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Abstract.

The safety of a cement industry is said to be of great concern to the safety

experts of this industry and aiso its employees.

In car?‘yiﬂg out the study, consequence analysis was used as a final

decision — making tool for a safety etudy. Dust, which is the top-event was being
investigated with other parameters which include: Number of accidents and its
rate of occurre‘;nce, types of these accidents, Air — flow and Emission rates, Kiln
Shell temperatures.
From the study, it has shown that considerable time and money is lost due to
downtime (lost hours) and in compensation payment to employees.
Investigations .r:evealed that large emissions of cement dust and limestone are
daily plunged r'“ii'nto the atmosphere along with secondary emissions. from.
combustible gases an action that constitute great nuisance to the society.

it

The consequences of these action if not properly handled could Iead to
various health'%-_ azards such as the respiratory — track diseases and skin diseases.
These easily result in lost hours of production and sometimes litigation expenses.

Due to the expense of these consequences, the management of safety in
the industry cannot be left alone to employers, but also the employees. Also, in
ensuring a high safety level using old designs and machineries is the most
challenging responsibility of the company and the safety manager in particular.
This can be achieved through proper planning, organizing, executing and

controlling a uniquely designed program that moves the organisation towards

safety and heai’th objectives.




CHAPTER ONE
INTRODUCTION -
Everyone desires safety and everyone should support it. Yet, it is sad that almost

everyone takes safety. for grantegd whether in the home, on the road, at work location or even
during recreation until;an accident occur. This could have been awided. However. Assuring safe
and healthful working conditions is becoming an increasingly important responsibility of an
organisations industrial engineering personnel.

An accident maybe defined as an‘ unplanned, uncontrolled and unexpected event that
result in nearly resulted in or had the potential to result in inviting or other damages.

Considering the causer of a young secondary school leaves, who was aiming for a university

v

T IR VETERE

education, got emploYéd into an i'nél"ustir‘ié as a factory V\;orkmeh for the sake of gathering
'“‘si"\ o ,=1 o
make fund, only to end up having all his fingers amputated, theseby dashing his hopes for a

higher degrees. If the person were you, how would one feel?

Vieeg ot

Nevertheless, ‘,;{;h;e pcéuéncé of the accident explained by Heinrich (Heinrich,.1990), is
batter understood using other the “ sequential” or “*domino” theory. This theory states that ...
the natural cumulation of a serves of events or circumstances. One is dependent on another
and one follows another, thus constituting a sequence that maybe compared with a row of
dominos pleased on end and in such alignment in relation to one another that ihe iall of the
first domino precipitates the fall of the entire row”. This theory explains how and why accident

prevention programs works i.e. that prevention stops the “accident sequence” by removing one

of the factors that leads up to it live. An unsafe act or unsafe condition). The factors in the

Heinrich sequential dﬁépliction originally portrayed as dominos are:

(a) Ancensity and social environment

(b) Fault of the person




(¢) An unsafe act/or imsafe mechanical or physical environment.
(d) The accident
(€) The injury.
Safety can therefore be defined as a state of mind, an idea implemented by a
constructive attitude tHat c‘auses to recognize dangerous situations before an accident occurs.

However, it has been generally accepted that the immediate causes of accidents relate to .

physical conditions. The acce'ptance of these beliefs led safety practitioners to focus almost

|
|
]1 unsafe acts and physical
|
|

entirely on training people not to commit unsafe acts, accepting the reality that t_hg;un}s_afg__
conditions exist and will remain uncorrected.

In recent yearfé; hazards prevention by engineering design or re —design has been
ipromoted alongside |ie§bility litigation and third —party Iiabilify actions in occupational accidents.

iIn more and more accidents, it is being recognized that the designs of machines, equipment,

Iprocesses and workplaces have all been contributory causes. The negligent party maybe the |
equipment manufactures, employer, job designes or safety engineer. The price paid maybé in
ithe form of medical costs, lost production ~ time, higher insurance premiums or straight cash
0 an injured party.
No wonder, in;f:r:fr'_\ost industries today, the slogan. “safety first and Always” are common.
n the Nigerian cemeént manufacturing industries, various forms of pollution occur, the most
isible being the dust..Many of these industries though aware of the great hazvard‘posed to the
ociety, Do not try tégf:urtail dust emissions. The cleaning technologies used are‘still the same
s from the inceptieh of production. Unfortunately, most machineries used have been left

inchanged, and their.efficiency have reduced.




The’v high maintenance cost for the existing machineries, further cdmplicates the
prospects of ensuring ‘high safety level. Therefore, the challenges of avoiding identifiable
hazards in the cementh'iu‘idustry requires thorough understanding of both the technological and -

socio — economic factors.

' 1.1. OBIECTIVE OF THE PROJECT:

The objective of fhe project include:
“(a) To investigate tﬁe safety situation in the Nigerian cement industry.
(b) To determine thé current state of safety management efforts
(c) To identify future challenges.
1.2. SCOPE OF THE P.ROJECT:
The scope of the project is based on the Nigerian cement manufacturing industries
# designed using the wet — processing te_chnology at the west African Portland cement company

§ (WAPC), plc shagamu, works, Ogun state.

1.3.LIMITATION OF THE PROJECT:
The limitation of fhe project include:
(a) Improper documefitation of collected dates.

(b) Management of thé company wanting to divulge necessary information’s needed.




CHAPTER TWO
LITERATURE REVIEW

2.0 WHAT IS CEMENT:
Cement is an hydraulic bonding agent used in the building construction and civil

engineering. It is a fine power obtained by grinding the clinker of a clay and limestone mixture,

!

| callariéd at high temperature. When water is added to cement, it becomes slurry that gradually

“hardens to a stone-.like consistency. It can be mixed sand and gravel (coarse aggregates) to

from motor and concrete.

There are two types of cement: the natural cement and artificial cements. The natural -
cements are obtained from natural materials having cement —like structure and require only
calcining ahd grinding to yield hyglraulic cement powder. Cements are available in large and

increasing numbers. 1Eéch type has a }different composition and rspecific' 'mer'i"rc;s and uses.
‘ Cements may be classiﬁed as Portland cement and aluminous cement.
: 2.1 ANALYSIS OF'RAW MATERIALS:
By Jefferson (1978), the basic ingredients for Portland cement consists of limestone, sea |
4shells, marks or chalk that provide calcareous components; clay, shale slate or sand to provide_
the silica and alumina contents, iron-ore, mill scale or similar material to provide the iron
components. The number of raw materials required at any one plant depends on the
composition of thesg%,._maenads and the type of cemént being produced. To affect the

proportions adjusted as they are blended. A typical composition of the various raw material

used are presented in table 2.1,




| TABLE 2.1 TYPICAL COMPOSITIONS OF CEMENT RAW MATERIALS
CHEMICAL |
COMOSITION
RAW MATERIALS S0, | A0 | Fex0s
Limestone - |57 0.1.8 0.3
High - silica limestone 36.8 1.8 0.6

Cement rock 18.0 5.0 1.5

7Blest furnaces slay 33.1 9.1 0.9

Shale . 153.8 18.9 7.7

Sand - (700 150 |50

Clay_ B 61.0 |169 |124

ITron ore ' 6.7 1.4 89.7

', treet — mill scale 2.5 1.1 89.9
Peray, kint. E. (1986) Pg. 116 ™ the Rotary kiln”

2.2 IPRODU'CTION OF PORTLAND CEMENT:

The Portland process which accounts for by far the largest part of worlds cement
roduction comprises of two stages: clinker manufacture and clinker grinding. The raw
aterials‘ used in clinker manufacture are calcareous materials and argillaceous materials such
s clay. The raw materials are blended and ground either dry (dry process) or in water (wet
rocess).

In the wet process, soft materials are converted to slurry with water in a wash mill. This

nvolve; rigorous agitation. The fine materials in suspension passes through a vertical écreen (a

erforated plate containing 6mm holes at the sides of the tank against which it is thrown.

he pulverised mixture is calcined in an inclined rotary kiln at a temperature raining from

1400°c-1450%. In the wet process, the kiln has to first evaporate the water in the slurry, then

lecomposes the clay materials (300 - 600° ¢) and limestone, CaC0s (80-900° C) and ﬁnally




ilicate (Belite) and calcium oxide, and the polymorphism of B — bicalcium silicate to

icalcium silicate.

The lumps of cooled clinker are often mixed with gypsum, which is used to control the
etting-time and other properties of the cement. Finally, the clinker is ground in the mill,

creened and stored in silos, ready for packaging and despatch.

The chemical composition of the ordinary Portland cement (0.P.C) iS presented below in .

hble 2.2

TABLE 2.2 COMPOSITION ORDINARY PORTLAND CEMENT (0O.P.C.)

lhemical composition of O.P.C. | GRAY WHITE

CEMENT(%){CLINKER(%) | CLINKER (%)

lica (Si0) 18- 24 21.7 238

lumina (Ai,03) 4-8 5.3 5.0

ton iii Oxide (fe;03) 2.6 0.2

Picium oxide (Ca0)

agnesium oxide(MgO)

btassium oxide (kz0)

hdium oxide (Na,0)

iiphates (503)
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) CHEMICAL COMPOSITION OF OPC | GRAY WHITE

CEMENT (%) | CLINKER | CLINKER (%)

(%)

Loss on Ignition (LOT)

Insoluble Residue (I R)

Free — Lime

Lime saturation factor (L.S.F.)

Lime combination factor (L.C.F.)

Silica Ratio (S/R)

Alumina Ratio (A/R)

Tricalcium silicate, Nite (C3S)

Bicalcium silicate, Belite(C;S)

Tricalcium Aluminate (CsA)

Calcium Alumino — ferrite (C4AF)

2.3 SAFETY ANALYSIS

According to Howard (1983), safety of processes is accomplished in finial analysis,
through two associated ‘categories of process accident prevention measures. On_e of the
categories can be classified as hardware, which relates to equipment and layouts while the
other is the software wHich, pertains to standards, guides and procedures to be used.

However, purpose of the safety study can be carried using various methods, thesé
methods of analysis include:

(@) failure — mode and effect Analysis

(b) cause — consequence Analysis

(c) Hazard operability study (HAZOP)




:(d) Fault trees “

(e) Event trees
2.3. FAILURE MODE AND EFFECT ANALYSIS (FMEA).

T_his is a bottom— up process where the traces indicting events forward through the
system to their finial effects. Results are usually presented in table, which .can become
unmanageable where cause and effects are not directly related. Time sequences and
interactions between different parts of the system can also difﬁgulties. Although, it is a useful

precursor to construction of fault logic diagrams, it does however not explain and produce a

model for its quantification.

2.3.2. CAUSE — CONSEQUENCE ANALYSIS:

This analysis includes elemqnts of risk analysis. With regard to the physical effects the
advantage of following the cause through to its effect nut however minimising disadvantages
»b;/ adopting diagrammatic presentation, with a symbolism similar to that used in fault trees. It

also allows the representation of sequences and time delays. It can be used fairly directly for -

quantification.

2.3.3. HAZARD AND OPERABILITY STUDY (HAZOP).

According to Odigure (1998), it is a technique used mainly for safety review at the

design stage and in operating plant particularly before modifications. However, as a technique,

it is time consuming and requires attention of senior safety personnel while its assessment is

subjective and qualitative in probability and scope.




2.3.4 FAULT TREES:
By views expressed by Daniels and Holden (1983), they are the best known and most
widely used technique for developing failure logic. It main process is done-has first of all

selecting an undesired “top- event” and trace back to the possible causes which can be

component failures, human errors or any other events that can lead to the top event. o

2.3.5 EVENT TREES:
By Odigure (1998), event trees follow initial »evenut through to possible causes of the
gystem failure.
They are usually in a binary state system but can be used for multi- outcome states. It is
however difficult to represent interactions between even state and a separate tree will be

required for each initiating event.

v2.4 CONSEQUENCE ANALYSIS

Consequence for the undesirable event. It is used to characterize and determine
potential accidents.

The purpose of consequence analysis is therefore to act as Va finial tool in discussion

making of a safety study. These include by Opschoor and Schecker (1983) as: .

Description of the system to be investigated

Identification of undesirable events

“Estimation of the possibility of the occurrence of these events.

Determination of the magnitude of the physical effects which results

Determination of the damage.




‘At the end, the results obtained can be useful for many people and institution especially in

aiding then tounderstahd the vicinity of their abode and hoe safe the technology being used

is:

2.5 HAZARDS ENCOUNTERED

... Nigeria has about mine cement plants capable of producing six million tones per year.
The main hazard of these industries is dust. The dustllevcuel which ranges from 26 — 114.mglm3
'»were" meaéured in quarries and cement works. For individual processes, the following dust
levels were reported according to th¢ internafionql labour organisation (ILO) 6fﬁce_:

' Shale / clay extraction: 41.4 glm®

Raw materials crushing and milling: 79.8 mg/m?>

Sieving: : 384 mg/m’

Clinker grinding: 140 mg/?

Cement packing: 256. 6mg /m®

Loading e.t.c. : 179.0mg/m’>
No wonder, these particulate emission into the atmosphere is said to have killed huhdred of
palm trees in Ogun state in 1986, with the Bendel cement company Ukpilla Edo state, and thé
Ewekoro cement works in Ogun state cited as high emitters of particulate (Environmental Dept.
1988).

In modern factories using wet — process technology, 15 —20mg particles per m* are
occasionally the short-time dust values (ILO Encyclopaedia). Air pollution of these
neighbourhood is usually about 5 —10% more compared~ with the initial environmental level.
This pollution is caused mainly by. the emission of CO, SO, NOy and smaller quintiles of
hydrocarbons, aldehydes, ketone from the rotary kiln, cement mill sections. These gases are

emitted from the various reactions that occur in the rotary kiln while the dust level is quite high

10




| at these sections including the packing plant sectio”n;__These however can be reouced through
,-the use of eIectronic filters. The free silica content of dust usuaily varies between the raw
,materials and clinker or cement from which aII the free silica will normaiiy ‘have been
elimi-nate}d. ’
N}oise, ‘is one of the major problems faced by millions of employees currently working in
‘ factones all over the would when exposed to the high noise level, there is bound to be hearing
loss. The cement factory is not an exception. Worker at the milling section and especially kiIn
platforms are continuously exposed to these risk. Hearing loss can result from.:
‘-.FrOm high-pressure wave sound: for example, an explosion. The pressure waves have a high
peak value ranging from 160-180 d B,, which causes rupture to the eardrum.
- From prolonged exposure to noise level of much lower intensity than those required to
-cause the permanent damage to the delicate hair cells sensors located in the cochlea. This
action brings about progressive and permanent loss of hearing occurring over a period of 10
years.
Pathological condition encountered here cannot but be emphasised.
The packing/loading areas of the factory are probably the works hit of this condition. The dust
particles stick to their »skins there by blocking the skin pores that allow the flow of air (oxygen)

in and out of the skin for a healthy skin growth. These in tune causes various skin diseases

such as eczema for the employees. Also, the inhalation of these dust particles causes

enormous effects on the lungs of the individuals, there by causing respiratory track diseases

and digestive disorders

High ambient temperatures, especially near the furnace doors and platforms, are

witnessed. This heat which later becomes radiant heat raises the temperature of

11




sLnEroun'ding some degree Celsius higher. These make the vicinity quite hot and cases of burns

can not be neglected.

2,6 ACCIDENTS: : ‘

Peray (1986) defined accidents as any unintentional or unexpected ihterrupt?on of
orderly. progress of the work. Accidents do not happen. An accident is as a result of some :
unsafe acts or equiprﬁent. In quarrjes, accident§ are due, in most cases tb falls of earth or
rock, or during trans%pértation. In cement works, the main type of accident injuries are bruises,

cuts and abrasions that occur during manual handling work; serious accidents are rare.

2.7 SAFETY AND HEALTH MEASURES:

A basic requirement in the prevention of dust hazard in the cement industry is a precise 1
knowledge of the composition and especially of the free silica content of all materials used.
Knowledge of the exact composition of newly developed types of cement is important.

Dust, which exist generally as one of its most problematic environmental issues however

can only be reduced minimally by the use of nose-masks. In quarries, excavators should be
equipped with closed; cabins and ventilation to ensure pure air supply ahd dust suppression

measure should be:implemented during drilling and crushing. Also, the possibility of poisoning

during blasting may,.;c.)vccur and can be prevented by ensuring that workers and machineries are
at suitable distancé;;;qivuring short-firing and do not return to the blasting p_oint until all fumes
which " are nitrogent;us compounds have all cleared. Suitable protective clothing maybe ;
necessary to protect workers against inclement weather. |

All dusty processes in the cement works (grinding, sieving, transfer by conveyor jbéitS)

should be equipped with adequate ventilation systems and conveyor belts carrying cement or




s raw materials shoulld:fbe enclosed, special precautions being taken at conveyor transfer
oints. God ventilation is also required on the clinker cooling platforms, for clinker grinding and
ement- packing plants. .

The most difﬁculit: dust control‘ problems is that of the clinker kiln stacks which are
isually flitted with eleci?éstati'c filters, preceded by a bag or other filters. Ground clinkers
hbuld also bé conveyed in enclosed screw caneyors.

As in the case of rioisé inside the work boundary, most of the problems involved can be
onsidered at the designv stage or before new machineries is installed. According to force, R
Blue circle publication, 1978), the following points should be considered, however for each
stallation.

1) Regular noise surreys of the proposed site both day and night prior to construction to

accurately quantify thé noise level.

) Ensuring that areas of maximum noise levels are physically as far from the boundary as
possible.

3) Considerations of natural screening of noisy areas by other areas of lower noise level.

4) Installation of noisy thachinery in buildings of high mass to control noise breakout.

‘f) Limitations of noise .breakout from buildings by the reduction in area of doors, windows
e.t.c and where possible they should be cited away from sensitive areas.

5) Avoidance of noise sources at high level wherever possible.

limits in purchase specifications.
B) Regular noise surveys during construction and afterwards to ensure continued efficiency of

adopted measures. i




| (10) After construction, ensure that production staff can carry out good housekeeping duties

(i.e. closure of doors and windowsj with the minimum effort particularly at night.

’He further stated that in implementing this-, the long or short — term approach could be
used in trying to prptect. employees. The short- term approach is solved mainly by using
suitable ear defenders i.e. ear(?-muffs while long-term approach involves fitting of proposed

designed silencers for each item of plants or purpose designed enclosures or barriers to

 either contain or control noise breakout.

Fan noise, which is a prevalent problem. The use of silencers in the fan offers about 10

— 15 dB, reduction when employed in practical installations and are particularly effective

when the fan to be silenced has a mid to high frequency noise problem. Another source of
noise problem is the mill house. Partial endures and barriers of quite simble constructidﬁ
have also been employed for the control of noise. The use of simple wooden barrier -
between the mill is and mill control room has achieved a reduction of 11d Ba on the quiet
side of the barrier. |

Hot work points which is mainly on the kiln itself, should be equipped with cold air
showers and adequate screeningA shoLlId be provided. Repairs on the rotary kiln have to be
cooled adequately before being worked upon by young, health workers. These wdrkers
should be kept under medical supervision to check their cardiac, respiratory and sweat
function to prevent the occurrence of thermal shock. Persons working in hot environments
should be supplied with salted drinks when appropriate.

fhose working at the packing plant are probably the best hit in terms of skin diseases
and internal inflammatory disease. Apart from inhaling the cement (which is only minimised
to a very little extent by nose — masks), the cement sticks to their skins. These however

can be prevented by ensuring that the provision of shower baths and barrier creams be

14




provided for then éfter showering. Desensitisation treatment maybe applied in cases of‘
eczemé.
. : Otht;r‘ Yr.n:easures being implored include:
(a) Training of employees for safety awareness.
(b) The federal Government putting the laid down regulations guiding then into full
compliance like the factions Act 1990, in order to be certain of their safety standards
(c) Employers should provide insurance schemes for its employees.

(d) Technical research and investigative case studies to be carried out at.intervals.

TECHNICAL PROSPECTS.

Whether wet or dry process, dust still remain the§main problem faced by these great
[industry. The dust, which mainly comprises of clay dust (calcium_ carbonate) and the cement
L dust. These two modes can however be minimised. The clay dust, which is normally cbllected
below the flap- gate of the rotary kiln, can be recycled back into the rotary kiln or be made into -
lsynthe‘tic gypsum by reacting it with sulphuric acid. The other dust, which is obtained mainly

after the grinding of the clinker and gypsum, can also be collected by the use of good and

| efficient electrostatic precipitators. The dust from the ESP in turn can therefore be collected

| with the aid of a screw conveyor back to the grinding mill. This action would definitely bring
| about less air pollution to the area.

2.9 CONCLUSION.

Every one desires safety. However, the general safety of the cement technology cannot

be overlooked. Though, nose-masks, ear-muffs, head helmets, safety boots are all provided,

the general safety awareness 'impact is yet to be fully established especially in the employees .




according to the International Labour Organisation (ILQ) and the international standards
organisation (IS0) standards.

Safety measures béing implored by these industry can therefore be évaluated thrbugh
fhe use of statistical values of accidents and injuries incurred over a period of time using the
consequence analysis since it is a finial decision tdol for safety study. It wbuld aid in

determining the extent of physical and human damage. It would also help to alert the

'employee‘ns and the people living in the neighbourhood to know how safe the ;:echnology being
used is and also, enabling the industry to get information about all the known and unknown
effects that are of importance when something goes wrong in the plants and getting
information on how possible to deal with events.

The wet — process technology of cement production can be quantified by 'r_n_eans of '
mathematical methods. Since there are however no caiculation model that is available for a

specific situation, the use of the regression analysis and correlation comes in handy since the -

extent of the safety for a span of five (5) years needs to be known, thereby creating an

equation to know future consequences of each parameters measured in the nearest future.




CHAPTER THREE

" The West African part land cement company, WAPC, PLC Shagamu works was

commissioned in May 5,' 1978. They produce the “Elephant brand” of Portland cement, with a

present capacity close to one million tonnes per annum. The Shagamu works, which uses the
wet - brocess technology as against the Ewekoro works, which is designed, using the dry —
 process technology. |
3.2 TYPES OF DATA
There are several types of data that may be used to quantify rise in order to know its
| safety level. They include:

3.2.1 Accident Data:

The information available is often limited to historical records at the time. It is particularly
based on eye — witness reports, which could be extremely subjective if the sources of
information are unreliable and procedural methods, are not observed.

3.2. 2 Incident Data

o

These are information baseclt on the organisations extensive investigations iﬁto the cause
of incidents. They are often difficult to obtain due to official secrecy. |
| 3.2.3 Reliability And Event Data: - |
Reliabjlity daté are based on the probability that the system performs as the designer
intended. Event data is however, very expensive to collect and often takes a long time tc;

elapse, before a statistically viable sample has been collected.




3.3 DATA COLLECTION

ection is-to produce 2 mode\ or tool that can be used for comparison
ces risk analysis in

s verifying effects an

The aim of data coll

ctivities. This Aenh'a’n

T

the best way. Developed model \

of different industrial a

d vulnerability

helps to identify trends, to increase knowledge on probabilitie

models.
lve taking multiple measurements it

unfortunately, for many data collections, which invo
on some individuals, such data often

ements are missing
ped model. In order

n that same measur
e reliability of develo

is not uncommo

}present a major problem and could seriously affect th
for this problem 10 be handled, three main strategies Were developed. These include: '
@ Discarding all individuals with missing values.

(b) -~ Using all the partially observed data
© To full in (impute) values for any missing entries in order to produce a complete

data matrix.

For this project, the type of data collected include:
(@) Tbta\ number of accidents and hours lost in the various departments of the company.

(b) The breakdown of the type and occurrence of these accidents

(©) Emission rate and Air-flow rates of the dust particles.
(d) The kiln-shell temperature.

These data were collected from the company personnel,

technical and production

department. They were data stored in log —sheets and computers. -
. |

3.4 DATA ANALYSIS
thematical model was

the data obtained for safety purposes, @ ma

For the analysis of
r a period of five years (1995-1999).

developed on the ac;ident otatistic recorded ove
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| 344 ACCIDENT STATITICS

For the mode\\ing of these values, a regression model was developed.

| A regression model use‘d for the analysis of data is the one in which the expected value of
the one variable, called the response variable, is relatéd to the actual of the other variables
called the .explanatory'variable. The model, which comes in form of linear, logarithms,

vexponential, power, inverse, and quadratic regressions. However the linear regression was

uSed for this project. |

CALCULATIONS: ’ ,
The equation for a linear regression is: '
A=+]Y(1)
Where A = total number of accidents per year.
Y = year in question.
ety = Y- | a

Anda=A—.Z\...............................(2)

s

Where Y and A are the assumed mean from the given data of the year and

total number of accidents respectively.

The normal equation for line regression where the values of j and can be evaluated is: ;

Sa=ni+j2y (3) L

1l

And 2ay SY+ZY +oeerererrrt I ) . s

Where n = Number of sample spaces.

19




TABLE 3.1

Year: Y- 1995 | 1996 1997|1998 [ 1999

TOTAL NUMBER

Of Accidents: A | 514 502 422 398 268

=> Equ. (3) And (4) becomes:
CIERTIEN ) Y ).

FAY =LY 4T DY ettt (B) :

Since the total number of observations is odd, being equal to 5, for middle
observation, ¥ = 1997, sowe puty =Y-1997 ...........viinn. .. ()

And also, A=502.S7oweputa=A{—_502{.........................(8)

Thus the calculatior

‘table assumes:




Thus, form equatiohs~(5) and (6), substituting in the values,
 =>-406
And - 596

Then, i=-81.2and j

From Equ. (i),
a=I+jy

Substituting Equ. (ii) In (i),

=>8=-8L1.2559.6Y 1ttt e (12)

A —502 = - 81.2 - 59.6 (Y — 1997)

A-502 = - 812 - 59.6Y + 119021.2.
A = 5024 81.2+ 119021.2 - 59.6Y

A=1194422 +59.6Y . ..ot (13),

Equation (13) fits into finding the number of accidents recorded for a given year in that

company.

Also, in calculating for the various types of accident that occurred for that period of time:

Percentage occurrence = Total occurrence of the type of accident x 100

"

Total occurrence of all the type of accidents

3.4.2. AIR- FLOW AND EMISSION MEASURAEMENT.

R AR




For a span of dné hundred and ninety- four days, various measurements in the air — flow
rates of the induced:draft (I.D) fan and the emission measurements taken at the end of the
electrostatic precipitator (ESP) were obtained.

The amount of the dust content thus released into the atmosphere per volume was

calculated as:

Dust content (kg/Nm>) = The Emission measurement (ka/hr)

Air — flow Rate (Nm*hr).

The dust content proé!ij}:ced was c;alculated from those of the rotaryA‘kiIns and cement mills.
3.4.3 KILN SHELL TTEMPRATURE.
The kiln, whicb; (t;\as five distinct zones namely:
(@) The cooling 4zorig;’:
It has its mark fr;,om the meter mark to the eighteen-meter mark with a temperature range
between 150%. to 278°.
(b) The burning zone: o
This zone starts from the nineteen-meter mark to the thirty- meter ﬁwark with a
temperature range between 270% to 302%.
(c) The calcining zone:

This is the zone:where the main reactions for clinker formations occur between the thirty-

nine meter mark to the eighty-meter mark with a temperature range between 280° to 330°.
(d) The pre- heatingizone:

This zone{,tretches form the eighty-one meter mark to one hundred and fourteen

i

Meter mark with a témperature range between 260% 360°c :
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E) The Drying zone:

Its has at own mark from the one hundred and fifteen meter mark to the end i.e. one

undred and fifty- two meter mark, has its temperature range between 39°C-240°C .

However, in the rainy season, the temperature drop across the kiln shell length is about

110%. The kiln measurements were however possible with the aid of visual thermometers i.e.

pyrometers. :




4.1.2. AIR - FLOW AND EMISSION MEASUREMENT RESULTS.

TABLE 4.5. _AIR- FLOW EMISSION MEASUREMENT.

Date

Time (days)

Venue

Air flow Rate (Nm3/hr)

Emission
Measurement

(kg/hr).

15% Oct. 1999

Kiln 1

577, 064.4

3.33.38

27" Oct. 1999

Cement mill 1

17,277

2.55

28™ Oct. 1999

Cement mill 1

16,453.2

2.41

Kiln 2

744,762.6

43.58

9" Nov. 1999

Cement mill 1

29,151

54.01

Cement mill 2

20,619.6

12.20

20" Nov. 1999

Kiln 2

714,768

51.66

Kiln 1

666,339

278.36

27" Nov. 1999

51

Kiln 1

625,983.6

329.58

20™ Dec. 1999

74

Kiln 1

705,804

254.46

23%0 Dec. 1999

77

Kiln 2

754,903.2

68.75

13" Apr. 2000

189

Kiln 2

586,867.2

1. 529

19" Apr. 2000

195

Cement mill 1

24,154.2

50.93

Cement mill 2

18,219

16 .90

Table 4.5 can be expressed in mass per volume and hence, presented in Table 4.6.

Table 4.6 Ddst@cbntent released between October 1999 and April 2000

Time (days)

Venue of measurement

Dust Content (g/Nm3)

1

['Kiin 1

0.58

13

"I Cement Mill 1

0.15

14

:Cement Mill 1

0.15

Kiln 1

0.059

Cement Mill 1

1. 853

Cement Mill 2

1.592

Kiln 2

0.072

Kiin 1

0.418

Kiln 1

0.526

Kiln 1

0.361

0.009

0.003

Cement Mil 1

2.11

‘Cement Mill 2.

0.928




Total Number of Accidents/ Injuries with Hours lost In The various Departments of the cement

TABLE 4.4
“YEAR DEPARTMENT PRODUCTION QUARRY TECHNICAL MECHANICAL ELECTRICAL PROCESS MOBILE PLANT | ADMINISTRATION TRANSPORT STORI
] CONTROL Lo -
1995 NO-- HOURS LOST 283 19 105 28 6 25 Y] 23 30 30
384 8 184 252 104 8 64 248 56 56
199 NO: HOURS: 255 22 104 19 _ 22 15 49 31 31
1016 264 344 - - 56 _ - - -
1997 NO:-- HOURS: 198 14 79 22 4 23 58 57 5 5
1209 - 104 152 _ 176 224 256 25 24
1998 NO:- HOURS: 177 16 102 2 1 17 25 15 23 23
590 - 364 _ _ 32 8 112 o _
1999 NO.- HOURS;, 24 1 14 _ 5 3 9 3 2 2
: 24 . 40 128 !




4.1.4

KILN SHELL TEMPERATURE

The kiln shell temperature average for a period of two years over the full
length of the "kiln compiling of its various zones are:
TABLE 4.7 Average kiln shell Temp.

Zone

Temperature (%)

Cooling Zone

151

250

243

263

260

268

273

273




ZONE MARK (m) | TEMP.°C ZONE MARK (m) | TEMP. °C
@ 13 275 67 299 -~ -
= 14 274 Q[ 293
N 15 278 g |69 284
©H |16 269 70 201
= v 269 Q 283
g 18 269 N [» 286
19- 265 73 286
20" 271 Y 17 280
21 278 = s 279
m 2 280 G 281
23 203 | == 281
g 24 294 '6 78 280
25 289 - |79 276
Q 26 . 286 80 271
27 .. 282 8 81 267
N 28 282 82 262
29 273 83 264
30 278 84 264
m 31 286 85 255
32, 290 86 253
c 33 281 87 250
34 285 88 109
. 117 89 245
= 36 287 90 237
37 278 m 91 244
IS 269 92 250
39 267 = 93 246
3 40 264 94 250
a1 266 Q 95 249
ﬁ 2 260 % 245
258 N 97 301
255 98 306
247 ‘ 99 318
244 m 100 316
248 101 311
263 2 | 102 301
267 = 103 298
271 104 284
272 .o 282
273 “ 106 277
277 g | 107 270
279 108 273
288 109 277
301 w 110 273
300 111 270
303 £ 112 265
304 113 262
305 w 114 260
306 115 257
314 b 116 249
116 117 248
300 & 118 095
300 119 206
29 120 194




CHAPTER FOUR
RESULTS AND DISCUSSION

14.1. RESULTS.

4.1.1. ACCIDENT STATISTICS
The results obtained from the historical data is presented in
Table 4.1 THE TYPES OF ACCIDENT AND OCCURRENCE.

BRUISES LACERATION | SPRAIN | SIMPLE COMPOUND CRUSHED/HEAD
ACCIDENT | ABRASIONS FRACTUR | FRACTURE INJURY
E

CCURENCE

YEAR

1995

19%6

1997

1998

1999

Thus, from théibelow table, the total accident that occurred or the period of four
years is two thousand one hundred and four (2,104).

The percentage occurrence of each of these types of these types of accndents is
presented in table 4.2
TABLE 4.2 ACCIDENT BREAKDOWNS FOR 1995 — 1999

Type of accident Total occurrence | Percentage occurrence

Bruises / abrasions 1168 55.5

Lacerations 574 27.28

Sprain 137 6.51

Sample fracture ; 0.38

Compound fracture | 0.42

Crushed/head injury | 0.95

Burns e 6.65

Trauma 1.995

| Death B 0.285.

The above ratio can be represent using a pie — chart (fig 4.1). The total number of all

0
H)

these accidents occurring during each year is given below is in Table 4.3; and shown

using a bar chart in Fig 4.2.




Table 4.3 total numbers

of accidents.

[ Sprain
| Simplé Frac;:tu4rey ‘

' Cpmppund fracture

' [@Crushed/Head
Injury

| Bumns

YEAR: Y 1995

1996

ACCIDENT: A 514

502




Zone

Mark (M)

Temperature

IOoxr~sidixra ==

121

183

122 176
123 173
124 168
125 165
126 166
127 161
128 165
129 162
130 163
131 166
132 162
133 159
134 157
135 168
136 157

Zone

Drying

Mark (M)
137

138
139

140
141
142
143
144
145
146
147
148
149
150
151
152

Temperature
161
155
149
144
139
130
050
082
073
072
067
063
059
057
055
053




The average shell temperature is shown diagrammatically for each zone and collectively
in fig 4.3 to 4.8 below using line graphs.

FIG. 4.3 DRYING ZONE
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FIG. 4.5 CALCINING ZONE

330
305 +
280+

[va

230 +
205 +
180 +
155 -

i
b

Temperature(°C)

» |
255 X M kowen W&

kKKK

330
305
280
255
230
205 "
180 +
155 +
130 +
106 +

Temperature(°C)

5 I} { i 1 i

24 25 26 27 28 29 30 31
Mark(M)

FIG. 4.7 COOLING

T 1 ¥

32 33 34 35 36 37 38

Temperature(°C)

4 1 { Il i

9 10 11 12 13
Mark(M)

30

14 15 16 17 18




FIG. 4.8 OVERALL KILN LENGTH TEMP
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DISCUSSION OF RESULT.

Every notified accident results not only in the official compensation of the victim,
but also in a report or inquiry in the undertaking, whose purpose is prevention.

From the presented results in table 4.3, it was observed that the rate of
occurrence of accidents decreased considerably over the period. Hoyyeyer,n the

production department happened to have produced about 46% of the occurred

accidents (table 4.4). Not surprisingly thefefore, bruises and Abrasions are the most

common which are due mainly from falls from altitudes e.g. from ladders or slips on wet

or slippery floors.

Bums and sce;lds, which accounts for about 6.65% of the total accidents that
occurred (table 4.2) is a thermal injury. These are caused when a portion of the body
surface is exposed to either dry or moist heat carrier of sufficiently high temperature. It
occurs mainly in thg production and electrical unit of the company, due to increased

probability of exposure to the hot kiln shell and shock from electrical appliances.

Trauma, which-is caused mainly by the consequences of nerve injuries




(Osundosumu, 1999), are sensory in nature. They may also be due to vibration acts
(Osundosumu, 199.9);, these never injuries in turn are sensory in nature and may result
to persistent pains, faulty reception of sensations, disturbances in the nutrition‘ of the
parts supplied by :;,the nerve affected and weakness or paralysis of muscles with‘
corresponding impairment of functions. Traumatise. Injuries, which may manifest as
shock, bleeding, fractures, dislocations and head/crushed injuries account for about

8.26% of the accidents.

Lacerations are caused by falling loads, stones, being run over, and accidental

contact with machines such as milling cultures, toothed wheels and rollers. From the

obtained statistics, laceration is about 27.28%.

No matter their type, accidents lead to production time-loss. From the available

statistics,

;
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le 4.4, the greatest hours jost was recorded in 1996 with total lost hours being one thousand,
il

hundred and ninety—sixif(l,ﬁ%), production department having the greatest of the hours lost in

97 with one thousand, tWo hundred and seven (1,209) hours. Actually, these hours lost can be

of the main causes of accidents are treated properly and the sources verified. For instance,

e fractures, dislocations; sprains are occasionally followed by nutritional disturbances of the

ire section of the Iimb; Its delayed consequences include: stiffening of joints; withering of

scles and heightened sensitivity to cold. Also, for head injuries, with regard to facial area, there

ybe masticatory troubles, if jaw bones have not being properly set, it may lead to dental

nage; if the injury is related to the cavities (ILO encyclopedia, (1983) adjacent to the nose, it—

ds to lasting complaintsi"‘as a result of compression or strangulation. Deafness and disturbances
equilibrium may occur éffér a fracture of the base of the skill, which if extended to the temporal

§

'e that harbours the 'mi'fdcille, and inner ear and the organ of balance in man.

B
%

From table 4.3 a considerable decrease in the total number of accidents was noticed with
kh parting year. San in the regression equation (equation 3.12), negative regression line of
ation, can be used to predict the possible number of accidents that can occur for a certain year.

would enable the conéerned authorities to check the number of faults and easily identify the
es of these faults. Encouraging however is the fad that company has developed good safely
asures trying inducing‘ff;o inform the employees the regulatory safety rules and regulations.
ong these is the educatfiénal measure adopted to increase employees awareness of the factories
1990 provisions by thévf._ederal government.

tiv
3R

But, it was also noticed that trauma, (table 4.1) considerably in the last two years. These

i d
Hed

Id be attributed to increased vibrations actions due to the presence of more heavy. machineries

probably to ageing of the older equipment.




Another noticed hazard of this industry is the dust emissions these are released mainly from
e kiln and cement mill. The emission consists mainly of limestone and cement dusts with

condary emissions of gaseous products of combustion gases such as Cox, SOx, NOx, ketone, and

ehydes e.t.c. (Industry and Energy Division, Environmental Dept. 1995).

From the results oBtained, in table 4.6, the weight of the dust released per volume is said to
considerably high. ThiS is because the international labour organisation (ILO) recommends
out 15-20mg per volu;;ie (ILO encyclopedia, 1983) for a wet — processing technology but the
pany though obtaineci its minimum dust released rate on the 189 ’day of testing at the kiln 2
h a value of 3mg per vblume and the worst six days after i.e. 195 day at the cement mill 1. With

alue of 2110mg per volume. The reason for this enormous discharge at the cement mill maybe

to duality dust collecting system i.e. the electrostatic precipitator (ESP).

The consequences:of high dust emission on its employees and its environs are numerous.

could result to incfease lung diseases e.g. bronchitis, silicosis from sand blasting
undosumu, 1999), and skin diseases such as eczema (ILO encyclopedia, 1983).

Thermal pollution is.one of the greatest problems of facing the world today. From the from
| results presented in table 4.7 and as shown in fig 4.4 to 4.9, a relatively cool environment is
ced at the drying zone while the highest shell temperature is witnessed at the calcining zone.

to the kiln shell temp;erature, the ambient temperature of the surrounding 7is‘}_‘rra§§¢q by ar_fe_\‘/v_

frees, sometimes by abbut 10°c at say, 5m from the kiln surface.

A trend however was also noticed on some of the marks i.e. on 35m, 63m, 90m and 118m,

emperature there are greatly reduced due to the of presence of cooling lubricants close to

marks.




The emitted heat led to the total warning up of the environment by about 3°C. This is

sed by the refused of ‘hot, dense air of the kiln environment to mix with the cooler air of the

losphere. The consequence of this action leads to various kiln aliments such as prickle heat

re on the people.

It should be noted that while this whole project is not to allocate responsibility and place

es on individual or organisation, there is need for more attention to be placed on these

istry so that further hazards to lives and machineries are minimised.




CHAPTER FIVE

)INCLUSION AND RECOMMENDATION.

CONCLUSION K
In conclusion, safefy on the general view is not only on life, but also on the environment.

bm the study, it has éhdwn that considerable time and money is lost due to downtime (Ioét
urs) and in compensatinn payment to employees. Investigations revealed that large emissions of
ment dust and Iimesto;}e” are daily plunged into the atmosphere along with secondary emissions
m combustible gases, ar: action that constitute great nuisance to the society.

The consequences “of these action if not properly handled could lead to various health
zards such as the respiratory — track diseases and skin diseases. These easily result in lost hours
production and sometimes litigation expenses.

Due to the expense of these consequences, the management of safety in the industry
hnot be left alone to employers, but also the employees. Also, in ensuring a high safety level
ng old designs and machineries is the most challenging responsibility of the company and the
ety manager in particu‘lzavlr. This can be achieved through proper planning, organizing, executing

controlling a uniquely..!designed program that moves the organisation towards safety and
Lith objectives. .
The company thongh international standard 1S0 9001 compliant in terms of the product

ality still has to be international standard 1S0 14001 compactable with the environment.




{2 RECOMMENDATIONS:

In ensuring safety measures of the cement company, the following recommendations are

en: ;
Training of employeesl to achieve high standards of environment all performance by providing
f-essary awareness and giving specific training on the cement production,

"s Proper manager of its environmental impacts in particular by:

- Reducing emissions to atmosphere wherever practicable.

- Minimise waste arising and maximise recycling.

- Maintaining high standards of house — keeping and appearance at sites.

Carrying out regular environméntal audits to monitor progress.

Carrying out regular overhauling of plants as at when due.

Regular medical check:+ ups to be carried out on their employees especially those at the dense

a

ust related areas e.g. .the packing plant.
The use of automated control devices such as alarms, to inform the people near the plants to

- off when» there is going to be a start — up or shut — down of the machinery.
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APPENDIX A

THE FACTORIES ACT 1990

The Factories Act, 1990 contains 89 sections and 5 schedules it is divided into 11 parts.

Is on :the registration of suitable premises as a factory (Section 1 — 6)

Contains the general provisions for securing and maintaining health conditions in

the Factories (Section 7 — 13).

Deals with general provisions on safety (Section 14 ~ 39).

Deals with general requirement for welfare of persons employed (Section 40 -
44).

Sets out the spe‘cial pfovisions and regulatior;s on Health, Safety
And Welfare (Section 45 — 50).

Deals with the notification and investigation of accidents and
Industrial diseases (Section 51 — 55).

Specifies épecial application of provisions of Act — (Section 56 ~ 57).
Is on record keeping in General Registers, duties of persons employed etc.
(Section 58 — 62).

Deals with administration of the Act (Section-63 — 68).

Contains offences, penalties and Legal proceedings — (Section 69 = 81).

Deals with the general application of the Act (Section 82 — 89).

This Act is meant to provide for the registration of Factories, for

Regulation of both working conditions and use of machinery in the

Factories.




HIGHLIGHT OF THE PROVISIONS OF THE FACTORIES ACT:-

1. MEANING OF FACTORY

}T‘he factories Act is applicable to 6nly the premises.constituting factory as expressed by
Section 87 of the Act.

‘The expression “Factory” _ihcludés éhy premises where one or more persons are employed
'in_ajny‘proc,ess bf manufacturing, alvtering‘, repairing, ornaménting, finishing, cleanihg or
:Wa'shing," breaking» up or demolition, adopting for sale of any arﬁcle. Others premises
where ten or more pérsons are employed. In this category are mechanical workshop, dry

| 'd'ock, printing press, electric power generating station, works, laundry, and e.t.c.
Such work must be carried on as a business for purpose of profit or gain.

Open-air premises are not excluded even if there is no factory building or machinery being

used.

The act equally applies to factories belonging to or in the occupation of the Government of

the Federation or of a state.

2 It is illegal to occupy or use any premises as a factory without having been registered by

the director of Factories (Section6).

The essential Health retirement include:
General cleanliness of the factory-section 7

Avoidance of overcrowding so as not to cause risk of injury to the health of -

employees-section 8




iii. Adequate ventilation by the circulation of fresh air-section 9.
iv. Provision of sufficient lighting either natural or artificial (section 10.

V. Provision of sufficient and suitable sanitary accommodation separate for each sex

section 12. ) | ‘

HIGHLIGHTS OF THE SAFETY REQUIREMENTS o

i. Proper guarding of dangerous parts of machinery including transmission machinery,

motors, lathes, etc.-sectidn 14-17

i Provision of an efficient starting ands toping devices for power machinery section:

16.
iii. Construction and maintenance of machinery — section 19.
iv.  Construction and disposal of new machinery — section 20.
V. Adequate training and supervision of workers — section 23.

vi.  Initial and periodic testing and examination of hoists, lifting machines; cranes, lifting

tackles, etc ~ section 25 —~ 26.
vii.  Provision of safe means of access and safe place of employment —- section 28.

viii. ~ Provision of life line, breathing apparatus and resuscitatory apparatus of work in

confined space — section 29.

iX. Removal and control of explosive of infllmmable dust gas or fumes — section 30.




Xi.

Xii.

Xiii,

Xiv.

xviit.

XiX.

36.

Initial and 'periodic testing and examination of steam boiler, steam container air

receiver and other pressure vessels — section 31 — 33.

Provision and maintenance of adequate fire detector and suitable fire ~ fighting

equipment — section 35.
Careful storage of highly inflammable substances in fire resisting store — section 35.

Provision of sufficient emergency exits, well marked and unobstructured — section

Construction of all doors affording mead of exit from the factory to open outwards —

section 36.
Power of inspectors to issue improvement and prohibition notices section 37 — 38

Provision of effective means for removal of injurious or effective dust or fumes —

section 45. ‘ '

Prohibits eating in rooms where poisonous or injurious dust or fumes are present =

-~ section 46.

Provision and maintenance of sufficient and suitable protective clothing and

appliances for protection of person employed — section 47.

Provision of suitable goggles or effective screen for certain scheduled processes

such as welding, fettling, chipping, etc section 48.

Provision of screening at arc welding area — section 48.




xxi. The obligation of factory occupies to notify the inspectorate of any industrial

accidents and diseases. Section 51 — 53. '

f

xxii. Keeping of record in the general register in the prescribed form — section 58 — 59

xxiii.  Posting of abstract df Act, regulations and notices in a prominent position — section

60.

5. THE ESSENTIALS OF WELFARE -REQUIREMENTS INCLUDE: ’

I. Provision of adequate supplies of wholesome drinking water at conveniently

accessible places — section 40

Provision and proper maintenance of adequate and suitable washing facilities at

convenient places — section 41. :

ii.  Provision of suitable accommodation for clothing not won during working hours —

section 42. )

iv. Provision of first aid resuscitates as listed in the first aid Boxes (prescribed

standards) order 1958 — section 43 — 44.




APPENDIX 11

CHECKLIST FOR WORKPLACE INSPECTIONS

The inspection team while carrying out a workplace inspection must check the following.

Inspection records:

Geﬁeral house keeping (cleanliness, exist free from obstacles, drainage
etc.) |

- Overcrowding

- Ventilation |

- Lighting r

Guarding of machinery Q ,

- El‘ectrica| equipmént ' |

- Welding equipment

Hoist and lifting equipment

Ropes, chains and accessories.

Air receivers and compressed air lines

Dust, fumes, gases

Fire detector and fire fighting equipment



Fuel/ oil paint stores , S
Noise.

Chemicals in ﬂuse.
Pér‘sona\ protective equipment | -
Individuals work areas.
Trucks and transport yehicles.
Welfare facilities (drinking water, washing facilities, cloakroom)
First aid

Sanitary accommodation.

work organisation problems

- Condition of the building (walls, floors, ceiling)

Safety awareness.
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