 Changing the landscape thus creating negative visual impacts.

4.2.3. Competent overburden (mudstone) removal

Stripping of competent overburden material in Izuma basin is carried out using
rope shovels in conjunction with trucks while lately the dragline is used for
prestripping purposes. Like in Kanzinze basin, competent overburden material
(mudstone) is first drilled and blasted before stripping (see section 2.2.1 and 2.2.2
for details). Stripped material was initially dumped in the Izuma dump across the
Izuma river diversion canal. Currently, the overburden material is dumped within
the mined out areas of the pit close to the coal face to reduce haul distance.
Environmental impacts of mudstone removal observed in Izuma basin are

outlined below:
40



4.2.4

Dumped material in [zuma pit is not graded affecting the area visually as
well as changing the landscape of the area;

Dumped overburden material is also prone to erosion and it increases
sediment loads in the Izuma River;

The pyrite found in overburden material reacts with water and air (oxygen)
forming sulphuric acid. The acid is washed in Izuma River lowering the pH
of the water in the stream; and

Overburden material in Izuma basin has led to spontaneous combustion
which has resulted in gaseous fumes e.g. CO2, SOz, NOx, and CO to be emitted

in the air.

Waste dumping

Exposure of coal in [zuma basin is done by rope shovels in conjunction with trucks.

Unlike in Kanzinze pit, stripped overburden material from Izuma pit is not

sidecasted but material is transported using dump trucks and dumped in Izuma

waste dump across the Izuma diversion canal. Environmental impacts of waste

dumping at Izuma are the following:

Waste has taken up large areas (6.4 hectares) of land destroying vegetation
and soil suitable for agricultural purposes. Destruction of vegetation might
also lead to extinction of indigenous plant species in the area.

Dumped overburden material has resulted in artificial hills creating

negative visual impact in the area.
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¢ Runoff from dumped overburden material (Plate 4.4) carries with them
sediments that silt and clog the Izuma stream.

e Since wildlife depends very much on dense vegetation cover, destruction
of vegetation at dumpsites leads to migration of wildlife to denser quieter

areas.

Plate 4.4: Erosion from Izuma waste dump (Photo: Besa - 2000)

4.3 Environmental impacts of rejects from CPP

Coal Preparation Plant produces two solid waste streams i.e. fine tailings and
coarse waste (Figure 4.1). The latter constitutes the +5mm material and is
transported by trucks to disposal areas. Fines constitute the -0.5mm and are

discharged into slurry ponds through flexible pipes for disposal (Plate 4.5).
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Figure 4.1:  Products from the CPP

Abandoned slurry
reclaim facility

G
s -

o

Slurry Discharge pipe

w.:v,,,"‘.‘b&._ <~ o

Plate 4.5: Slurry material from CPP allowed to settle by gravity (Photo: Besa
-2000)

4.3.1 Environmental impacts of discarded material

Marketable coal, coarse discard material and slurry are produced from the coal

preparation plant. Coarse discard material consists mainly of poor quality coal
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and carbonaceous shales from the drewboy washer and the heavy media cyclones.
After washing coal, coarse discard material from the drewboy washer combines
with coarse discard material from the heavy media cyclones and the combined
material discharged on the coarse reject conveyor that discharges into a truck bin

for disposal using dump trucks.

Initially, discard materials were disposed of in mined-out areas of the Kanzinze
pit. However, because of long distance from the coal preparation plant, which
resulted in high operating costs, disposal of discard material shifted to the area
along the Kanzinze river diversion canal (Plate 4.6) where the distance is relatively

short.

Discard dumps

Plate 4.6: Discard material dumped along Kanzinze river diversion canal

(Photo: Besa -2000).
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As a result of dumping discarded material in this area, the following impacts have

been created in the area.

1 Discard dumps have disturbed large area of land and vegetation. A total of
28 hectares of land and vegetation have been destroyed by the dumping
operations. Good fertile soils, which can be used for agricultural purposes,
have been destroyed by these operations;

2 Artificial hills have been created in the area resulting in negative visual
impacts. During rainy season, silt and fine coal particles from these hills are
transported by water into Kanzinze and Izuma rivers;

3 Dumped discard material have spawn in spontaneous combustion in the
area resulting in the production of gaseous fumes in the area. When the
gaseous fumes which are mostly SOx and NOx comes in contact with rain
water, they form sulphuric acid and nitric acid (see Chapter 5 for details of
acid formation) that eventually affect the vegetation, water bodies as well
as the soil; and

4 There is also a danger of contaminating ground water resources as a result
of seepage of acid water from the dumps. During rainy season, the pyrite
found in dumped material reacts with air and water resulting sulphuric
acid formation. The acid seeps / leak during heavy rains and contaminates

the ground water system and the nearby streams.

4.3.2 Environmental impacts of slurry discharge

Slurry material (-0.5mm) from the two desliming screens was initially discharged in

the thickener for process water recovery/recirculation and the thickened slurry

45



pumped at 500m3/hr to an impoundment area. Initial slurry impoundment area
consisted of a pond No.1 with three compartments (Figure 4.2). Each compartment

had a capacity of 20,000m3 and was 5 m deep.

Figure 4.2:  Location of slurry ponds

The initial concept of constructing the slurry pond in this manner was that, as slurry
was being discharged from the thickener, when the first compartment is filled up,
discharge of slurry was supposed to continue in the second compartment and then

third compartment.
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By the time the third compartment was becoming full, the first should have dried up
and dried material being removed by front-end loaders into trucks for further
handling. After emptying compartment 1, discharge of slurry was supposed to start
in compartment 1 while material in compartment 2 was being excavated and
disposed off. After filling compartment 1, compartment 2 was supposed to be ready
for filling and by the time compartment 2 was becoming full, compartment 3 was
supposed to be ready for filling. This cycle was supposed to be replaced over and

over. However, the arrangement failed because of the following reasons:

e The pond was constructed too deep to allow sunheat to penetrate lower strata to
dry up within anticipated time. Therefore, it was difficult to scoop wet material
as the material got stuck in the bucket.

e Percolation of water from slurry material was not possible because the location
and construction of the pond base was in impervious (mudstone) formation.

e The surface area occupied by the pond was not adequate and this made slurry

material to be confined thus reducing the drying rate.

After the failure of this arrangement, and when all the compartments of the slurry
pond were filled up, slurry material was then dumped in nearby valleys (Pond No.
2 and 3) surrounding MCL using 20.3mm diameter flexible pipes. This method is
currently being used to discard slurry material from the CPP. The disadvantage of
this method is that it has created extensive negative environmental impact in the
area. As a result of dumping slurry material in nearby valleys, extensive impacts

on the environment have been created which include:
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taking up considerable area of land, which has resulted in land degradation in
the area. A total of three slurry ponds exists (Figure 4.2) degrading an area of
over 6.4 hectares of land. Also two tailings disposal areas have been
constructed adjacent to the slurry ponds to allow reclaimed tailings from the
slurry ponds to be disposed of in the same area in drier state. These disposal
areas have degraded over 2 hectares of land.

Overflow water (Plate 4.7) from the slurry ponds, which carry with them
sediments, being discharged directly into the Kanzinze stream decreasing the
water quality in the stream.

Formation of AMD, (due to presence of pyrite in slurry material, its exposure

to oxygen and water) which is washed in the Kanzinze River.

Plate 4.7: Discharge of effluent from the coal preparation plant into the

Kanzinze River (Photo: Besa - 2000).
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4.3.3 Environmental impacts of process water and effluent discharge

Water used for cleaning coal is pumped into industrial tanks from Lake Kariba
pump station. Water for washing coal is pumped into the CPP at 300m3/hour from
industrial tanks. After washing coal, water is collected together with slurry
material in the thickener for process water recovery. Water recovered from the
thickener is pumped back into the CPP at 300m3/hr and is recycled within the CPP.
Recycled water is first neutralized with lime so as to avoid corrosion of pipes as a
result of acid water from the CPP. Although recycled water is neutralized with
lime, it is not done so often because of the costs involved in acquiring lime.
Currently, all the process water from the CPP is not recycled, neutralized and is
discharged with slurry material into the slurry pond in preference for fresh water

from Lake Kariba.

From the ponds, solids are allowed to settle by gravity while the overflow water
and seepage from an embankment (Plate 4.7) are discharged into the Kanzinze
stream without treatment. Results of direct discharge of untreated water into

Kanzinze River are:

e Jowering the pH of the water in the Kanzinze stream because the process
water from the coal preparation plant is acidic i.e. average pH is 4.5 (although
it also depends on the geology of the area). As a result of the low pH values of

water, dissolution of heavy metals like Zn, Cu, Pb, Cd, As etc. takes place;
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4.4

Process water also acts as the transport medium of suspended and dissolved
material from the CPP. Suspended materials are normally the fine coal
elements and other carbonaceous shales in ROM, while dissolved material are
the heavy metals dissolved in the acid water. Suspended particles reduce light
from reaching photosynthetic organisms in the stream, hence the reduction in
oxygen production (13). Existence of dissolved heavy metals in water in high
concentrations affects the water quality and may lead to the death of aquatic

life (7)

Environmental impacts of run-off-mine (ROM) and washed coal

stockpiling

When there is planned maintenance on the pit or on the major equipment, ROM

coal is stockpiled in the CPP area (Plate 4.8) to allow continuous coal production

in the CPP. Stockpiling of ROM coal has environmental impacts associated with it

which include the following:

Since ROM and washed coal contains pyrite, the stockpiled ROM and washed
coal is made to react with air and water resulting in the formation of sulphuric
acid. The acid which is formed is washed in the Kanzinze stream, lowering the
pH of the water in the stream thereby affecting the aquatic life. The iron oxide
forms a coating on the bottom of the stream and further limits the ability of
aquatic life to survive in this stream.

During rainy season, storm water runoff transports suspended solids from the

stockpile area into the Kanzinze River.
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= Stockpile areas occupy large surface area at MCL. Results of this study
(Chapter 5) show that about 1.2 hectares of land have been disturbed only by

ROM coal stockpiling.

Plate 4.8: Stockpiled coal at coal preparation plant which leads to acid mine

drainage (Source: John T.B - 1993 (9))
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CHAPTER FIVE

5.0 QUANTIFICATION AND EVALUATION OF
ENVIRONMENTAL IMPACTS

5.1 Land degradation

Mining operations at Maamba have been going on for three decades since its
inception and has been done through opencast mining. During the process of
mining, substantial amounts of material were moved out as coal and as
overburden, leaving excavations of varying depths and sizes in mined-out areas of
the Kanzinze and Izuma basins. The excavations and dumped overburden and
spoil material have created a rugged terrain, extensively changing the landscape
of the area. Therefore, in assessing the redevelopment potential of surface mining
and processing at MCL, the magnitude and geometry of the disturbed land was

quantified.

5.1.1 Survey area

Environmental impacts of mining operations on land were evaluated in the
following areas.
(a) Kanzinze basin
(i) Kanzinze pit

(ii)  Kanzinze discard dumps
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(iii)  Slurry ponds and the dry fine solid dump area; and

(iv)  Raw coal stockpile areas

(b) Izuma basin
(1) Izuma pit; and

(ii) [zuma waste dump

The study areas were chosen on the basis of them being the most affected in terms
of land degradation and were the major sources of water and air pollution in the

area.

5.1.2 Method of estimating surface areas

Total surface area disturbed by mining and coarse rejects from coal processing in
the study areas was computed using the method of coordinate (1). A traverse
survey was conducted in each study area using a GTS 701 Total Station.
Coordinates (x, y) of selected points around each area were determined (Appendix
A, B and C). From the survey measurements data for each study area was plotted
(as illustrated in Figure 5.1) and surface area determined using formula 1 (See

Table 5.1 for results).
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Figure 5.1:  Illustration of plotted survey points

Consider ABCDEA as a closed traverse around the study area, whose stations have

coordinates Ea, Na; Eg, NB; Ec, Nc; Ep, Np and Eg, Nk relative to the two axes.

The area ABCDEA is calculated as follows:

=[Area (ABPT) + Area (BCQP) + Area (CDRQ) - Area (AEST) - Area (EDRS)]

Which simplifies to:
n
1/2[ ZlNi(Ei+1 3 1) ) [OOSR (5)
i=
Where;
Ni = Northing at i th station

Ei+1 = Easting ati+1 th station

Eii  =Eastingati- 1 th station

5.1.2.1 Results and discussion

Results of the study are given in Table 5.1
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Table 5.1: Surface areas disturbed in study areas
No. | Study area Surface area
(m?)
1 Kanzinze pit 2165578.737
2 [zuma pit 509764.692
Total Pit area 2675343.429
3 [zuma dump 59429.237
4 Kanzinze discard dumps
Kanzinze discard dump 1 78284.084
Kanzinze discard dump 2 122685.790
Kanzinze discard dump 3 79608.447
Total dumping area 340007.558
5 Slurry ponds
Pond No.1 12270.828
Pond No.2 27771.617
Pond No.3 24686.887
Total area occupied by slurry ponds 64729.332
6 Stockpile area
Area No.1 99196.203
Area No.2 10256.540
Total ROM stockpile area 109452.743
7 Slurry dump area
Slurry dump No. 1 10172.896
Slurry dump No.1 10284.342
OVERALL SURFACE AREA DISTURBED | 3209990

Results of the study show that approximately 321hectares of land have been
destroyed by mining and waste dumping operations in the area. Since MCL have
been in operation for 3 decades now, it means therefore, that an average of 10

hectares of land is destroyed annually. With the current production at Maamba,
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the mine has a life of over 47 years, which means that over 470 hectares of

additional land will be disturbed before cessation of mining operations.

5.1.3 Method of estimating volumes of excavations and waste dumps

(a) Excavations

Computations of volumes of open excavations were done in Surfer Mapping
System, version 5.01. Coordinates (X, y) and elevations (z) of selected points
around and within the Kanzinze and Izuma pits were measured with a GTS 701
Total Station. Three methods (i.e. Trapezoidal, Simpson and Simpson’3/8 rules)
where used to compute the volume of cuts and fills and the net volume was
reported as the average of the three values. Cuts represent the volume of material
above the horizontal surface (to be defined) while fills represent the volume of

excavations below the horizontal surface (Figure 5.2).

Before volume computations, the horizontal and lower surface between which the
volume is calculated is defined. In this study, constant (horizontal) elevation was
used and allowed specification of horizontal surface. Constant horizontal surface
was used because surface elevations (which were going to be used as the top
surface) were not determined before commencement of mining operations at

Maamba.

56



Horzontal

Cuts Surface

EaT

Fills {excawvations)

Figure 5.2:  Illustration of cuts and fills

(b) Waste / discard dumps

Volume of material contained in waste and discard dumps were also estimated
using Surfer Mapping System. Coordinates (X, y) and elevations (z) of selected
points around the lower and upper surfaces of the dumps were measured with a
Total Station. Volume computations for waste dumps were performed on a solid
above the lower surface. Before calculations were done, the upper and lower
surface between which the volume is calculated was defined. After defining the
upper and lower surface, the volume was calculated using the volume command

and results displayed in a volume éomputation report (Appendix ).

5.1.3.1Results and Discussion

(a) Excavations

Results of the study (Table 5.2) show that a total of 13.8 x 10® m3 of excavations

have been created by mining operations in the Kanzinze and Izuma basins.
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Table 5.2: Volume of excavations created by open cast mining at Kanzinze
and [zuma basins.
No. | Study area Volume of Additional Volume
Excavations x 106 required
(m3) x 106 (m3)

1 Kanzinze pit 8.1 55.0
2 [zuma pit 5.8 1.8

Total 13.9 56.8

Of this volume, 8.1 million m3 of excavations have been created in Kanzinze while
5.8 million m3 is in Izuma. Results also indicate that 56.8 million m3 of additional
material is required to backfill these excavations (i.e. after dozing the volume of
material contained in cuts into these excavations). Volume computations from
plotted coordinates of Kanzinze and Izuma pits (Figure 5.3 (a) and (b)) reviews
that over 55 million m3 of additional material is required to backfill the
excavations in Kanzinze basin while 1.8 million is required in Izuma basin. The
backfill material required in Kanzinze basin accounts for over 96% of the total
volume of backfill material required at MCL. Since mining in Kanzinze basin has
been going on for over 28 years, it means, therefore, that an average of 290,000
m3 of volume of excavation is created annually while 390,000 m3 is created in

[zuma basin over the same period.
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Mining direction

Figure 5.3 (a): Plotted coordinates of Kanzinze pit showing excavations

created after mining operations.
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Figure 5.3 (b): Plotted coordinates of Izuma pit showing excavations

created after mining operations.
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Waste dumps

(b)

Results of the volume computations are shown in Table 5.3.

Volume of material contained in waste and discard dumps.

Table 5.3:
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Results of the studies (Figure 5.4 and 5.5) show that over 6.4 million m3 of

overburden and discard material have been dumped in waste dumps at MCL.

Kanzinze discard dumps account for 63% of the total volume while the rest is from

[zuma dump.
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Plotted coordinates of Kanzinze discard dump 1

Figure 5.4 (a):
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Plotted coordinates of Kanzinze discard dump 2

Figure 5.4 (b):

Plotted coordinates of Kanzinze discard dump 3

Figure 5.4 (c):
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Figure 5.5:  Plotted coordinates of Izuma dump

Since inception of mining operations, results show that over 4 million m3 of
discard material have been dumped in the area. Currently, 20% of the coal
preparation plant output from drewboy washer and the cyclones are discharged
as discard material in Kanzinze dumps. An average of 110,000 tonnes of discard
material from drewboy washer and 40,000 tonnes from the cyclones are
discharged annually from the coal preparation plant. This means, therefore, that
over 150,000 tonnes (20%) of plant input is discharged as coarse material into the
Kanzinze basin annually. Disposal of slurry material from the thickener has also
contributed to the decline of environmental conditions in the area. Discharged
slurry materials in nearby valleys have created negative visual impacts in the area.
Results of this study show that a total volume of 145,000m?3 (Table 5.4) have been

dumped in these ponds since inception of the CPP.
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Table 5.4: Volume of material dumped in slurry ponds

No. Study area Volume
(m3)
1 Slurry pond No.1 25,767
2 Slurry pond No.2 69,975
3 Slurry pond No.3 50,000
Total 145,742

When fine material in slurry ponds dries up, the ponds are emptied by front-end
loader / truck operations and material dumped in slurry dump area along the
Kanzinze River. A total volume of 47,052 m3 has been dumped in this area. An

average of 23,000 m3 of slurry material is discharged annually from the CPP.

5.1.3.2 Relative Error (RE) on volume computations

Three methods were used to determine the volume i.e., Trapezoidal rule,
Simpson’s rule and Simpson’s 3/8 rule. The difference in the volume calculations
by the three different methods gave the quantitative measure of the accuracy of
the volume calculations. If the three volume calculations are reasonably close
together, the true volume is close to these values. The net volume was reported

as the average of the three values.

The relative error for the volume results was estimated by comparing the results
of the three methods and was given as a percentage of the average volume. It was

estimated using formula 2.

RE =[ (LR-SR) /AVER ¥ 100 oot e (6)
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Where;

RE = Relative Error

LR = Largest results from the three methods
SR = Smallest results from the three methods

AVER = Average of the three method

Relative error was less than 0.5% in all volume computations (Table 5.5) which

indicated that the volume estimates were accurate and close to the true values.

Table 5.5: Relative errors on volume computations

Study Area Volume x 106 (m3) Average Relative
Trapezoidal Simpson | Simpson 3/8 Error (%)

Kanzinze pit 55.0134 55.0045 54.8819 54.9666 0.24
[zuma pit 1.77381 1.77566 1.77474 1.77475 0.10
[zuma dump 2.34887 2.34845 2.34468 2.34733 0.18
Kanzinze discard | 0.964117 0.963652 | 0.965642 0.964470 0.20
dump 1
Kanzinze discard | 2.078 2.07811 2.07806 2.078056 0.005
dump 2
Kanzinze discard | 1.02884 1.02843 1.02841 1.02856 0.04
dump 3
5.2 Water Pollution

5.2.1 Choice and location of sampling points

To determine the effects of mining operations and coal processing on the

environment, water samples were collected from different sampling points

(Figure 5.6), along the Kanzinze River and along its tributaries. Sampling points

were chosen on the basis of the following;

64




Kanzinze (P7) and Izuma (P3) upstream were selected on the basis that they
were going to give us the quality of the water before being polluted or before
the streams pass through mining and coal processing areas.

The Kanzinze (P2) and Izuma (P4) downstream were selected to determine
the amount of pollutants that were introduced in the streams as a result of
mining and processing operations.

Effluents from the coal preparation plant (P6) were also sampled so as to
determine the amount of pollution from the processing operations that join the
stream.

[zuma sump water (P5) was sampled to determine the quality of water
discharged into the water system from the Izuma central Sump.

Samples were also taken within the Maamba Township (P1) to determine the

effects of mining operations on the water within the township.
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Figure 5.6:  Schematic diagram showing location of water sampling points

5.2.2 Water sampling

Sampling was performed at river crossings where the river was safely accessible.
Water samples were collected using 1-liter plastic bottles and stored in cool boxes
containing ice cubes. At all times, samples were drawn as much as possible from
the middle section of the stream where much turbulence was usually observed (to
avoid sampling stagnant water). Samples were taken to Environmental
Engineering Laboratory at the University of Zambia for analysis. All samples were
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transported in cool boxes containing ice cubes to Environmental Engineering

Laboratory for analysis.

5.2.3 Results and discussion

Water sampling results are indicated in Table 5.6.

Table 5.6: Water sampling results.

PARAMETER SAMPLING POINTS

PL [ P2 [ P3| P4 [ P5] P6 | P7

p H 49 | 2584 ] 79 | 66 | 45 | 7.7
Turbidity (NTU) 632 | 109 | 2.4 | 281 | 198 | 586 | 3.51

Total Dissolved solids (mg/1) | 532 |[1090| 144 | 170 | 648 | 702 | 210

Total Suspended Solids (mg/1)| 140 | 294 | 90 166 | 256 | 894 | 108

Magnesium hardness (as mg| 220 | 268 | 132 96 72 | 140 | 28

CaC0s3/1)

Total Hardness 524 | 608 | 180 | 144 | 392 | 600 | 108
Iron (mg/1) 145.6 [299.5] 20.8 20 |47.7 1103 | 39.5
P1 = Maamba township

P2 = Kanzinze Downstream

P3 = [zuma Upstream

P4 = [zuma downstream

P5 = [zuma central sump

P6 = Effluents from CPP

P7 = Kanzinze upstream

(a) pH(Acidity)

The pH values for water samples in the Kanzinze and Izuma upstream showed
alkaline condition i.e. pH was 7.7 and 8.4 due to the fact that the streams do not
pass through pyrite bearing rocks making acid formation not possible. However,
as the water flow past the Kanzinze pit and the CPP, the pH dropped drastically to
2.5 as monitored at Kanzinze downstream (P2). The pH values of water at [zuma

downstream and central sump was alkaline and acidici.e. 7.9 and 6.6 respectively.
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As mining progresses and unreclaimed spoils accumulate, oxidation of pyrite will

further increase the pH of the central sump. Drastic reduction in the pH values at

downstream of Kanzinze can be attributed to the following: -

(b)

Disposal of dry slurry material, from the slurry ponds, along the Kanzinze
stream. The dry slurry material contains pyrite, which is allowed to react with
oxygen and water forming sulphuric which is washed in the Kanzinze River.
Runoff from stockpiled coal and the stockpile area into the Kanzinze River
diversion canal has also resulted in low pH. This is also because of the pyrite
contained in coal that is allowed to react with oxygen and water forming
sulphuric acid (see mechanism and stages of acid formation in section 4.1.3)
that eventually finds its way in the Kanzinze river diversion canal.

Direct discharge of acidic effluent from the coal preparation plant (P6), which
showed a pH of 4.5.

Discard dumps are all located along the Kanzinze river diversion canal.
Therefore, the pyrite in discard material reacts with the water (surface runoff)
and oxygen resulting in AMD, which would be responsible for lowering the pH

of the water in Kanzinze River.

Dissolved solids

Low pH values observed in the Kanzinze River have resulted in dissolution of

heavy metals. From the sampling results, Table 5.6 and Figure 5.7, the dissolved

iron and magnesium in the Kanzinze River were high at low pH values. This also

indicates that even other heavy metals e.g. Zn, Cu, Pb, Cd, As etc. might have
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dissolved in this water. Results also show that sources of dissolved solids are the

coal preparation plant and Izuma central sump.

1200

g
s 1000 g
g 7
= 800 g
= T
E GO0 5 e
= 4
It 400 3
5 2
o 200 1
. . 0 0
Sampling points
—=— Total Dissolved Solids (ma/l) 532 1090 144 170 548 702 210
— —Magnesium hardness (as Mg,
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Figure 5.7:  Variation of dissolved solid, Magnesium, Iron and pH at different

sampling points.

(c) Suspended solids / Turbidity

Suspended solids, like turbidity are the undissolved materials suspended in water

(13). Although seemingly insignificant pollutants, suspended solids have caused

pollution in Kanzinze River by;

¢ inhibiting light from reaching photosynthetic organisms thereby reducing

oxygen production (13); and

¢ Having deleterious effects to aquatic organisms.
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Figure 5.8:  Variation of Turbidity, Total Suspended Solids and pH at different

sampling points.

From the water sampling results Table 5.6 and Figure 5.8, coal preparation plant
and the Izuma central sump are the main sources of suspended solids and
turbidity. As the stream passes the coal preparation plant, the concentration of
suspended solids increased exceeding the maximum allowable concentration of

100mg/1 (Zambian standards for effluent and waste water).

5.3  Air pollution
5.3.1 Sampling points

Dust samples were collected in the following areas:

(i) Izuma open piti.e. during stripping, loading and coal drilling operations.
(ii) Coal preparation plant i.e. at grizzly, in the basement, screening and
crushing operations and the general conditions within the coal preparation

plant.
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(iii) Township i.e. Secondary school, Hospital, Market, Montrev, Golf club and

Button Mess (Figure 5.9)

Market

Golf Club -

Secondary
School

|
Hospital

Figure 5.9:  Schematic diagram showing location of dust sampling points

5.3.2 Method of data collection

The prepared slide coated with xylol solution was inserted into the Konimeter.
The release of a spring-loaded plunger draws a 5ml sample into the instrument
through a narrow jet discharging at right angles. Particles in the air samples are
collected by impact on the slide in the form of a “spot” and after each sample the
glass slide was rotated a few degrees to bring a clear space on the slide opposite
the jet. At each sampling point two samples were taken. After completion of
measuring process, the slide was removed from the Konimeter and taken to the

laboratory for analysis (counting).
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5.3.3 Counting

The slide was placed under the microscope (x150) and spots were identified and

counted (Plate 5.1).

Plate 5.1: Counting of dust and coal duct

A graticule was positioned over one spot at a time for counting purposes. Black
spots, which appeared under the microscope, were of coal dust and were counted
in parts per cubic centimeters (ppcc). After counting the coal dust, the glass slide
was removed from the Microscope and treated with Hydrochloric acid (HCL) to
remove carbonaceous matter and soluble salts from the slide leaving silica dust
stuck on the slide. The slide was treated as follows:

(i) The slide was first placed in the oven at a temperature of 550°C to burn out

the coal (carbonaceous shales);
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(ii) The slide was then immersed in 50% HCL to remove the soluble salts and

wash away the burnt coal.

The remaining silica dust on the slide was then counted under the microscope as

it was done with coal dust.

5.3.4 Results and discussion

Results of coal and silica dust concentrations are indicated in Appendix L.

(@) Coaldust

Sources of particulate coal dust during open pit mining operations were during
overburden and coal drilling, blasting operations, overburden and coal removal,
and also during loading operations (Figure 5.10). Coal dust is also emitted during

coal handling and processing within the CPP and partly in Maamba Township.
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Figure 5.10: Variation of coal dust concentrations at different open pit

operations.
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From the dust sampling results, the general external conditions during coal
drilling with an Airtrac had the highest coal dust concentration of up to 2225 ppcc.
However, minimum coal dust concentrations were recorded within the driver’s
cabin during dragline operations. i.e., concentration was 491 ppcc. Generally,
during open-pit operations, coal dust was higher as compared to the maximum
allowable concentration of 900 ppcc (Environmental Council of Zambia (ECZ)
standards). Higher concentration of coal dust during open-pit operations can be

attributed to the following:

¢ During drilling operations of both coal and overburden material, large quantities
of rock are pulverized to form dust resulting in coal dust emission in the area.

e Blasting operations also produce coal dust, which also contribute to high
concentrations.

e During stripping of coal and overburden material, high dust levels are
encountered which also contributed to high coal dust concentration.

e Loading of coal and overburden material also produces high coal dust

concentration within the pit.

Within the coal preparation plant, coal dust is produced in coal handling areas i.e.
grizzly, basement, screens, picking belt, crushers and on transfer points. From the
dust sampling results, the picking belt and the basement had the highest coal dust
concentrations i.e. 990 ppcc and 980 ppcc respectively (Figure 5.11) as compared
to the maximum allowable concentrated of 900 ppcc. The high coal dust
concentrations in the basement and picking belt was due to non-functioning of the

exhaust ventilation system (connected to cyclone collector) which was
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responsible for sucking dust from the basement. Since coal is handled dry at
transfer points, this produces high dust levels, which affects the workers as well
as the surrounding environment. Vibrating screens that are used near the picking
belt produced large amounts of coal dust. Since the material is screened in dry
form, this causes high concentration of coal dust at screening and picking belt.
Coal dust is also produced at crusher points within the coal preparation plant. The
crusher within the coal preparation plant is not supplied with the exhaust
ventilation and dust from coal crushing has not only affected the workers, but also

the general condition within the coal preparation plant.
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Figure 5.11: Variation of coal dust concentrations in the coal preparation plant

Within the Maamba Township, coal dust concentration was not as high as it was
within the mining and processing areas. From the dust sampling results, coal dust
concentration decreased gradually with increase in distance from the mining and

processing areas (Figure 5. 12).
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Figure 5.12: Variation in coal dust concentration within Maamba Township

Figure 5.12, shows that maximum concentration of coal dust within the township
was highest at Button mess which was nearest to the active mining and processing
areas. Golf club which was not as close as Button Mess, to the open-pit and coal
preparation plant, was next with average coal dust concentration of 165 ppcc.
Secondary School and the hospital which are furthest from coal mining and
processing areas had the least coal dust concentration of 25 and 23 ppcc
respectively. The coal dust concentration observed at the market, secondary
school and the hospital was due to spillage from coal trucks which transport coal
from Maamba to consumers.

(b) Silica dust

Apart from coal dust, silica dust is also emitted during open-pit and CPP
operations. During open-pit operations, highest concentration of silica dust was
recorded during loading of soft overburden material into trucks i.e. concentration
outside the truck was 508 ppcc while in the truck driver's cabin, it was 406 ppcc
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(Figure 5.13). These concentrations were high if compared to the maximum
allowable concentration of 350 ppcc (ECZ standards). Stripping of soft material
also produced silica dust of higher concentration than the maximum allowable
concentration. High silica content in the pit can be attributed to the fact that most
material (coal and overburden) are handled in dry state which results in high

emission of silica particles in the air.
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Figure 5.13: Variation of silica dust concentrations at different open pit

operations.

Within the CPP, the grizzly, basement, picking belt and the crushers, high silica

concentrations were recorded (Figure 5.14).
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Figure 5.14: Variation of silica dust within in the coal preparation plant.

In the basement and grizzly, the high silica concentration was attributed to the
non-functioning of cyclone type dust collector. Handling of the ROM coal in dry
state also contributed to the high silica dust concentration levels. At the picking
belt, high levels of silica concentration were as a result of the vibratory screens
where the ROM coal is screened in dry state. Since no exhaust ventilation is
provided at crusher point, the area had higher silica concentration because the
ROM coal is disintegrated emitting silica dust around the crusher and also within

the CPP.

In Maamba Township, concentration of silica dust was minimal when compared
to the maximum allowable concentration. From the dust sampling results (Figure
5.15), taken during the period April and May, it can be shown that concentration
of dust decreased with increase in distance from the mining and coal processing
areas. Golf club and Button mess which were closest to the mine had high

concentration of silica dust while the hospital and the secondary school which
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were furthest from the mine had very low silica concentration. The market

recorded high silica values because of the presence of people who, when moving,

cause silica dust to be emitted from the ground.
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Figure 5.15: Variation in silica dust concentration within Maamba Township
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CHAPTER SIX

6.0 REMEDIATION AND MITIGATION OF OBSERVED AND
QUANTIFIED ENVIRONMENTAL IMPACTS

Mining and processing of coal have considerable adverse impacts on land, water
and air and can initiate social impacts because of the need to displace settlements
and increased social amenities in the mining area. Despite the positive
socioeconomic impacts of mining operations and regional culture e.g. schools,
hospitals, housing, social amenities etc., these have been offset by negative
environmental impacts. Therefore, the negative impacts must be held to a
minimum. The following control measures have been suggested to reduce

negative environmental impacts in the area.
6.1 Land degradation

Coal mining operations at MCL have disturbed quite extensive land (321 hectares)
through direct removal of material in open-cast areas, changing the topography
and landscape of the area, and by waste dumping. These operations have created
severe aesthetic land degradation. Following mitigation measures have been

suggested to minimize the impacts of opencast mining operations on land.

80



6.1.1 Management of loose vegetative soil during pre-stripping

The existing topsoil around Kanzinze and Izuma basins is an important resource
and there should be provision for their stockpiling so that the soils will be
available for future rehabilitation. Soil resources within the pit limit should be
identified, described properly and assessed. Soil resources comprise all existing
topsoil, subsoil and potential soils forming materials. Where possible, soils should
not be stockpiled but transferred and restored directly on regraded spoils (14).
Where stockpiling is unavoidable, various soil types should be stripped and stored
separately in low heaps of not more than 3m high (14). Soil heaps should be
seeded with indigenous grasses to prevent erosion. Plans showing the location of

all soil heaps should be maintained.

Segregation of topsoil in the removal stage is of prime importance and they should
be replaced in mined out areas as it originally existed. To achieve this requires
that each layer be carefully excavated and placed in the area where relatively easy
recovery can be made. This is followed by leveling, placement of topsoil cover and

revegetation of the area with indigenous plant / grass.

6.1.2 Reclamation, backfilling and slope engineering

Mining is a temporary activity, which should be integrated with or followed by
other forms of landuse. Rehabilitation of mines should be aimed at clearly defined

future landuse for the area. In this study, the aim of rehabilitating the Kanzinze
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and Izuma pits areas is to construct a stable landform and establish self-sustaining
native ecosystem compatible with final landuse. From the results of the survey
measurements, the total surface area (that occupied by open excavations) to be
rehabilitated is 216.6 hectares in Kanzinze basin and 50.9 hectares in Izuma basin.
Rehabilitation of the pits should start with Kanzinze basin where more extensive
land damage has been done due to opencast mining with the Dragline. Since
relatively less land disturbance has been done in Izuma basin, environmental
control measures should be put in place on current mining operations so as not to
allow more damage to be created in the area. Rehabilitation work should be

divided into two:

(a) Landform design and reconstruction; and

(b) Revegetation of the reconstructed land.

6.1.3 Landform design and reconstruction

During landform design and reconstruction of stable land surface programme of

activities is divided in five phases.

Phase One

In Kanzinze pit, immediate action should begin by first pumping water that has

accumulated in the pit.

Phase Two

Earthmoving should follow and be concentrated on the spoils adjacent to the

Kanzinze river diversion canal. Earthmoving activities should begin by dozing
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cone shaped spoil material into the excavations within the Kanzinze pit towards
the mining area. Other material to fill the excavations within the pit should be
taken from discard dumps along the Kanzinze river diversion. Battering of pit
walls will also assist in filling the excavations within the pit and they will also
ensure stable slopes at the site. All scrap metals and rocks around the Kanzinze
pit should be pushed into the excavations also to assist in filling the pits. Many
areas in Kanzinze pit were left ungraded and unfilled, protecting roadway which

are no longer needed. These areas should also be filled with spoil material.

Phase Three

After filling the excavations, spoil peaks should be graded to a less steep angle, to
approximately pre-mining contour. This will promote stability and reduce the
velocity of water inflow and its subsequent erosive effects. Normally slopes will

be stable if they have similar gradient to natural slopes.

Phase Four

Spreading of rehabilitated areas with fertile topsoil of at least 0.5m thick will then
follow. The topsoil should be replaced along the contour where possible to help
in erosion control by reducing water flow downslope and increasing water
storage. Where possible, the topsoil should be immediately placed on an area
where the landform reconstruction is complete. Topsoil should be taken from

areas ahead of active mining.
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Phase Five

After completing the rehabilitation earthworks, the rehabilitated area will be
compacted as a result of the constant passage of trucks and other mobile plant.
Therefore, at the end of earthmoving, the area should be ripped in order to loosen
the surface and provide improved conditions for seed germination. During this
operation, some oversize rocks will be brought to the surface and these should be
collected into piles and spread randomly across the site to provide refuge for small

animals and reptiles that would be anticipated to recolonise in the site.

6.1.4 Kanzinze and Izuma pits reclamation cost estimates

Reclamation of Kanzinze and Izuma pits would involve backfilling of excavations
in mined out areas, dozing and grading of backfill material to the required slope
and revegetating the reclaimed area with suitable plant species. Reclamation
exercise will start in Kanzinze basin (approximately 5km from active mining areas
of Izuma pit) where more land damage has been done. Backfill material will be
transported from Izuma active mining area to Kanzinze pit area with dump trucks.
After reclaiming the Kanzinze pit, reclamation of [Izuma would follow involving in-
pit dumping, dozing and grading of the dumped material to the required slope.
Loading of backfill material will be done with a Rope Shovel in conjunction with
dump trucks while dozing and grading will be done with dozers and graders
respectively. Following are computations of cost estimates for reclaiming

Kanzinze and Izuma pits i.e. for loading, haulage, dozing and grading operations.
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6.1.4.1Rope shovel cost estimates (Loading)

At MCL, two rope shovels are in operation on stripping overburden i.e. P&H 1900
and P&H 2100. In this exercise, P&H1900 was used for calculations because it has
smaller capacity than P&H2100 i.e. P&H 2100 with larger capacity is left for
production. Material to be loaded will vary from loose topsoil to well fragmented

overburden. The following are cost estimates of loading operations using a

P&H1900 Rope shovel.

(a) Shovel Performance
Machine type: P&H 1900
Bucket capacity: 10m3
Average cycle time: 40seconds
Bucket fill factor: 0.95
Availability: 95%
Utilisation: 95%
Production per cycle: 10*0.95=9.5m3 / cycle
Number of cycles per hour: (3600*0.95*0.95)/40
=81 Cycles / hour
Shovel Production per hour = 9.5*81
= 769.5 m3 / hour
(b) Ownership and operating cost estimation

(i) Ownership costs

Purchase price:

US$4,000,000

Economic life (hours): 81,000
Economic life (years): 15 years
Operating hours: 5400 hours
Utilization: 100%

Depreciation (US$/ hour): 4,000,000 / 81000 = US$49.38 / hour

Interest rate (r): 10% (Source: Zambia state Insurance

Cooperation Limited (ZSIC))

Insurance rate (i):  2.5% (Source: ZSIC)
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(ii)

Interest (US$/hour): = [ P(r + H(N+1)] / (200NH) ...ovvvvvvvvcrnn 7)

=(4,000,000(0.1+0.025)(15+1))/ 200*15*5400
= US$0.49/hour

Total ownership costs (US$/hour) =49.38 + 0.49

= US$49.87 /hour

Operating costs

e Electricity consumption

Average electricity consumption by P&H 1900 Rope shovel
at MCL is US$37,500 per year (Source: MCL annual reports)

Electricity costs per hour =37,000/5400
= US$6.94 /hour

e Preventive maintenance (repair, Lubrication, grease,
fluids, etc.

=15 - 20% of energy costs - (Source: (2))
=15% *6.94
= US$1.04 / hour

e Operator costs

Internationally, annual shovel operator costs average
US$25,000. However, considering production performance
of MCL and the economic situation in Zambia, the amount is
relatively high. Therefore, a lower figure of US$10,000 per
year is ideal (will suit the Zambian conditions) and is used in
the calculations.

Operator costs (US$/hour) =10,000/5400
= US$1.85 /hour

Total operating costs =6.94 + 1.04 + 1.85
= US$9.83 /hour

Total ownership and operating costs (US$/hour)
=49.87 +9.83
= US$59.7 / hour

Shovel production costs (US$/m3) =59.7/769.5
= US$0.078 / m3
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6.1.4.2Material Haulage cost estimates

At MCL, 11 Dump trucks (777 (x7) and 773 (x4)) are available at MCL although
only 6 are in operation i.e. 777 (x4) and 773 (x2). In this exercise, a Dump truck
of Cat 777 specification was used in the computations as the smaller Cat 773 are

deployed on coal haulage with FEL. Cost estimates of material haulage with a 777B

dump truck were computed as follows.

()

(b)

Truck performance

Machine type: Cat777B

Capacity: 51.3 m3

Number of passes to fill: =~ 51.3/9.5=5

Loading time: (40*5) =200 seconds (3.3 minutes)

Dumping time: 0.2 minutes

Haul distance (maximum): 5km

Speed (loaded): 33km/hour (Manufacturer specification)

Speed (empty): 42km /hour (Manufacturer specification)

Travel time (loaded): =5/33*60 =9.1 minutes

Travel time (empty): =5/42 *60 = 7.1 minutes

Spotting time at shovel

and dumps = 0.25minutes

Truck cycle time: =33+9.1+02+7.1+0.25
=19.95 minutes

Availability: =95%

Utilisation: =95%

Truck production (m3/ hour) = ((0.95*0.95%60/19.95) * 9.5 * 5)
=128.93 m3 / hour

Number of Trucks required = 769.5/ 128.93
= 6 Dump Trucks

Ownership and operating costs

(1) Ownership costs
Purchase price: US$550,000
Economic life (hour): 43,200 hours
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Economic life (years): 8 years

Operating hours per year: 5400 hours

Depreciation (US$/hour): =550,000/43,200
=US$12.73 / hour

Interest (r) rate: =10%

Insurance rate (i): =2.5%

Interest (US$/hour) =550,000 (0.1 + 0.025) (8+1)/ 200*8*5400

(ii)

= US$0.072 / hour

Total ownership costs = 12.73 + 0.072
=US$12.8 / hour

Operating costs (US$/hour)
e Fuel costs (U$/hour)

=Engine (kW)*0.3(L/h/kW) *FJF *Unit costs of fuel (US$/L)
............................................................................................... (8)

FJF = Fuel Job Factor (The consumption rate of fuel is
dependent on age / condition of the engine, duty cycle, idling
time, operator skill and area condition. These are reflected
by the Fuel Job Factor (FJF) and the factor varies between 0.3
and 0.6. Since the machine is nearing the end of its economic
life, its performance is low with high fuel consumption.
Therefore, a FJF of 0.6 was used in the calculations.

Engine (kW) = 649 kW

Unit cost of fuel =US$ 0.800/L

Fuel costs =649 * 0.3*0.6*0.800
= US$93.46/hour

e Preventive Maintenance (Repair, lubrication, grease, etc.)

=15/100 *93.46
=US$14.02 / hour

e Operator costs

Average annual truck operator costs, internationally,
range from US$15,000 - US$23,000 (Source: (2)).
However, US$6500 would be more applicable to Zambian
conditions and was used in the calculations.

Operator costs (US$/hour) =6500/5400
=US$1.20/hour
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Total operating costs =93.46 + 14.02 + 1.20

=US$108.68 / hour

Total ownership and operating costs

=12.8+108.68
=US$121.48 / hour

Truck Unit haulage costs =121.48 /128.93

6.1.4.3Dozing cost estimations

= US$0.94/m?

Dozing of backfill material will be done with a D7G dozer. Two dozer units are

available at MCL i.e. D8L and D7G. D7G was used in the calculations because the

D8L has a high power rating than D7G and will be left for production (i.e. for coal

face clearing, vegetation clearing ahead of mining areas and Ropeway jobs).

Estimates of dozing operations costs are computed as follows:

(a)

Dozer performance

Machine type:
Swell factor:

Dozing distance (maximum)

Dozing speed:

Cutting speed:
Spread time:
Return speed:

Dozing time:
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Cat D7G
1.65

23m
2km/hour (Dozer transporting load
in first gear - Manufacturer
specification)

0.45min

0.12min

6km/hour (Maximum return speed of
the dozer is 8km/hour. However,
because of the conditions and
performance of the dozer, a speed of
6km/hour was used in the
calculations)

0.023/2 = 0.69min



(b)

Return time: 0.023/6 = 0.23min

Dozer cycle time: 0.45+0.12+0.69+0.23 =1.49min

Blade loading 11.7m3(From manufacturer
specifications)

Availability: =95%

Utilisation: =95%

Dozer production (m3/hour) =

= ((60*Blade loading * Swell factor)/ Dozer cycle time))
................................................................................................. (9

= (0.95%0.95*60*11.7*1.65)/1.49
= 701.59 m3/ hour

Ownership and operating costs

(1) Ownership and operating costs
Purchase price: US$200,000
Economic life (hours): 43,200 hours
Economic life (years): 8 years
Operating hours per year: 5400 hours
Depreciation (US$/hour) =200,000/43,200
= US$4.63 /hour

Interest rate (r): =10%
Insurance rate (i): =2.5%
Interest (US$/hour):

=(200,000(0.1 +0.025) (8+1))/(200*8*5400)

=US$0.026 /hour
Total ownership costs =4.63 +0.026

= US$4.66 /hour

(ii)  Operating costs

e Fuel costs
Engine (kW): 149 kW
Fuel costs (US$/hour) =149*0.3*0.6 * 0.800
=US$21.46/hour
e Preventive maintenance
=15/100 * 21.46
= US$3.22/hour
e Operator costs
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Dozer operator annual income range from US$15,000 to
US$20,000 internationally. For Zambian conditions,
US$6000 is ideal and is used in all calculations.

Operator costs (US$/hour) =6000/5400

=US$1.11 /hour

Total operating costs =2146+3.22+1.11

= US$25.79/hour

Total ownership and operating costs

=4.66 + 25.79
= US$30.45 / hour

Dozer production (US$/m3) =30.45/701.59

6.1.4.4Grading cost estimates

= US$0.043/m?

Currently, MCL has one operating grader i.e. 16G/1. This type of grader was used

during estimating costs of grading operations. The following are computations of

grading costs.
(a) Grader performance

Machine type:

Cat 16G

Speed (Forward and Reverse) 7.2km/hour (Manufacturer

Distance (maximum)

Grading (Forward) time:
Reverse time:

Turning time:

Swell factor:

Blade load:

Grader cycle time:
Availability:

Utilisation:
Grader production

Specification- driving in gear 3)
50m

0.050/7.2 = 0.42min
0.42min
0.10min
1.65
3.1m3 (Manufacturer specifications)

=0.42+042+0.1

= 0.94min

=95%

=95%

= (0.95*%0.95*60*3.1*1.65)/0.94
=294.66 m3/hour
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(b) Ownership and operating costs

()

(ii)

Ownership costs

Purchase price =US$385,000
Economic life (hours) = 43,200
Economic life (years)(N) = 8 years
Operating hours per year (H) = 5400 hours
Depreciation =385,000/43,200
= US$8.91/hour

Interest rate (r): =10%
Insurance rate (i): =2.5%
Interest (US$/hour)

=(385,000(0.1 + 0.025) (8+1))/(200*8*5400)

= US$0.05/hour
Total ownership costs =891+ 0.05

= US$8.96 /hour

Operating costs

e Fuel consumption

Engine (kW) = 186kW

Unit cost of fuel =US$0.800/L

Fuel costs =186 *0.3*0.6 * 0.800
= US$26.78/hour

e Preventive maintenance
=15/100 * 26.78
= US$4.02 /hour
e Operator costs
Internationally, grader operator’s annually income range
from US$15,000 to US$20,000. For Zambian conditions,
US$6000 per year would be ideal and is used in the
calculations.

Operator costs =6000/5400
=US$1.11/hour

Total operator costs =26.78 + 4.02 + 1.11
=US$31.91/hour

Total Ownership and operating costs
=8.96 + 31.91
= US$40.86/hour

Grader Production cost (US$/ m3) =40.86/294.66
= US$0.138/ m3
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Table 6.1: Total unit costs of loading, hauling, dozing and grading operations

No. | Operation | Machine type Ownership/ Production | Production
operating costs costs costs
(US$/hour) (m3/hour) | (US$/ m3)
1 Loading | Rope shovel 59.7 769.5 0.078
2 Haulage | Dump Truck 121.48 128.93 0.94
3 Dozing Dozer 30.45 701.59 0.043
4 Grading | Grader 40.86 294.66 0.138
TOTAL 1.198

Therefore, to load, transport, doze and grade a cubic meter of overburden material
would cost US$1.198 (Table 6.1). Rehabilitation of Kanzinze and Izuma pits
requires 55.8 x10¢ of backfill material and approximately 1.34 x 10® m3 of topsoil
material (to least 0.5m thick layer). Total volume of backfill material required to
fill the pits would be;

=55.8x10m3 + 1.34 x 106 m3
=57.14 x106 m3

Total cost of rehabilitating Kanzinze and Izuma pit (268 hectares of land) would
be:

=1.198 *57.14 x106 m3

= US$68,568,000

= US$68,568,000.00
Computations show that a total of US$68,568,000.00 is required to rehabilitate the
Kanzinze and Izuma pit areas. MCL alone cannot afford this amount without
government assistance. Therefore, the government, through the MENR should
provide incentives (e.g. giving subsidies to importation of rehabilitation
equipment, tax holidays, provision of loan for rehabilitation exercise, etc.) that will
Rehabilitation work in

encourage MCL embark on rehabilitation exercise.

Kanzinze and Izuma pits should be an ongoing prog