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ABSTRACT

This research work presents the economic assessment of mining techniques practiced on
veins 1 and 17 of Azara barytes deposits in Nasarawa State. The mechanized, semi-
mechanized and artisanal mining techniques were appraised based on certain economic
indices such as productivity, extraction cost, selling price, importation trend and net
profit. Global Positioning System (GPS) was used o take readings of veins 1 and 17 and
determine their coordinates which were then transferred (o the topographical map.
Statistical Package for Social Sciences (SPSS) was used for the statistical analysis of the
data collected * for economic indices such as daily, monthly and annual productions and
cost of production used for assessing the three mining technigues. The data were
subjected 1o analysis of variance (ANOVA), while Duncan’s Multiple Range Test was
used to verify significant differences among the treatment means at the 5% probability
level. Polynomial regression curves between productivity (v) and extraction cost (x) for
the different mining techniques were determined using Microsofi Excel (R).Results of the
study showed that semi-mechanized method satisfied all the set economic indices more
than other methods, thereby emerging as the most suitable mining technique used in the
area, Semi-mechanized method recorded the highest productivity of about 33,500 tonnes
per annum, while mechanized and artisanal productions were only limited to about
23908 and 13,050 tonnes per annum respectively, due to technical and financial
problems. Results also indicated that lower exiraction cost and higher net profit for semi-
mechanization gave it an edge over other methods, despite its lower selling price and
ever-increasing importation level, It was however, observed that lack of {unding, poor
management, incessant flooding and inadequate working equipment were the greatest
obstacles facing sustainable barytes production. Therefore, adequate funding and
technical supports have been indicated as a recipe for the re-organization and integration
of the present artisanal mining in the area into formal mining sector.
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CHAFPTER ONE

INTRODUCTION

Barytes is the most common and abundant ore mineral of Barinm. Barytes is a
combination of Banwn and Sulphur, [n its natural form, barvies is composed of
Barium Sulphate. According to Fromosele (2003), it is represented in the
elemental description as BasOy because its principal constituent’s elements are
Baron (Ba()), 32.50% and Sulphur (5), 51.10%. Nwoko and Onyemaobi (1997)

analyzed Azara barytes ore and found its barium content o be 98%.

Its demand as & major raw material in the o1l industry has necessitated a need for
regular supply of petroleum production. Barytes occurs as veins filling the
fissures in the sedimentary rock (Aderotove, 1998). It is formed by the process
known as sccondary enrichment. Brobst (1994) described a class of baryles as
occurring in vein and cavity filling deposits. Nwaosu (1998) also categorized vein
deposits as those formed as a result of the filling of cracks in the earth crust. The

vein thickness is usually non-uniform and not bevond ten (10) metres,

MSMD (2003) indicated barytes deposition mostly in hydrothermal veins in fauls
and [ractures within the Benue Trough ol Nigera, notably in Benue, Taraba,
Cross River and Nasarawa States, The Middle Benue Trough within which Azara,
the study area, is locuted, is particularly endowed with huge barytes potentials that
can adequately serve the oil industry. Government's estimates (MMSD, 2008) put
barytes reserves in Nigena around 10million metric tonnes. However, despile

1



these endowments, barytes exploitation is yet to meet production targets in
Nigeria due 1o shorifalls in its supply. According to Adegboye (2003), Nigeria
consumes about 120,000 metric tonnes of barytes per annum and the demand may

rise 1o 300,000 metric tonnes by the yeur 2010,

In view of this challenge, production constraints have been identified as major
obstacles facing regular sourcing and utilization of barytes in Nigena. While
Government’s estimates (MSMD, 2005) put barvies production by informal
miners at 99.5%, Umar (1999) and Bida (2004) cited major constrains facing a
typical mining company operating within Azara barytes veins. These include lack
of capital, unfriendly business climates, lack of infrastructures, aged and
inadequate equipment and incessant flooding. These problems have placed the
artisanal miners at the centre of mining baryvtes and other mineral deposits thereby
limiting production capacity to insignificant volume. Damisa (2(07) parily
attributed the root cause of the problems to the indigenization policy of early
19705 which drove away foreign investors from Nigeria. This has given way to
Government™s domination over private sector-led mining activities; hence, total
neglect of the solid minerals sector by successive Governments. Adamu (2005)
also identified bank™s reluctance 1o invest in the sector as a major contributor o
the problem. Miners are solely dependent on bank™s funds but banks are
conservative in their lending since the solid minerals sector has not yet been
developed (Barsky, 1999). Amoka (1998) also cited the need to import

equipment, machinery and spare parts for mineral exploration, mining and



1.1

processing, which cost huge foreign exchange and involve stringent importation

processes, as part of the problem.

However, studies have shown that the mining sector has the potentials to atiract
Foreign Direet Investments (FDI) [or aceelemted growth in the economy (De
Gregorior, 2004). Adeghboye (2007) opined that these potentials could be
translated into sustainability, only if’ the random and pick-rooting nature of the
artisanal miner’s operations were upgraded and controlled to 3t inlo conventional
mining methods. This requires not only a change in Government’s orientation
towards solid minerals development, but also the need to address the shortage of
indigenous professionals and technical manpower facing the sector (Nwude,
2007). According to Worth (1991), relaxation of conservative and stringent
conditions for small mining companics can also help them attain greatness in
production in future. Competent private investors will readily open up barytes
deposits, if artisanal miners” operations are adequately integrated. This will boost

their production and expand their operational capacity.

Objectives of the Study

The specific objectives of this research work are to:

(a)  carry out the economic analysis of mining techniques for Azara barytes
deposits; and

(b}  determine economic models for Azara baryies production.



1.2

Jdustification

The decline m local production and supply of barytes for the preparation of
drilling mud in petroleum production in Nigeria has become a major source of
concern over the years, The urgent need to boost its production has, therefore,
necessitated a review of the present mining technigues emploved in working

barytes deposits.

In view of under development, wasteful mining and other associated problems,
huge cconomic losses rather than anticipated profits have been recorded. An
attempt to boost local production through the ban on barytes importation could
not even salvage the situation. Henee, allowing competent private investors to
come in and expand the horizon and operational capacity of artisanal and small-
scale miners appears to be a feasible alternative (Salati and Amoka, 2007). The
improvement of their local technology is also key to achieving this goal, since
they control the production of minerals to & large extent (Nashuni, 2003). A
combined effort through a private sector-led initiative could be an impetus to
achieving the 2010 target of 300,000 metric wonnes of barytes demand per annum

set by Adegboye (2003).

Hence, the choice of barytes as one of the “seven sitratepic minerals’ by the
present government (Ishola, 2008) is a welcome idea. It is only hoped that such a
lofty policy would be wvigorously pursued through objective and holistic

unplementation. This study, therelore, appraises the economic oullook of the



major aspects that are central to boosting barytes production in Nigeria. Table 1.1

shows the GPS readings al veins 17 and 1 of Azara, Nasaruwa State,



Table 1. 1: GPS Reading at Veins 17 and 1.

VEIN POINT | ELEVATION | COORDINATES | COORDINATES
(M) (NORTH) (EAST)
17 1 113 08722254 009°17.554"
17 3 11 08"22.279" 009"17.568'
17 3 113 08722 293! 009"17.585'
17 4 116 08722 280" 009"17.607"
17 5 113 08°22.268" 009717618
17 6 114 08"22.248" 009717.552"
17 7 113 08"22.224" 009717.696"
17 8 114 08"22.204 009"17.725"
17 9 119 08"22.183" 009"7.715’
17 10 108 08221557 009"17.698"
17 11 111 08"22.175' 009"17.671°
17 12 112 08°22.203" 009"17.638'
17 13 114 08°22,218" 009"17.595
17 14 114 08722 240" 009"17.587"
I I 151 08°20.431" 00917513
1 2 148 08"20.460" 009"17.481"
1 3 147 08720.474' 009"17.436'
1 4 145 08720.487' 009" 7.401"
1 5 143 08°20.473" 009"17.369"
1 6 146 0E"20.447" 009717.359"
1 7 151 08"20.426' 009%17.427"
1 8 153 08"20.415" 009°17.483"
1 9 144 08"20.473" 009M7.500"
[ 10 142 08"20.506" 009717473
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Location and Accessibility of the Study Area

Azara, the study area and headquarters of Azara Development Area 1s located
under Awe Local Government Area of Nasarawa State. The town is located 97
kilometres South-Fast of Lafia, the State capital. It lies between latitude 8" North
and longitude 9" East and is accessible through Kanje, a village located on Lafia-
Awe Benue road (axis). Kanje stretches to Azara through a 23 kilometre untarred
road. Figure 1.1 shows the topographical map of Azam, indicating veins 17 and 1

respectively.
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Figure 1.1: Topographical Map of Azara indicating barytes Veins 17 and 1

{(Modified Afier the Federal Surveys, Nigeria, 1967).
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Figure 1.2 also shows map of Nasarawa State, showing the study area and other

neighbouring barytes mineralized zones,
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Figure 1.2: Map of Nasarawa State showing Arara and other neighbouring barytes

mineralized areas (Adapted After Aderotoye, 1983).
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1.4

Owecupation, population and other information about Azara community

Azara falls within the Middle Benue Trough located in the Middle Belt Zone of
which Nasarawa Stale s part. The wea has high annual rainfall and good

vegetation that supports farming to a large extent. Azara has & population of about
20,000 people.

The initial occupation and means of livelihood of Azara people include farming,
fishing along some part of River Benue, as well as salt mining which had been
carried out for two (2) centuries up to date. Many agncultural products are
produced within Azara, with rice farmers scattering along the Benue Valley.
Fishing is carried out along River Wuse and other rivers around Azara. The rivers

also serve as sources of water to the people.

At present, barytes mining has become a dominant occupation of Azara indigenes
alongside other means of livelihood like farming and fishing, Presently, hundreds
of residents and indigenes within and outside Azara are seriously engaged in

barytes mining, taking it as their sole occupation and main source of livelihood.

The two main seasons namely, rainy {wet} and dry season afford the people in the
ares o carry out their ocoupations of farming/fishing and mining respectively.
During the dry sesson, mining sctivities are carried oul intensely, while in the
rainy season (when the minmg pils are ooded), the fanmers and Oshenmen retlum

to their farms and rivers respectively.

11
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1.6

Briefl history of baryies mining in Azara

According to Eromosele (2003), barytes deposits were discovered in Azara in the
early 1960s. Exploratory search lasted for aboul 4 decade, between 1975 and 1985
by the Nigeria Mining Corporation. The Nigeria barytes Mining and Processing
Company (NBMPC) Limited, incorporated in 1988, was charged with the
exploration and exploitation of barytes in Azara and any part of Nigeria where it
i found.

The company (NBMPC Lid) was whaolly owned by the defunct Nigeria Mining
Corporation (NMC) with its headquarters i Jos. Initial reconnaissance revealed
cighteen (18) veins in areas like Azara, Aloshi, Akir, Wuse and Keana in Awe
Local Government Area. Out of these eighteen (18) veins, detail exploration
works were camed out on five (5) veins and these established a total of seven
hundred and thirty thousand (730,000) metric tonnes of barytes, Veins 1, 2, 5, 17

and 18 are the five veins presently in use.

Previous works done

Though geological prospecting and reports on Nasarawa State barytes are scanty,
Umar (1999) and Bida (2004) reporied initial reconnuissance work covering
Azara and Wuse/Akiri districts across River Wuse. The work carried out by the

defunct Nigerian Mining Corporation (NMC) between 1975 and 1985 under

12



exploration camed out on fve (5) out of the ecighteen (18) veins further
established an indicated reserve of about 730,000 metric tonnes. The remaining

thirteen (13) veins are yet to be fully explored,

Offodile (2002) reported a ground water hydrology of about 24m for Awe
formation of the Middle Benue Valley within which Azara falls. The borehole
results for the formation indicated a water depth of about 19.30m, while the nsa
of water in borehole attained 9.3m. During mining activities, however, water is
sometimes noticeable at a depth of about 10 to 15m, especially in the water —

lodged arcas of the study arca.

All the previous works carried out showed that the deeper open cast barytes
deposits in Azara have been extracted by mechanized and semi-mechanized open
cast mining methods between 1984 and 2004 (Umar, 1999 and Bida, 2004). But
artisanal mining had already taken over around 1998, when the operation

machineries could no longer be maintained, and the depth of working had gone

beyond economic mechanical operation.

13



2.0

2.1

CHAPTER TWO
LITERATURE REVIEW
Geology of the Study Arca

Azara falls within the cretaceous sedimentary series in the Middle Benue Basin.
Barytes bearing veins in the Azara lode occur as lenticular bodies within
sandstone and clays at the fracture zones (Aderotoye, 1998). The veins are open-
space fissure filling and are characterized by pinching and swelling, Figure 2.1

shows a typical vein deposit.

14
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Figure 2.1: Typical Veins Deposits Such as those Occurring within the Benue

Trough (Modified after Nwosa, 1998).
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2.2

The veins trend generally in the N-S direction. A few of them trend in NW-SE
direction, It contains tiny vulgs measuring aboul few millimeters 1o 2 centimetres,
The veins sirike is 0° or 180" and the dip is steep or vertical (80 — 90"). Other
strikes obscrved are between 110" and 120°. The veins dimensions also vary from

0.5m to 4m in width by 100m to 1km in length. The thickness is, therefore, about

3.5m.

The Awe formation within which Azara is located was deposited as passape
(transitional) beds during the late Albian. Carly cenomanian regression. The type
locality is in the town of Awe where the thickness is about 100m, The formation
according to Obaje et al (2006), consists of flaggy, whitish, and medium to
coarse-grained calcareous sandstones, carbonaceous shales and claystones. The

sandstones become finer grained and more micaceous towards the base with fine

current beddings.

Associated minerals are gangue of iron probably (FeCO; siderite), sulphide and
quartz {Aderotoye, 1998) which tend to reduce the specific gravity of the

unprocessed barytes (MSMD, 2003).

Opencast Mining Methods

Barytes deposits have been exploited by opencast mining technigues in recent
tmes using bolh conventional and manual means. The [ollowing mining
techniques have, thercfore, been identified for working barytes veins such as

those in the study area, Azara;

14



1.2.1

Mechanized Mining Technigue

In mechanized mining, mineral deposits are worked in accordance with the
slipulated rules and standurds, adequate equipment and best mining practices hat
safeguard both economic and safety interest. Hartman (1987) argued that the
mechanical extraction class (such as opencast mining) emplovs mechanical
processes in & dry environment to free minerals from the earth. Mactadzean and
Tyler (1990) cited the working of baryles veins situated at a very high altitude by
open-casting. Frtts (1990) also reported large scale barytes mining, with shafts
sunk as decp as 150 metres, and tunnels about 1.609 kilometer in length. Working
levels could reach 198 metres to 195 metres, thus indicating great depths of
underground mining.

Drilling and blasting are the initiating processes of exposing and loosening a
mechanized open pit mine. According to Mallo and Nwude (2007), blasting
process involves drlling and cleaning of blast holes, loading the holes with a
suitable explosive and igniter or detonator, stemming the hole and firing or sctting
off the charpe. Explosive materials consist of explosives and firing devices. The
degree of rock fragmentation, however, depends on the amount of explosives used

as the spacing and burden of the drill holes (Isife and Adeloye, 1999).

Excavation and loading entail the extraction and movement of the matenal or ore
to the haulage vessel (Nwosu, 1998), According 1o Bzhevsky (1983), haulage
units have been identified thus (Hartman, 1987): loading, traveling loaded,

dumping and traveling emply. Cost of haulage constitules about 50 to 70% of the
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total unit cost of mining. Isife and Adelove (2001) argued that such cost of
hauling is lessened matenally by introducing haulage vehicles or by replacing

hard labour by mechanical hauling.

Waste disposal involves dumping of unwanted rock materials in waste dump. The
most practical way of disposing barren rocks i3 by dumping into mined out space
(Nwosn, 1998). The use of waste — dump excavators, plough and bulldozer to
carry oul such operation has been idemtified (Rzhevsky, 1985 and Rzhevsky,

1987). Waste disposal is, however, sometimes incorporated in production cyele.

Dewatering is used to solve flooding problems partially or completely in open
cast mine to avoid jeopardizing safcty and productivity, Umar (1999) and Bida
(2004) observed that persistent flooding of mines could potentially lead to
damage of mining ecquipment, stoppage of mining activities and staff
retrenchment. Dewalering, however, ensures the stability of bench high-walls and
open-pit banks (Popov, 1971). Nwude and Mallo (1999) have advocated the use
of submersible dewatering pumps which have the inherent advantage of simply
adding airline extensions at great deaths. Hendricks and Dahlstrand (1979) also
argued that it is very difficult to operate with much water in the pit, while its
presence in the pil walls usually reduces slope slabilily. Waler allects blasting,
equipment, operation and maintenance, road construction and even ore gquality.

Plate 2.1 shows dewalering process al Azara,
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Plate 2.1: Dewatering in Progress at Azara
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Opencast operations also require slope stability measures to safeguard lives and
properiies in the mines. Akande and [dris (2006) argued that the development and
protection of infrastructures, home and natural resources constitute a major need
for a siable slope. Failure along pre-existing structural discontinuitics formed

through intact rock may give rise to rock slope instability in a mine,
Semi-Mechanized Mining Technique

In semi-mechanization, mine development, drilling and blasting are done
manually, while haulage is fully or partially mechanized, The search for higher
ore recovery mostly necessitates semi-mechanized mining, especially in special
geological situations. Umar (1999) cited the use of selective mechanized stripping

of overburden and manual wining of ore in Azara barytes deposits which occur in

OATTOW YEins.

Bida (2004) also cited semi-mechanization of barvies veins which is sometimes
necessitated by lack of funds and incessant flooding. The semi mechanized tribute
sysiem was employed to mine very narrow veins with minimal dilution. Amoka
and Ogunbajo (2003) reported the use of semi-mechanized methods for mine

development, drilling and blasting as well as haulage in a number of surface

MITNEes.
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1.1.3 Artisanal Mining Technique

Artisanal mining method involves mining with minimal capitul and labour
requirements. Miners involved are generally unskilled, using simple implemenis
such as diggers, shovels and spades {Amoka and Ogunbajo, 2003). Akande and
Amos (20035) reported artisanal mining of barytes veins with implements such as
diggers, shovels, hammers and so on. Plates 2.2 {a) and 2.2(b) show artisanal

miners working along Azara vein deposit.
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Plate 2.2 {(a): Miners working manually along Azara vein Orientation.
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Plate 2.2 (b): Miners working maunually along Azara Vein Trend

In cases where rocks are encountered such are manually drilled and blasted to

fragment the rocks.

The pits worked with this technigque could be as deep as 20metres and more than 2
kilometres in length. Presently, barytes veins in Azara, the study ares, are largely
being won manually. Semi-mechanization is, however, used o complement
artisanal mining operations in order to achieve higher ore recovery. Akande and
Adebimpe (2007) also identified artisanal mining as a means of reducing poverty

among rural dwellers, when properly exploited. Plate 2.3 shows local miners

working inside a pit at Azara.
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Plate 2.3: Local Miners working in a pit



2.2.4

Loto (Sub-Surface) Mining Technigue

Lotoing is an artisanal and smali-scale mining device whereby small underground
openings are created in an open mine W gain access and win ore maximally. The
innovation targets higher mineral recovery and hence, higher productivity. Mallo
{2007} identified sub-surface “loto’ mining as an unscientific method of mining
mineral deposits. The method involves the sinking of vertical cylindrical pits of
various depths 1o establish contact with the mineral. Once the mineral deposit is
struck, it is won through horizontal excavation in the direction of the deposit.
Figures 2.2 and 2.3 show loto mineral deposits and profile of loto workings

respectively.
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Figure 2.2: Sub-surface “Loto” mining of thin and thick mineral deposit
(source: Mallo,2007),
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h - depth; w - width; S/ 2 - half subsidance

Figure 2.3: Subsidence profile of Lote workings of various widths

(source: Mallo, 2007).
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Amoka and Ogunbajo (2003) reported loto mining around Plateay, Kaduna,
Miger, Osun, Kogi and Edo States. In Azara loto mining is not pronounced as the
normal artisanal mining method has gained prominence, except around vein |
where “anitromising veins” (veins with a network of formations) are worked.
Akande and Amos (2005), however, reported the creation of large open pit holes
due to unplanned and indiscriminate mining around few veins al Azara. A major
disadvantage of loto mining is the susceptibility of hanging walls to caving which

poses a threat 1o miners” lives.

Uses of Barytes

Barytes has a lot industrial uses. It is exiensively used as slurry in the preparation
of drilling mud for well drilling in the oil industry (Umar, 1999; Bida, 2004). This
singular use as a weighing agent or weight fillers in oil well drilling mud
consumes more than 90% of world’s production of barytes (MSMD, 2003). Since
it is the chief constituent of lithopone paint, it is used as colour pigments in paints
and textile industrics (Adetoroye, 1998; Umar, 1999, MSMD, 2004). It is the
main source of Barium chemicals and also finds application in glass making,
Eromosele (2005) has also identified the use of barytes in the making of animal
feeds, fertilizers and so on. The whitish colour of Azara barytes and its high
specific gravity (5.G) account for its better use in the puper industry, It is also

used for coagulating rubber in rubber processing industry, even in the absence of
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sulphur which helps in vulcanizing rubber, The ability of barytes to absorb

gamma radiation makes it useful in concrete for nuclear shielding.

Grade (Specific Gravity) of barytes

There are two broad grades of barytes. These are high specific gravity grade

(High S.G) and low specific gravity grade (Low 5.G).

The grades are commonly called high grades and low grades respectively. The
grades are measured in specific gravity unit of measurement which can be
determined in the laboratory, A grade that falls below 4.0 (8.G) is classified as
low grade baryte, whercas a grade that rises above, between 4.2 (5.0) and 4.5
(8.G) is classified as high grade. The high prade is that which suits the oil and gas
industry. This accounts for its high demand and higher cost. For example, at
Azara mining site, the low grade barytes sold for between two thousand naira
(N2,000) and three thousand naira (N3,000) for a metric onne, whereas the high
grade sold for five thousand naira (N5,000) for a metric tonne as at 2005
{(Eromosele, 2005). Cumrently, low grade barytes sells for four thousand naira
{IN4,000) while a high grade sells for six thousand naira (N6,000) and above per

metrie tonne.

However, Government's reports (MSMD, 2003) cited low specific gravity (5.0G)
as the premise on which lack of patronage of Nigeria's baryles by (he major end-
users, especially from outside Nigeria, is based. While Bida (2004) put the
average specific gravity of Azara baryies at 3.8 for the five (3) currently worked

29



vein deposits, Nwoke (1997) attributed the low percentage of such impurities as
FezOy and S510; in Azara baryles W ils upgraded sialus geared towards meeting
the specifications of oil and gas companies. This iz in addition to the fact that
upgrading and blending ellorts were being made at different periods w meet the
minimum APl (American Petroleum Institute) standard of 4.2 (Umar, 1999; Bida,
2004). Price of barytes products varies across the world markets depending on
purity and conformity to APL There is, therefore, need for latest standard
experimentation to determine and confirm the actual grade of barytes deposits in

Azara and neighbouring areas.

However, it is interesting to note that at Port Harcourt, the price is remarkably
higher as a metric tonne of high grade barytes sells for about twenty thousand
naira (N20, 000). This is apparently because there are both processing factories
and refinerics there (Eromosele, 2005). This product could also be locally
processed and sold as finished product for delivery to refineries in Nigeria. It is
particularly interesting to know that a metne lonne of finished product sells tor

one hundred and twenty thousand naira (N120, 000).

According to [CON Groups (2007), a wonne of barytes at the international market
sells for $325 and above (aboul N37, 375). This, therelore, implies thal Nigerian
barytes stands a bright chance of eaming huge revenue for the country’s economy
from the international market, if exported. Although mineral markel and prices
are unpredictable and are subject to frequent fluctuations und inflation (Amoka,
1997), Nigerian baryles markel enjoys a very compelilive siluation. Such a
competitive market faces price increase, better patronage and consequently,
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greater revenue (Campbell, 1999}, It is, therefore, hoped that barytes exploitation

and processing in Nigeria would be improved upon to atiain this expectation.

Demand and Supply of Darytes

The world anmual output of barytes has risen in the early 2000s, with production
increasing from 5. 8million wetric tones in 2000 1o an estimated 7.8million melric

tonnes in 2005, an average growth rate of over 6% per annum.

Demand for drilling grade barytes has increased exceptionally strongly since 2003
{Roskill, 2007). In the longer term, oil and natural gas are expected to increase
their share of total energy requirements from 62% in 2005 to 67% in 2020, which
will increase demand for drilling grade barytes in exploration and development.
There has been a rapid decline in production of Barium carbonate in the Western

world, with a significant move 1o China.

World's barytes reserves in 2006 are estimated to be approximately 200million
metric tones. China and India together account for almost 60% of the woild's
barytes reserves and resources. The only other country with substantial barytes

reserves is the USA, which hias 9% of the world™s iotal.

China has been the largest producer of barvies [or many years, but during the
19%0s it strengthened ils posilion, accounting for 52% o 2005, compared with
30P% in 1990. The LISA is easily the larpest barytes consumer, accounting for 52%

in 2005, compared with 39% of world demand in 2005, some 87% of which was
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imported (Roskill, 2007). In contrast, China is the other major barytes consumer,
accounting for 13% of world demand, although in this case demand was met

entirely from domestic production.

In Nigeria barytes production from Azara declined drastically in 1993 and 1994
due to fall in demand (Umar, 1999). As at 1999, the total baryles requiremments
remained around 60,000 metric tonnes per annum. But this target could not be
met due to continuous decline in production amidst increasing local demands.
Bida (20(M) reported that barytes production from Azara rose from about 2,200
metric tones in the year 2000 to about 3,400 metric tonnes and 5,000 metric tones

in the years 2001 and 2002 respectively.

Government reports {(MSMD, 2003) put 150,000 metric tonnes of barytes as the
estimated annual demands in Nigenia, while about 40,000 metric tonnes were only
attainable. This low production figure, amongst other factors, is occasioned by
lack of patronage of Nigeria's barytes by the major end-users, especially from

outside Nigeria

Three US companics account for about 85% of world’s sales of drilling ~ fluids

(Roskill, 2007). These are Ml — SWACO (42%), Baroid Dnlling Fluids {30%)
and Baker Hughes Inteq (13%). They also control a significant proportion of
barytes production and processing cupacily world wide, Umar (1599) also ciled
certain oil drilling companics which contmucted Azara barytes products to service

their ngs.
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These include M — 1 Drilling, Baroid Drilling Chemical Products Ltd., Dowell

Schlumberger and Millpark Nigeria,

Demand for Barium chemicals is expected to rise more slowly as the growth of
LCD and plasma TVs displaces bariwn carbonate in tradilional CRT technology,
Overall, a growth of 2-3% in the barium chemicals market is expected through
2015 (Roskill, 2007), Fillers are the thid significant market for baryles,
accounting for 600,000 tonnes or 8% of world’s consumption in 2005, About half
of this is used in the automobile industry, The market for filler applications is

expected to grow to abowt 2.5% per annum by 2015.

33



CHAPTER THREE
3.0 METHODOLOGY

3.1 Malerials

The approach to this research was through data collection methods soch as field
measurements, personal interviews, personal observation and photopraph shots. Global
Positioning System (GPS) was used to determine the coordinates of barytes deposits in
the study area, which were then transferred to the topographical map. Personal interviews
granted by field engineers, production supervisors and former chief executives of defunct
companies in the area were complemented by rescarcher's personal observations of
operations and equipment used. Photographs of the various spots, eguipment and
operations were also taken in addition to World Wide Web data collection for global
comparison. Data collected for economic indices such as daily, monthly and annual
productions, as well as cost of production were used for assessing the three (3) mining
methods (mechanized, semi-mechanized and artisanal mining technigues) and were
analyzed using Statistical Package for Social Sciences (SPSS).

32  Approach to Data Analysis

Statistical Package for Social Sciences (SP55) was used for the statistical analysis of all
field data collecied. The data were then subjected (o for analysis of vanance (ANOVA) al
o =0.05, while Duncan’s Multiple Range Test was used to verity significant ditferences
among the treatment means at the 5% probability level.

Polynomial regression curves between productivity (Y) and extraction cost (X) for the
different mining techniques were determined using micro-soft Excel (R).
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ANOVA (Analysis of Variance) is a statistical technique used to compared three
or more sample means o determine whether they differ significantly or not. Here
we are comparing the mean productivily, extraction cost, selling price of barytes,
importation trend and net profit, with respect to the three methods of extraction
{Mechanized, Semi-Mechanized and Artisanal) and were found to be significantly
different from each other.

Duncan Multiple Range Test is a multiple comparison technique applied after
ANOVA had detected a significant difference among the sample means. It used to
determine which pair of treatment means differ significantly in order 1o possibly
recommend any of them,

R* means the Coefficient of Determination. It measures the percentage of the
variation in the dependent variable (Y) that is explained by the variation in the
independent variable (X). it used to determined the adequacy of the model. The
closer the value of R to 1 the more adequate the model,

In this research, R* = | implies that 100% variation in the productivity (Y) is
explained by the variation in the extraction cost. Hence, the polynomial regression
model fits the data adequately.

R* = 0.3662 implies that only 36.62% of the variation in the productivity is
explained by the variation in the extraction cost. Hence, only 36.62% of the
productivily can be explained using the polynomial model.
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3.3  Economic Analysis

Barytes production employs different exploitation methods which require
adequate economic appraisal in order lo determine their profit potentials. But
before any economic analysis or decision making can be undertaken, the
operating and capital costs of equipment must be cstimated (Rungel, 1998), At
Azara costs of mechanical equipment could not be undertaken as all the machines

previously used for baryles mining are presently dilapidated and rotien.

However, costing of simple implements and production materials used by
artisanal miners has been done to justity their usage and profitability of the entire

mining project.

But another socioeconomic analytical technique that enable meaningful
evaluation owver larger period of time (and where discounting is actually
incorporated in the process) is the Benefit — Cost method. In this method the
present value of all quantifiable potential benefit arising from a given project
{¢conomic, social and environmental) are summed up and compared with the
present value of all corresponding costs. As long as the ratio of the cumulative
present value of the benefits to the cost is unitary or exceeds one, the potential
project is socially desirable. Rudawsky (1986) summed up the method
algebraically thus:

i=n i=n

_EnEi{1+r}"'+E Ci{li+r'"31 (1)
i= =

Where

Bi= values of the annual benefits, Faa
Ci= values of costs, -
n= expected life- time of the project, and

r—= the social discount rate.
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Production Evaluation

During mechanized mining an average of 95 tonnes of barytes were produced per
day around 1987, Thus, for 22 effective days, (22 x 95 about 2090 tonnes were

produced monthly),

Therefore, (2090 x 12) about 25,080 tonnes of barytes were approximately
produced per anoum. Semi mechamized peak mining period (1991 — 1997),
however, witnessed higher production per day as an average of 130 tonnes of

barytes were produced daily,

Histrulid and Kuchta (1998) also defined cash flow of a mining project as the net

inflow of money that occurs during a specific period.

Thus, For 22 effective days (22 x 130), about 2,860 tonnes were produced

monthly, So, (2,860 x 12) approximately 34,320 tonnes of barytes were produced

annually.

On the other hand, semi mechamzation during the glut period (2000 — 2002)
wiinessed serious cul in production. About 13 — 18 fonnes of baryles were

produced daily.

Thus, for 22 effective days (22 x 13 or 22 x 18), about 286 to 396 tonnes were
produced monthly, while (286 x 12 or 396 x 12) about 3,432 1o 4,752 tonnes of

barytes were approximatcly produced during the said period.

During artisanal mining (2005 — 2007) an average of 75 tonnes of barytes were

produced daily. Thus, 22 effective days produced about (75 x 22) 1,650 tonnes of
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barytes monthly. Anoually, about (1,650 x 12) 19,800 tonnes of barytes were
produced.

14.1 Revenue and Expenditure

An average of 75 tonnes of barytes are extracted by the artisanal miners duily at
Avara. Therelore, at about N5,000 naira per tonne of baryles, approximately sum
of (N5,000 x 75 tonnes / day) N375,000.00k is expected to be generated daily as
revenue [rom sale of barytes. A breakdown of expected monthly and annual

revenue generation is thus given below:
75 wonnes x 22 effective days = 1,650 tonnes/month
Therefore, 1,650 tonnes x 5,000.00k = N& 250,000

So, about N&,250,004 is expected to be generated monthly at Azara, if daily sale

targets of barytes are met.
1650 tonnes/month x 12months = 19, 80{0tonnes/annum
So, 19,800 tonnes/annum at 5,000onnes = N9, 000,000

Therefore, about 99 million naira is expected to be generated from barytes sales at

Azara anmually,

38



Breakdown of expenditure is also given below:
Drilling and blasting N100,000 / day
Excavation and haulage

{Fuelling and lubrication cost) N25,000 / day
{Labour cost) NI1E.000 / day
Dewatering (Tuelling & labour) N7.000 / day
Waste disposal N4,000 / day
Wooden support (for slope stability support) N1, 250
Total N1S5,250

Since about N155250 is spent daily on mining operation al Azara, monthly

expenditure is about (N155,250 x 22 effective days) N3,415,500.
Therefore, about (N3, 415,500 x 12months) N4, 986,000 is expended annually.

Apari from the above, other expenses incurred by the miners include the

following:

Federal Government {on every departing trailer daily) N3,600
Local Government M3, 000
Miners association levy (State Government ) NS00
Community development levy NS00
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Total N7,600
Grand total monthly = N228, 000

Grand total annually = N2, 736,000

Royalty is also paid monthly by miners to the tune of (N10,000) ten thousand

naira. Thus, annually & total sum of N120,000 is paid as royalty,

Therefore, total expenditures at Azara are as follows:
Total monthly expenditure

- Expenses relating to mining operations directly N3,415,500

- Levies to government and others N228.000
- Royalty N10,000
Total N3,653,5040

Total unnual expenditure

- Lxpenses relating to mining operations directly MN40,986,000

- Levies to government and others N2,736,000
- Royalty N120,000
Total N43.842,000
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342 Net profii
The net profit generated by mining operations at Azara is caloulated as follows:
1. Manthly Gross Profit = Gross Revenue  Operating expenses
= NE,250,000 — N3,653,500 = N4,596,500
{Monthly Gross Profir)
Therefore, Monthly Net Profit
= Monthly Gross Profit — Tax =
N4, 096,500 — (228 000 + 10,000)
= N4, 596,500 - 238,000
= N4, 358,500 (Net Profit per Month)
2, Annual Gross Profit = Gross Revenue — Operating Expenses
= N9, 600,000 — N40, 986,000 = N58, 014,000
{(Annual Net Profit)
Therefore, Annual Net Profit =
Annual Gross Profit- Tax -

N5E, 014,000 — (2,736,000 + 120,000)
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= N58,014,00 — N2,856,000
= N55,158.000 { Annual Net Profit)

It can be seen from the above calculations that as much as fifty-five million naira
i5 realized annually from mining business al Azara. [ is interesting W note that
despite this amount, the miners are still lefi with excess profits of seven (7) days
which were deducted from thirty working days of a month (only 22 effective
working days were used in the revenue calculations and part of expenses

calculations).

However, artisanal miners work everyday including weekends, thus the estimated
production figures are actually less than what is expected in terms of profit

penerated.

Cost of Extracting 2 Tonne of Azara Barytes

The following calculations show how much it costs to extract a tonne of Azara

baryles per day:
Average productivity per day = T5tonnes

Labour cost per day = N18,000 o
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Therelore, cost of mining a tonne of barytes per day is N1&,000/75ionnes

35

= N24{/tonnes/day
This shows that an approximated sum of N240 15 spent to

extract a lonne of barytes from Azara deposits. The ability of the operators o
minimize such cost and maximize profit to be generated it, therefore, an important

consideration especially when costs of processing and beneficiation are involved.

Economics of Equipment Utilization

Adequate ufilization of mining equipment safeguards economic interests limits
wasteful mining and reduces environmental damages. Costing of such working
equipment is, therefore, predicated upon careful economic analysis of certain

indices that determine their use in a particular environment.

Mechanized working barytes deposits involve the use of heavy duty equipment
and machinerics. Nwosu (1998) opined that modern practice in surface mining
wilnesses a bias for semi continuous flow technology. This prnnciple of
mechanization permits systenmlic ulilization of working equipment in accordance
with orderly prescription of mine work schedule. Equipment mine design has,
hence, been viewed as a way of boosting productivity and work efficiency n

mining operations,

Different large equipment can be used for large scale mining while artisanal
mining tools such as diggers, shovels, head pans; eic could also be optimized
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some extent, This is necessary especially in a situstion whereby Artisanal and
small scale mining remains the only option {or survival for a small mining
community such as Azara in Nasarawa State. Such recommendation should be
iade easier by preliminary costing of mining equipment, machinerics and other
accessories (both mechanized and manual) used to exploit and process barytes.
The correlation between the working eguipment/tools and their production as well

as productivity capacity is an important determinant of mine economy.

Barytes Fragmentation

The method of exploiting any mineral deposits depends on a large extent, the
geology and other factors of the mineralized area. Basically, mechanized mining
guarantees not only high ore recovery but also higher production rate due to the
usage of machine and equipment Dut in the absence of adequate capital and
working equipment, manual labour through the wse of simple implements
generates moderate to low ore recovery and at lower production, This is
especially true for artisanal mining which is prone to the application of unguided

principles.

However, average output per blasting of Azara barytes depends on the following

factors regardless of the mining methods used:
I. depth of dniling

2. nature of impurities
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3. width of the vein

4, MNumber of holes (depending on the width and length of the exposed

porlions).

Depending on the above factors, therefore, average tonnage or output per blasting

at Azara (at artisanal mining level) is put at between 5 to 7 tonnes (e.g. at vein 1).

Sometimes the recovery is higher due to manual maneuvering within the pit holes.

Mining Methods and Equipment

In mechanized mining, bulldozer and scrapper are mostly employed for stripping
operation, while compressor - driven drill wagon is used for primary drilling. For
secondary drilling, jack hamper is most suitable. On the other hand, artisanal
mining uses diggers mostly 10 open up the veins and load using shovels and other

loading simple implements,

While mechanized blasting employs the use of explosives and accessories in
suitable and measured quantity (Mallo and Nwude, 2007), artisanal mining only
uses any available matenal (such as houschold electric wire) to cammy out such
operalion; somelimes such operstion (blasiing) is carried oul in a quile simplistic

manner by artisanal miners (Amoka and Ogunbajo, 2003).

The following explosives and accessories are wsed in Awara for blasting

operslions:

- pink gelatine (for aquiver environment) due to its water resistance ability;
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- ANFO (Ammonium Nitrate and Fuel Qil). This is mostly used for non-

aquiver environment, especially in the dry scason;
- detonating cord
- plain detonating cap or electric detonating cap
- safety fuse.

Delays are not used in Azara. Concerning spacing and burden in blasting process

al Azara, two factors are normally considered. These include:

i. nature of orientation of veins;
ii. Level of inclusions {richness or poorness) of the vein portions,

Since the vein swells up and thins at intervals along its direction of occurrence,

the design of spacing and burdén has to be done to suit such pattern of orientation.

Also, at richer portions the rate of drilling is faster and the charging materials
should be minimal o avoid over-fragmentation. Al poorer portions {(where there
are inclusions of quartz, heamatite, magnetite, etc) rate of drilling is slower and
more clharging malerials are reguired o improve [ragmentation. So, due o the
peculiarity of Azara vein deposits, spacing and burden should be lefl o the
discretion of the blasting engineer, depending on the nature of vrientation as well
as the inclusions in the veins. Plate 3.1 below shows charging process [or blasting

ul Emo —Ashupure Mining Company sl Arara.



Plate 3.1: Charging and Preparation for Blasting at Emo-Ashapura
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3.8

In the rainy season when the depth of working intensifies, dewatering becomes a
major operution which often leads 1o suspension of mining activities, Artisanal

miiners in Azara tackle dewatering using mostly *Yamaha' brand water pump.

The propeller pump works spirally, suctioning or drawing water and pumping it
out 1o the surface. Water pumped out is still used for washing barytes. In a fully
mechanized mine, submersible pumps and bigger spiral pumps that use big litter
engines are mostly emploved (Nwude and Mallo, 1999), Such spiral pumps range

from three (3) 1o eight (8) inches in size,

Mechanization and Artisanal Mining

Mechanization involves the use of machines and equipment whose technological
complex tends to achieve the required production capacity in the working of a
mine. On the other hand, artisanal mining involves manual application of
techniques and implements and often without legal backing in working a mineral
deposit, Nwosu (1998) opined that 2 mechanized equipment complex must ensure
safe production, maximum extraction of ore and exploitation of all types of ores
present in the deposit. These key elements are not evident in artisanal mining
aclivities, hence inadequate working and production. Al inceplion (in 1984), the
open-cast mining of baryiles at Azara was [ully mechanized and this continued for
almost a decade before the down-turn in operation. Major reasons Tor stoppage of
operations by the defunct Nigerian Mining Corporation (NMC) include lack of

finding by the Government and instability of baryles markel. Bul despite the
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continued long-era of artisanal mining, Government's supports are still not
forthcoming, even amidst relatively stable market situation. Plate 3.2 shows an

abandoned Excavator used by the NMC at Avara.
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Plate 3.2: A dilapidated Excavator Used by the Defimet NMC at Azara.
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The following are thercfore the inherent advantages derivable from mechanizing

Azzara barytes deposits with a particular motive of achieving oplimum production:

Effective handling of the following:

Moderate - to - high ore recovery

- pit dressing

- Dewatering

- Stability of the hanging wall
- Waste haulage

- Materials haulage

- Better work organization

- improved safety measures

- Highly reduced environmental degradation, compared to artisanal mining,

ele

However, mechanization of Azara barytes veins will definitely limit the number
of workers o be engaged as compured W arlisanal mining which presently
employs large number of people. Nonetheless, mechanizing Azara barytes has a

number of advantages which will not only guarantee the required optimum



barytes production but will also safeguard safety and environmental conformity.

Plate 3.3 shows an excavator removing overburden at one of the veins in Azara,
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Plate 3.3: Overburden Removal in Azara
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On the other hands, artisanal mining of Azara barytes veins presents the following

problems associated with mansal workings:

- due to vertical stress acting on the hanging walls as a result of continucus
working without adequate supports, mnminent collupse of such (hanging

walls) is evident, which poses a great threat to the lives of miners;

- at great depth of working oxygen (Os) is insufficient and this exposes

miners to danger of suffocation;
. such mining activity 1s characterized by low production rate;
- insufficient capital is a continuous barrier to operational growth;

. there are no readily available facilities to tackle sudden natural

occuwrrences, such as flooding and the likes;

. miners do not work with adequate safety gadgets and this exposes them to
further operational hitches ;

. Children are used as labourers, while women are exposed to hard labour,

erc.

However, artisanal mining of barytes veins in Azara presently provides job
opporlunities o 4 vast majorily of indigenes of Aszara and residents of Nasarawa
State. The following economic benefits are currently being enjoyed by Azama

community through artisanal mining:
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3.9

. the least paid mine worker eamns at least seven hundred naira (N700) daily

and about tweniy one thousand naira (N2 1,000) monthly;

- There is great income realization by the community and local
administration, as forly percent (40%) of the mining right of the baryles

deposits is reserved for the local community.

Investigations from this study, however, reveal that if the arfisanal miners in
Azara are well organized and integrated into formal mining sector. total

community empowerment and overall development in the study area could be

attained in the nearest future.

Government’s Policy on Barvtes Developments

Considering the strategic role which barytes plays in the development of
petroleum industry and other areas of the Nigerian economy, it has become
imperative for governmenl to ensure 115 orderly and accelerated exploration,
exploitation, processing and marketing for local consumption and possibly

exportation.

One of the general objectives of the MNational policy on barvtes development
(MSMD, 2003) is o encourage the acquisition of technology by informal or
artisanal miners in the exploitation of barytes. This among other objectives is
central to capacity development in barytes production in Nigeria since artisanal

miners play dominant role in its exploitation. Little wonder that the National
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Minerals and Metals Policy (MSMD, 2008) emphasized the need 1o support
Artisanal and Small-Scale Mining (ASM) and encourage cordial relationship

between the ASM and large scale mining operators.

The achievement of such feat, according to Eggert (2009), depends on careful
design of wealth — creation and distribution opportunities associated with mineral

exploitation thereby setting the pace for economic goals attainment.

In an attempt to actualize the dream of industrializing Nigeria through barytes
exploitation, the present civilian administration has categorized baryles as one of
the *seven strategic minerals’ whose exploitation and development is to be given
priority (Ishola, 2008). This initiative is sequel to the cnactment and public
presentation of the Mining Act 2007 and the Nigeria's Minerals and Metals Policy
in April, 2008, It is, however, hoped that such laudable policies are vigorously
implemented to meet the desired objectives. One of the best ways of achieving
this is to fully involve mining engineers and other related professionals in policy
formulation and implementation. When this is done, barytes development and
utilization in Nigeria will become a reality and will meet up with the *Seven Point
Agenda’ of the present administration of creating wealth, job and foreign

exchange camings.
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31.0 Integrating Artisanal and Small-Scale Mining through Private Invesiment

The only way to improve mineral production in Nigeria is (o properly organize
the activities of artisanal and small-scale miners, encourage them 1o embrace
modern mining techniques and grant them incentives 1o reduce their financial
burdens. This is because artisanal and small-scale mining (ASM) represents a
large percentage of mining operations in Nigernia. Therefore, integrating their
operations at the instant of private seclor led mining investment will bring about

the desired sanity in the solid minerals sector of the economy.

In Azara, EMO Ashapura Energy and Mining Company Limited, an Indian firm,
becaume the first private investor to be licensed recently to exploit barytes vein
deposits. The company commenced mine development operations mid September,
2007, and has since resumed full production. Plate 3.4 shows preparatory process

for drilling and blasting at Emo- Ashapura Mining Company in Agara
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Plate 3.4: Drilling in Preparation for Blasting at Emo-Ashapura Mining

Company,



Majority of the artisanal miners have already been engaged to fortify the labour
force of the new private company, while the drilling and blasting aspects were
given out to local contractors. The present composition of the workforce of the
company comprising experienced indigenous mining engineers, supervisors and
local contractors is a true reflection of a private sector-led investment in the
mining sector. It is, therefore, hoped the company would be given all the

necessary supports 1o enable it operate under a conducive environment in order o

attain optimum barytes production.
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4.1

CHAFTER FOUR

4.0 RESULTS AND DISCUSSION

Results of investigations into the economic assessment of mechanized, semi
mechanized and artisanal mining techniques of Azara baryles veins are as

presented and discussed under the following:

Datz Presentation

Figures 4.1, 4.2 and 4.3 show the three polynomial regression curves (models)
built for mechanized, semi — mechanized and artisanal mining techniques used for
producing barytes in Azara. Mechanized technique’s model was built from
equation 2, seml — mechanized from equation 3 and artisanal mining from

equation 4.

As shown in Figure 4.4 the three mining techniques recorded different tonnages
of barytes which represent their peak productions, The peak production for
mechanized method is about 23,908 tonnes per annum. Semi-mechanization
recorded about 33,500 tonnes of barytes per annum, while artisanal mining
produced an estimated annual tonnage of 18,050 tonnes. Figure 4.4 also shows the

trend of decline in production for each mining technigue.

In Figure 4.5 the extraction cost by degree of mechanized, semi mechanized and

artisanal mining ure shown to be 172.8", 82,8 and 104.4" respectively. Figure 4.6
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gives the barytes price fluctuation at Azara from about N700 in 1988 to about N4,
5000 in 2007.

In Figure 4.7 barytes importation trend grows from about 2,000 metric tones per
annum in 1988 o about 20,000 metric onnes in 2007, Figure 4.8 also shows the
net profit recorded by each mining techniques. Semi-mechanized production
generated highest profit margin of about N70, 000,000, while artisanal and
mechanized method produced profit margins of N68, 000,000 and N21, 000,000
respectively, Figure 4.9 gives the 1999 1o 2010 projection for domestic baryies

demand in Nigeria.

Tabhle 4.1 shows that the mechanized barytes production in 1987 was about
23,908 metric tonnes while between 1991 and 1997, a wial of 211, 740 metric
tonnes of baryies were produced in Azara, as shown in Table 4.2, However, Table
4.3 shows that between 2000-2002 barytes production was marked by glut,
thereby declining to only about 10,600 metric tonnes. In 2007 artisanal barytes

production was about 18,050 metric tonnes, with a shortfall of about 101,950

metric lonnes as shown in Table 4.4,

Tahbles 4.5 and 4.6 show that the estimated costs of working tools and accessorics
used by artisanal miners at veins 17 and 1 at Azara are N378.670 and N502.670

respectively.

Table 4.7 shows that the number of equipment uscd by the defunct Nigenan
Mining Corporation (NMC) is 24, Figures 4.1, 4.2 and 4.3 below show the

regression curves for the three mining techniques, while Figures 4.4 to 4.8 show
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the graphical representation of the economic indices upon which the three mining
techniques were analyzed. Figure 4.9 show the projection for local baryles

demand in Nigeria
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4.2

Drata Analysis

All data collected were subjected 1o analysis of variance (ANOVA) ata =0.05,
while Duncan’s Multiple Range Tesl was used o venify significant differences

among the treatment means at the 5% probability level.

According to Table 4.8 there exists significant difference between the three
methods of extraction (i.e, mechanized, semi-mechanized and arlisanal) for all the
economic indices uwsed. From the Table, in terms of productivity, semi-
mechanized has the highest mean value of 30248.57 greater than that of artisanal
productivity value of 8633.33. Likewise, mechanized productivity with higher
value is also significantly different from that of artisanal. However, there is no
significant difference between the extraction costs for semi-mechanized and
artisanal methods which have the lowest mean value of N435, 627.14. This is
significantly difference from that of mechanized method with mean value of

N113, 010.

The three values of mining technigues are significantly different from the
perspective of price of barytes. The price of barytes for artisanal method  i.e. N3,
693.33 is the highest, and significantly different from that of semi-mechanized i.e.
N2, 328.57 and mechanized method of N833.The same thing applies in  the case

of importation for the three mining technigues.

The result from the Table also shows that the net prolil realized during the usage
of these techniques is significantly different only between that of mechanized (i.e.

N21,131,656,67) and the other two techniques (ie. semi-mechanized and
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artisanal). The productivity (y) and extraction (x) for each of the techniques were
plotted against each other and the regression curves between them were

determined for the three mining techniques using Microsoft Excel (R).

The regression curve for mechanized technique shows a declining trend, implying
that productivity is decreasing over the years with a cormesponding increase
extraction cost. For the semi- mechanized, the curve shows a steady increase in
productivity with a corresponding decrease in expansion cost. The regression
curve for artisanal mining shows corresponding increase for both productivity and
extraction cost until it reached and optimum level after when it showed a steady

decrease in productivity with relative decrease in extraction cost

Model Construction

The three economic models for Azara barytes were constructed to reflect the
economic factors suggested by Labys et al (1985) which consist of the following

components: demand, supply, inventories and prices.

Model equations developed for mining techniques for baryies production At
Azara, Nasarawa State, Nigeria, are as follows:

Mechanized method

Model y = -0.000005x" + 1.004x — 23452 {Z)

Correlation R'=1
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Semi mechanized method
Model ¥ = 0.0000002% + 0.0285%" + 1612.8x% + 30000000 —-- (3

Comelation R*=0.3662

Artisanal method

Model y = -0.00003x" + 3.9892x — 116193 (4)

Correlation R3=1

Where y — represents productivity (tones per annumy)

And x—represents extraction cost (in naira)

The behaviour of these models is expected to consider Azara barytes

development and investment decisions.

Production costs incorporated in the models will also give a specific structure 10
barytes mining environment, thus reflecting the opinion of Campbell (1999).
Therefore, mining and processing costs incurred by mining companies in the area
have already being incorporuted into the price of baryles sold to other firms which
use it as an income. However, under competitive conditions the price of mineral

commodity equals the price of deposits, plus the unit cost of extraction:

Pu=Pp+C (5)
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Where Py, is the price of mineral commodity, Py, price of deposits and C, is the
cost. Let NC be the cost of extracting each unit of the minersl from the resource
stock.

It follows from equation (1) that a change in the price of the commodity is the

sum of changes in the price of deposits and the unit cost of extraction:

dpg, = dpp + de (6)

Dividing both side of the equation (6) by the commodity price gives:
Dpw'Pm = dpadpm + do/pa, and this expression can be arranged to give:

G{Pm) = b.G{pD) + (1 — b) G{C} (7}

Where G (.) represents a growth rate, and b = pp/py, is the share of the price of
material deposits in the unit cost of commedity production. If the unit cost of
extraction is constant G© = 0, and the growth in the price of the commadity over

time is & proportion b, of the growth is the deposit price.

Regression analvsis (equation), as given by Taha (2002), also estimates the time-
path of baryies prices in Azara. Slade’s approach (Campbell, 1999} also gives

further regression equation for the commodity:

P,=a+b+el+1k (8)

Where P, is the real price of barytes at time ( in 2007; t is the year, L, is a
disturbance term, and a, b and ¢ are constants, If the commodity price follows a u-

shaped time-path, the fitted value of the coefficient b will be significantly
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different from zero and negative, and that of ¢ positive. An insignificant value for
&, together with a positive value for b would indicate that the commodity price
trend is consistently positive over the penod, as predicted by the simple model of
equation (3), IF neither b nor ¢ were found to be signilicantly different from zero,

then barytes price has no time trend, only cyclical Nuctustions.

Considering the peculiarity of Azara barytes market structure in terms of demand,
supply, prices and extraction technology, three forecasting models (equations 2,

3 and 4) earlier determined were meant to achieve the following objectives:

1. o enhance the extraction process in order to boost production and increase

commaodity supply;

2. to enhance mineral upgrading through balanced blending efforts to correct

mis-perceptions about Azara baryies grades and aftract more foreign
demands;

3. To forecast shorl, medium and long term pricing demand and supply of
Azara barytes production with a view to altaining national economic

targets/goals.

Fundamentally, Azara barytes production modeling is targeted at attaining
tremendous increasing production level. This is intended 1o maich an increase in

demand with the help of adequate working technology.

Locally designed technology can accommodate the artisanal and small-scale

interest. In this regard, poverty will be reduced, crime rate will decline and a



boost in production will be attained. This will add a positive input to the overall
economy. Tables 4.1 o 4.4 below show barytes production sl Awara for
mechanized, semi-mechanized and artisanal mining at different periods. Table 4.5
and 4.6 also show the estimated costs of working 0ol and accessories used for
artisanal mining at veins 17 and 1 respectively in Azara, while Table 4.7 shows
the mechanized equipment used by the defunct Nigerian Mining Corporation
(NMC). Table 4.8 shows the summary of statistical analysis for the three mining

techniques.
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Table 4.1: Mechanized Barytes Production at Azara 1987

Month Budgeted tonnage Actual tonnage realized Difference
(Metric Tonnes) {Metric Tonnes) (Metric Tonnes)
January | 2,500 2,250 250
February 2,500 2,200 300
March 2,500 2,190 310
Apnl 2,500 2,300 200
May 2,500 2,110 390
June 2.500 2,013 487
July 2,000 1,720 280
August 2,000 1,620 380
September 2,000 1,630 350
October 2,000 1,900 100
November 2,000 1,954 46
December 2,000 2,001 -1
Total Co27000 23908 3,092

Field Data (2007)
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Table 4.2: Semi mechanized Barytes Production 1991 - 1997

Year Tonnage produced Reason for increase [ decrease in
' production
{Metric Tonnes)

1991 33,500 High demand

1992 35,200 High demand

1993 29,230 Decline in demand

1994 28,100 Decline in demand

1995 27410 Decline in demand

1996 29,600 Decline in demand

1997 28,700 Gilut due to technical and financial

problems
Total 211,740
Field Data (2007)
£ 150 p,
fe ., o
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Table 4.3: Semi-Mechanized Production of Azara Barvies During

2000 — 2002 Period of Glut

Year Tonnage Produced Reason For Increase / Decrease in
Production
{Metric Tonnes)
2000 2,200 Glut
2000 3,400 Boost in short-term programme
2002 5,000 . Boost in short-term programme
Tuotal Hib e
Adapted From Bida (2004)
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Table 4.4: Artisanal Barytes Production at Azara, 2007

Month Budgeted Tnnnlg: Actual Tonnage Realized Difference
Qi Tome) {Metric Tonnes) (Metric Tonnes)
January 10,004 1,700 8,300
February 10,0040 1,730 8270
March 10,000 1,750 8,250
April 10,000 1,750 8,250
May 10,000 1,760 8,240
June 10,000 1,760 8,240
July 10,000 1,500 8,500
August 10,000 1.250 8,750
September 10,000 1,004 9,000
October 10,000 1,000 G000
November 10,000 1,200 8,800
December 10,000 1.650 8,350
Total 120,000 18,050 101,950
Muodified After Adegboye (2003)

Note: Government imported 20,000 metric tonnes of barytes in 2007 to augment this low

production.




Table 4.5: Estimated Cost of Working Tools and Accessories Used For
Artisanal Mining at Azara (Vein 17)

S/No | Implements/Accessories | Number Vein Unmit Total Cost |
Location | Caost (N) ()
1. Digger Bl 17 1,500 90,000
x Hammer &0 17 1,100 66,000
3. Chisel 120 17 404) 24,0040
4. Drilling rod 30 17 6,000 180,000
5. Showvel o0 1T 300 27,000
6. Head pan 6l 17 600 36,000
T Blasting cable 30 rolls 17 1,250 37,500
B. Dewatering hose and A setof 37 17 45,000 45,000
pump hose/pump sel
9, Sieving pan 9 17 150 5,250
10. Wooden support A bunch or 17 15,000 15,000
as desired
11. Cable, cxplosive and | A sct pack 17 52,920 52,920
other accessories
Total N5THE.6T0
Field Data (2007)
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Table 4.6: Estimated Cost of Working Tools and Accessories used For
Artisanal Mining at Azara (Vein 1)

S/No Implements/ Number | Vein Location | Unit | Total Cost
- Cuost (N)
Accessories (N)
L. Digger 55 | 1,500 82,500
.4 Hammer 50 1 1,100 55,000
3. Chisel 100 1 400 40,000
4. Drilling rod 20 1 6,000 120,000
3., Shovel 80 1 300 24,000
6. Head pan 50 1 600 30,000
7. Blasting cable 27 rolls 1 1,250 33,750
B. Dewatering hose and A setof 1 45,004 45,000
pump 3"hose/pu set
mp
9. Sieving pan 30 1 150 4,500
10. Wooden support A bunch 1 15,000 15,000
0T a5
desired
11. Cable, explosive and | A set pack 1 52920 | 52,920
other accessories
Total NS02,670
Field Data (2007)
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Table 4.7: Equipment Used by the Defunct Nigerian Mining Corporation

{NMC) During Mechanized Operation Period.

SN MINING NUMBER EQUIPMENT

EQUIPMENT/ACCESSORIES TYPE
1. | Bulldozer ] CAT DEH
2. | Wagon Drill | Adtlas Copeo
3. | Excavator 1 CAT 215
4. | Pay loader 3 CAT 922
5. | Dump truck 4 Terex
6. | Jack hammer a -
1. | Scrapper 1 Catergillar
8. | Grader 2 Caterpillar
9. | Crusher (primary) 2
10. | Jig 2
11. | Compressor 3 Atlas Copco
12. | Generator 2 Caterpillar

Total = 24
number

Source: Field Data (2007)
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Tahble 4.8: Summary of Stutistical Analyxsis

Mining Productivity | Extraction Price Importation | Net Profii
Techniques (Metri Cost (N) ™) (Metric ™
Tonnes)
Tonnes )

Mechanized | 25683.33" 115010° §33.33313° | 2760" 21131657
Semi- 30248.57" 54627.14° | 2328.571° | 550.143° 6O058730°
mechanized

Artisanal 18633.33° 34627.14" | 3693.333* | 100007 68593547"

*a indicates highest, b lower , and ¢ lowest values respectively at 5% probability

level.




4.4

Discussion of Results

The decline in trend witnessed in Figure 4.1 implies that decreasing production
rale of barytes 15 glanng enough to show a correspondingly sharp increase in
extraction cost. This is basically due to lack of funding which crippled operation
and stifled equipment maintenance resulting in sharp drop in production. This led
to major operation interruptions experienced by the defunct Nigerian Mining

Corporation (NMC).

The steady increase shown in Figure 4.2 implies that semi-mechanization enjoyed
technological advantage offered by the narrow nature of Azara barytes veins
which mechanization did not enjoy. This gave an edge to semi-mechanization in
terms of increasing productivity and decreasing cxtraction cost over the years
until operation started experiencing decline during the period of ‘glut’. The glut

due to combined effects of lack of funds and flooding.

The initial increase in productivity and decreasing extraction cost shown in Figure
4.3 is due to increasing activities triggered by large population of artisanal miners
as well as increase in demand for barytes. This trend continued until production
reached it peak (optimum) and started decreasing, though at reduced extraction
cost. The reverse in trend is due to the inadequacy of implements used by
artisanal miners (e.g shovels, diggers, e.t.c) which was responsible for low barytes

production.

The declining trend in Figure 4.4 which characterizes productivity in mechanized

method of extraction, which is from 23,908 tonnes in 1988 10 18,000 tonnes in
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1990, is simply due to problems encountered. These include: lack of funding,
mismanagemen! and mostly incessant flooding. Flooding was the major cause of
damage to equipment used. Likewise, the sharp decrease in productivity of semi-
mechanized method noticed in Figure 4.4 from 28,700 in 1997 1o 2,200 in the

vear 2000 is due to lack of funding and partly flooding,

However, productivity level of artisanal mining method did not show much
fluctuation compared to the other two techniques. This is due to relatively
uniform and uminterrupted mining activities, though at lower production level,

except for the slight effect of flooding.

The significant difference exhibited between the techniques according to Table
4.8 denotes that productivity due to semi-mechanization surpasses that of others
doe to the advantage of economics of scale. This is the combination of
advantages from other two techniques. Although, this high yield of semi-
mechanization is in contrast with the views of Hartman (1987), Fritts (1990} and

Rzhevsky (1987) that mechanization gives maximum yield.

From Fipure 4.5 the mechanized technique attracts the highest exiraction cost
since it is a capital intensive operation. Semi-mechanized and artisanal methods
records the least extraction cost. Consequently, the statistical analysis indicates
that the extraction costs of the techniques are significantly different. The low
value of extraction cost for semi-mechanized and artisanal method gives them
priority over mechanized method.
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Figure 4.6 shows the inflation trend of barytes from N700 in 1988 to N5,500 in
2007. This is not unexpecied since the inflation mate of all commoedities worldwide
is ever increasing. This fact is further confirmed by the statistical analysis as there
exists significant difference between their prices during the usage of the three

mining techniques.

The inerease in importation of barytes shown in Figure 4.7 from 2,000 tonnes in
1988 to 20,000 in 2007 is due to increase in petroleum production locally and
internationally, increasing price of barytes in the world market and population
increase in Nigeria. From the statistical analysis, importation trend between the
three techniques are significantly different. Although, the productivity of semi-
mechanized is high compared to others, it does not affect importation as much.

The initial drop of importation curve in Figure 4.7 is due (o0 ban by the Federal
Government in 2006,

As earlier stated, the highest productivity is noticed for semi-mechanized
compared to artisanal; this high productivity comoborates the high net profit
noticed for semi-mechanized, The net profit of artisanal is also high but this is
only due to high price as at the time of its usage. The high price and high
productivity of semi-mechanized method are the factors responsible for a higher
net profit than mechanized method. From the statistical analysis, net profit
between semi-mechanized and artisanal method is not significantly different as it
is when compared to that for mechanized method. It could also be noticed that as
the productivity is decreasing for each of the techniques, the extraction cost is
increéasing. The reason for this is that during the early stage of mechanized
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method, less money was spent on maintenance since all the equipment were new
but with time, wear and tear set in and more maintenance was needed. Likewise
as the depth of mining increased, depletion set in requiring additional
maintenance expenditure. This is also true for semi-mechanized. For artisanal
method, the increased extraction cost was due to increase in wages of workers as
depth increased and economic value of money decreased. The R-square value for
the correlation of the techniques is 1 for both mechanized and artisanal while that
of semi-mechanized is 0.3662. This means that the models for mechanized and
artisanal methods are very good for predicion compared to that of semi-
mechanized.
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CHAFTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

Conclusion

The economic assessment of barytes exploitation techniques at Azara, Nasarawa
State, has been carried out. The semi-mechanized mining technique has been
identified as the most efficient for mass barytes production in the study area 50
far. The rating of semi-mechanization is predicated upon its satisfactory
performance, as it has the highest productivity level, lowest extraction cost and
highest net profit which satisfied sct economic indices more than other mining

methods.

Analysis of the models developed as shown that extraction cost needs to be curt
down for improved productivity. This means that operators of barytes mining at
Azara must minimize extraction cost for effeclive translation to increased
productivity and eventual marginal profits. Therefore, analysis of the models has
shown & strong correlation between lower extraction cost, higher productivity and
higher profit margins.

The daily extraction cost per tonne for Azara barytes by artisanal miners has been
calculated to be N240 Naira. This has translated to about 18,050 metric tonnes per

annum and profit margin of about N68 Million Naira annually, Thus, this study
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has identilied o lower extraction cost ol between NT30 and N200 Maim For higher

produciivily and prolil mangins lor Ao baryies prodociion.

The models developed were accusule for mechanized and  Artisanal mining
methods (with R-sgquore = 1) compuied w0 séaii-mechunized (e R-syuure

0.3662) which s near securaie, Thus, (he three models can be used Tor prediction
of Tulure prodsciion e Avun Dnasdeguaie Tuoding, vse ol cude wnd obsolele
mining eguipmment and Jncessant Dooding hove also been identified as potential

ubatacles lacing sustinable baryles production in the noea.

However, artisanal mining, a5 currently being procticed ot Azam, has being
identificd as an avenue For upgrading snd developing the artisanal and small-scale
mining (ASM) sector. Upgprading and imtegrating this oo formal mining sector
through adequute organtzation and funding will offer a viable alternative. Henee,
poverty level will be reduced, miwe people ot the grissroots will be empoweral

through massive employment and the overall economy will expericnce a boost.
Finully, this research work has contributed w kiowledpe in the following aréas:

(a) prolitable and virile exploitation teclmigques of baryies deposits have been

dentilied T the study s, A, wal

(k) the manifestation of socio-economic impacts of barvles mining on the

artisanal muners in the dred has becn taciliated.

L)



Recommendations

The following measures are herby suggested in view of the observations Irom the

results ol the résearch work:

1.

v,

artisanal mining sector should be developed through adequate funding and

reui ginieation W oexpand e produciion capucity of baryles production,

only o well-funded and properly muanaged mechanized mining opertion
can guaranies sustamable baryies production; all hands must, therelore, be

o deck (o make this o reality:

based on the economic indices set in this project work, semi-
mechanized technique is favourably recommended. However, the
model equations developed  for mechamnired and arisaml miming
techuiques wre very good for predicling sustainable baryies production in
Azara and other areas. Sech models can, therefore, be uwsed for ol

preoduction o Jdeteomie e efficiancy,

Massive explortion must be carvied oul urgently on the remuining thineen
(13) unexplored baryles veins o Acara W provide o reliable dstabase ol

barytes potentials i the area,
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Appendix Al: Outline Geological Map of Nasarawa State (source: Nasarawa State
Government, 2007).
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Appendix AZ: Major Mineral Resources Map of Nasarawa Stat (source:

Nasarawa State Government, 2007).
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Appendix Bl: Rating of Mining Technigques for Azara Barytes Production Based on
Revenue Potentials

MINING RATE OF | PRODUCTION | REVENUE REMARKS
TECHNIQUE | RECOYERY RATE PFOTENTIAL
Mechanized Maoderate to High High Recommended, provided
high competent management
team and adequate
funding are available
Semi- Very high Very high Highest Suitable, highly
O recommended but with
full support
Artisanal High Low Moderate to | Recommended for
fiiiig high grassroots mining but
with better organization
and support
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Appendix B2: Estimated Revenue Potentials of Mining Techniques for Azara
Barytes Production at Different Selling Prices

Mining Revenue/ Revenue/ Revenue/ Yearin | Price/Tonne
Technique Annum Focus
Day (N) Month ™
Mechanized 71.590 15,750,00 16,735,600 1987 700
Semi-
mechanized
- - * 70,400,000 | 1993 2,000
Artisanal
347,727 7.650,000 | 81,450,000 2007 4, 500

(Modified after Bida, 2004 and Umar, 1999).

- means information not available

. NOTE: Revenue generated by semi-mechanized mining was till higher, despite a

low price/tonne of M2,000 in 1993, compared o a selling price of #4500 to

N5,000, in 2007,
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Appendix C: Artisanal Barvies Production 2005 - 2007

YEAR TONNAGE PRODUCED | TONNAGE OF BARYTES/BENTONITE
IMPORTED BY THE GOVERNMENT

(mt)
(mt)

2003 18,600 10,000
2006 19,200 : o
2007 18,100 20,000

Total: 55,9 30,040
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Appendix D: Engineering Process Model for Azara Barytes Production
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APPENIME F: BOME SUGGESTED MECHANIZED MINING EQUIFMENT/ACCESSORIES FOR AZARA BARYTES WORKING

Mwwm

o Equipment Madel Manufacturer/supphier Year of Price Function Rated Simtus Awgilable | Diher remarks
Ll manufsciure capaciiy hour
1, | Pulldozer Caterpillar Hoss equipment company 2008 F255. 500 Over  burden | Maximum | Mew 0 «fiast fued system
A2AC 5P core remuval - 293 » 2. 5tires sysiem
- il wagon Atlas  copoo | Atlas sopog Z00-2004 $135, 00 Oirilling Urperating Mew 0
ABfong hole 145, 0 widih =
drill wagon 2m
Operating
hzight =
I 2.0m hole
diameter =
- = - 110-123mm
3 Inck hammer MTX MTX subwioofer inc. $199.99 Drilling LG0OW peak | New ]
sibwooher paowier
jack hommes
4, Dumg truck Atlas  copeo | Atls copeo 1981 £33,000 Loading 120 bon | Mew 0 Designed for CAT 777,
E130 Hanling caEpacity oo
Dumging
- 5 Exeavator'shovel | CAT  bucket | Hoss equipment company 2001 $255, 000 Overberden &= limetric Bew i 22" fair to good
ERCAVALOF, M, 000 removl, Enizs
chaoval loading eto capacity
&, Pay loader CAT G280 | Hoss squipnient sompany 1554 569,500 Londing fi= L llmetric Rebuilt | 7,661 Tires at 93%%
wheel loaders Dumping tones
| Hauling capacity
T Hemapper CAT DIIR Reupe equipment company ine. | 2001 170,500 Loading Ohver Mew I ity 16k
Dverbairden | SOURW
rermaval pieak power
H.ippl[m
i “Grader CAT  160H | Hoss equipment company Mol Ba 169 500 Bond gradlog | VHP enpine | Rebulh 10,332 17.% x 25iires m 63%
YHP  motar 2bt — 13000
grader HF R
2 Cruaher 12 x 36 | Hoss equipment company $12,500 Crushing - Meew g Execellent conditlon
universal jow
cnasher
1o, Compressor Kazser  ASD | Dudley, punnysl, Yersaillss ine,, $13,832- Powering 1 Higallon =
25 rotary | ek 30,000 drills and kagj | capacity,
COMPIEsS0r hasmimer over 10 HP
cap,
11, Jig
L Generator illar Hos equipment company 19%] Powver JOKW and | Mew 0
3M0s. DITA geberation above
Gien Set
Sowrces: waw fenvv-equipment-types dorenel co;
www cpberpillar dornet.conm
e DR GO oW I, 5 weinw it oo, ot




