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ABSTRACT

In this paper, Monte Carlo method is used to find the best possible way to arrange the buildings and
equipments to reduce dust pollution in Uma Uya project. Finally, the excellent facilities placement of the
project facilities is achieved and presented. Dust pollution is the introduction of chemicals, particulate matter,
or biological materials that cause harm or discomfort to humans or other living organisms, or cause damage
to the natural environment. Thus, dealing this problem is really considerable. Uma Oya is a major tributary
of Mahaweli Ganga originating from Nuwara Eliya. The Oya traverses Welimada and Kandaketiya in Badulla
district. Its confluence with Mahaweli Ganga is just above the Rantabe reservoir. As it can be seen from
results, if there was a wrong mobilization the dust pollution will be high. While, using a correct layout keep
dust pollution down. It is clear from results that minimum dust pollution coefficient is about 0.02. While, for
a incorrect layout it can reach to 0.32. According to findings we can say that Monte Carlo method is a useful
method for finding the best site plan layout for keeping dust down.
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Introduction

Random methods of computation can be applied
to solve complex systems. Monte Carlo method as a
random method is useful in many areas of
computational mathematics, where a lucky choice can
find the correct result. Monte Carlo method is used
in optimization to solve various problems by
generating suitable random numbers and observing
that fraction of the numbers that obeys some
properties. This method is useful for obtaining
numerical solutions to the problems that are too
complicated to be solved analytically.

Pollution is the introduction of contaminants into
a natural environment that causes instability, disorder,
harm or discomfort to the ecosystem i.e. physical
systems or living organisms [2,12]. Pollution can take
the form of chemical substances or energy, such as
noise, heat, or light. Pollutants, the elements of
pollution, can be foreign substances or energies [2],

or naturally occurring; when naturally occurring, they
are considered contaminants when they exceed
natural levels [3,9]. Pollution is often classed as point
source or no point source pollution.

There are many researchers which develop
different algorithm to optimize site mobilization [13].
The first type of these algorithms  was Craft
algorithm developed in 1963. Due to the some
limitations in the model, Johnson and Jacobs develop
Space Craft and 3D Craft algorithms in 1982 and
1984, respectively [10]. H.C.66 was introduced by
Heiler and Konor in 1966. This algorithm was
modified by Volman, Aldep and Kerlep [11].
Tomelin and Cheng introduce Moplan and Arc Site
algorithms in 1993 and 1996 [16,5].

In the 21st century, millions of people are
working daily in a dusty environment. They are
exposed to different types of health hazards such as
fume, gases and dust, which are risky factors in
developing occupational disease.
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Dust is a sort of air pollution and is a general
name for solid particles with diameters less than 500
micrometers. Particles in arise from various sources
such as soil dust lifted up by wind as an air
pollution. Dust contains small amounts of many
materials which may be found in the local
environment [1].

A place dust exist on all surfaces and even in
the air. Different mites can be found in the local
dust. They excrete enzymes to digest the organic
particles, and excrete feces, that together become part
of the house dust, and may irritate allergies [7].

Alternately, the hygiene hypothesis posits that
the modern obsession with cleanliness is as much a
problem as house dust mites. The hygiene hypothesis
argues that our lack of prior pathogenic exposure
may in fact encourage the development of ailments
including hay fever and asthma [14,8].

Dust is widely present in the galaxy. Ambient
radiation heats dust and re-emits radiation into the
microwave band, which may distort the cosmic
microwave background power spectrum. Dust in this
regime has a complicated emission spectrum, and
includes both thermal dust emission and spinning
dust emission [6].

The total dust that can be produced by a project
is influenced by its site mobilization; therefore, the
use of optimized mobilization helps to keep dust
down.

Large projects such as dam construction involve
different facilities including batching plants, crushing
plants, etc. Moreover, controlling their facilities and
choosing the best arrangement of them for dust
controlling are extremely complicated. In addition,
there is no simple solution to find an optimized plan.

Materials and methods

Site Mobilization Management:

Site mobilization management is an
interdisciplinary field primarily devoted to optimize
facility placement effects on the nature and workers.
It can be achieved by optimizing facilities placements
such as batching plants and crushing plants, having
harmful effects on workers health. The duty includes
managing the facilities placement to keep harmful
effects down using the best arrangement of facilities.
This duty can be assisted by computer programs.

Dust Pollution:

A situation may be considered as dust pollution
if it disturbs any natural process or causes human
harm, even if the dust does not occur on a regular
basis. The dust pollution is a common sort of air
pollution which poses challenges in many areas of
engineering.

Air pollution is the introduction of chemicals,
particulate matter, or biological materials that cause
harm or discomfort to humans or other living
organisms, or cause damage to the natural
environment.

Indoor air pollution and urban air quality are
listed as two of the world's worst pollution problems
in the 2008 Blacksmith Institute World's Worst
Polluted Places report [15]. An air pollutant is known
as a substance in the air that can cause harm to
humans and the environment. Pollutants can be in the
form of solid particles, liquid droplets, or gases. In
addition, they may be natural or manmade [17].
About 4 percent of deaths in the United States can
be attributed to air pollution, according to the
Environmental Science Engineering Program at the
Harvard School of Public Health.

Sources of air pollution refer to the various
locations, activities or factors which are responsible
for the releasing of pollutants in the atmosphere. The
prevailing source of dust pollution in construction
sites is from facilities making dust. In construction
sites, batching plants, crushing plants, cement silos,
and material transportation dust can disturb workers
habits, thereby affecting the manner in which
workers in areas around site work. In site areas,
material transportation, dusty facilities, and even
construction dust can cause breath disruption in
humans, heart disease, and in severe cases even
mental instability.

Causes of Dust Pollution:

Dust is a fact that you can see, taste or smell.
The air around us is constantly filled with dust. Most
of us would probably say we are surrounded by dust.
The dust sources in a construction site should be
determined and explained.

Cement silo is involved in the development of
structure of this advanced and modern world but
generates dust during construction in a site. Cement
dust causes lung function impairment, chronic
obstructive lung disease, restrictive lung disease,
pneumoconiosis and carcinoma of the lungs, stomach
and colon.

Dust around the batching plant is the flow of
harmful dust gases on a large scale. And, it consists
of the bulk movement of air. Produced dust can be
classified by the batching plant speed, the types of it,
the construction site region, and the way it is used.

Crushing plant is usually used to crush rocks to
final small particles in which lots of dust can be
produced. Using a dust controller during crushing
and carrying process will suppress surface dust and
minimize fine airborne particles from crushing
operations. For example, the fine mist generated by
the units can help reduce dust related health
concerns, complaints and potential fines. Position the
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dust controller over coring or crushing operations to
help eliminate potentially harmful dust emissions,
near the clinkers for cooling and reducing dust
during grinding, or wherever dust creates a nuisance.

The material transportation operation is also
dusty. Perhaps not so bad, but certainly dusty enough
to give us pause. When we observed the loader in
operation, we saw clouds of dust rising from the
hopper when it was "charged" with a load. This dust
was seen to blow in the wind well clear of the plant.

Monte Carlo Method:

Monte Carlo methods (or Monte Carlo
experiments) are a class of computational algorithms
that rely on repeated random sampling to compute
their results. Monte Carlo methods are often used in
simulating physical and mathematical systems.
Because of their reliance on repeated computation of
random or pseudo-random numbers, these methods
are most suited to calculation by a computer and
tend to be used when it is unfeasible or impossible
to compute an exact result with a deterministic
algorithm.

Monte Carlo simulation methods are especially
useful in studying systems with a large number of
coupled degrees of freedom, such as fluids,
disordered materials, strongly coupled solids, and
cellular structures (see cellular Potts model). More
broadly, Monte Carlo methods are useful for
modeling problems with significant uncertainty in
inputs, such as optimization. These methods are also
widely used in mathematics: a classic use is for the
evaluation of definite integrals, particularly
multidimensional integrals with complicated boundary
conditions. It is a widely successful method in risk
analysis when compared with alternative methods or
human intuition. When Monte Carlo simulations have
been applied in space exploration and oil exploration,
actual observations of failures, cost overruns and
schedule overruns are routinely better predicted by
the simulations than by human intuition or alternative
"soft" methods.

The Monte Carlo Method uses random numbers
to determine the answer to problems. The Monte
Carlo method usually gives an approximate answer,
and we should use a large number of trials to find
the exact answer. This method is used to solve
complicated problems in many areas of engineering
by generating suitable random numbers and observing
that fraction of the numbers that obeys some
properties. Analyzing using this method has six steps.
Generating a parametric model, generating a set of
random inputs, evaluating the model and finding
inputs that obeys model properties (live points),
repeating step 1 to 3 (trials), and finding the
probability which is given by equation 1.

      (1)LIVE POINTS
RESULT

ALL POINTS


Uma Uya Project:

Uma Oya is a major tributary of Mahaweli
Ganga originating from Nuwara Eliya. The Oya
traverses Welimada and Kandaketiya in Badulla
district. Its confluence with Mahaweli Ganga is just
above the Rantabe reservoir. The drainage area of
Uma Oya is about 700 sq.kms. Studies for the
development of water resources of Uma Oya have
been made from time to time mainly for the purpose
of hydro power development in the Mahaweli basin.
From the early planning stage of the Mahaweli
Development Programme, several proposals for the
development and utilisation of water resources of the
Uma Oya basin have been made by United States
Operations Mission (USOM) and the Canadian
Hunting Survey Corporation (CHSC) as early as
1959. Later UNDP/FAO Master Plan studies
(1968/1969) for accelerated Mahaweli programme
proposed the construction of the Upper and Lower
Uma Oya reservoirs.

Later the "Master Plan for the Electricity Supply
in Sri Lanka" carried out by the Lahmeyer
International Company in Germany during 1988-1989
identified three-stage development in Uma Oya to
generate hydro power. Subsequently the concept of
three stage development of the Master Plan Study
was reviewed in 1989 by a panel of experts from
Germany and recommended a two-stage plan.

The Government of Sri Lanka launched the
accelerated water resources program of Mahaweli
Ganga in 1978 with a view to increase the
production of food and power and to alleviate
unemployment. However no attention was paid to the
development of Hambantota, Monaragala and Ampara
districts. While large extents of suitable land are
available in these districts, the lack of adequate water
resources acted as a major constraint for
development. The need to augment water resources
of the area became a vita when pursuing a
development policy based on irrigated agriculture as
the fundamental economic activity. Among identified
possibilities, the trans basin diversion of water from
the upper catchment of the Uma Oya into the Kirindi
Oya basin appeared to be one such option.

In view of that, a pre-feasibility study of the
Uma Oya Multi-purpose Project (Trans basin option)
was carried out by the Central Engineering
Consultancy Bureau (CECB) in 1991. While looking
for various possibilities for augmenting irrigation
water supplies to this dry zone region, the CECB
conceived a multi-purpose scheme for the
development of the Uma Oya water resources as an
alternative to the in-basin hydro power development.
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According to this concept, water from the Uma Oya
would be diverted through a 24 km tunnel to the
upper Kirindi Oya basin to augment the Kirindi Oya
flow and in the process generate a large quantity of
electrical energy per annum, utilizing the drop of
about 550 mg in a single-stage power development.

The latest study of the Uma Oya basin is the
trans-basin scheme prepared by SNC Lavalin
Inc.(Canada) in 2000. This study was aimed at a
comprehensive evaluation and assessment of the best
scheme, from in-basin and trans-basin alternatives
which have previously been studied. The consultant,
SNC-LAVALIN, recommended the trans basin
diversion option based on the conditions prevailing at
that time.

The proposal in a nutshell is to construct a
medium high dam across Uma Oya and a small dam
across Mahatotila Oya, which is a tributary of Uma
Oya with its confluence at Etampitiya. It is proposed
to divert 192 mcm of water annually through a 23.2
km long tunnel to a underground power house at
Randeniya on the right bank of Kirindi Oya, The
installed capacity of the power house is 90 MW to
produce 312 GWh of electrical energy. The water
released from the power house will be used to
supplement Handapanagala and Lunugamvehera
Reservoirs in addition to 5000 ha of new land
cultivated in Wellawaya, Buttala areas in Monaragala
district. The total cost of the project in year 2000
was Rs.16,000 million.

The key issue regarding the development
scenarios discussed for the development of water
resources of Uma Oya is the assessment of water
availability of Uma Oya by different consultants at
different times. According to Lahmeyer International
the flow at the Welimada stream gauging site which
is slightly upstream of the diversion site was
estimated as 258 MCM. The NEDECO Hydrological
Crash Program(HCP) in 1980-1984 ,had the principal
objective to review the status. According to
NEDECO study the annual average flow at the dam
sites, which intercepts 254 sq.kms of Uma Oya
catchment can be interpreted as 188 MCM and the
NEDECO also had expressed their concerns over the
poor quality of historical data at the river gauging
site in the Uma Oya. The pre feasibility study carried
out by the CECB in 1991 reported 277 MCM of
annual flow. According to the more recent study by
SNC-LAVALIN Inc the water availability at the
proposed site was estimated as 228 MCM of annual
flow. The most recent review of the water
availability by the Ministry of Irrigation was 211
MCM.

In view of the above, the reason for this drastic
difference in the estimates was a matter of concern.
All previous reports on Uma Oya reported unreliable
and poor quality of available hydrological data.

It has to be noted that it is not logical to assume
that all available water at the dam sites can be
diverted due to the downstream water requirements
and also due to the rapid fluctuations of water levels
in the river caused by flash floods. From detailed
studies it was found that from the annual total of 211
MCM of water volume only 130 MCM can be
diverted to Kirindi Oya based on the most recent
estimate of 211MCM of total water. Based on this,
the annual generation of power was estimated as 175
Gwh. This is a reduction of 56 % in comparison to
the estimate of 312 Gwh made by the consultant
SNC-LAVLIN. Figure 1 shows the project site plan.
The place of the dams, shaft and tunnels are listed in
table 1.

Results and discussion

Mathematical Model of Dust Pollution:

Dust mathematical model (%D=dust effect
coefficient) were be assumed as equation 2.

        (2)
( ) ( )
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In which R is the maximum distance between
the dust source and site plan border's points. And, r
is distance between the dust source and the point
which is considered to calculate the dust effect at it.
Also, (θ-n) is angle differences between wind
direction and a line between source point and target
point (Figure 2).

Figure 3 shows a dust mathematical model. In
the model the dust source is located at (1,1) and R
is assumed to be (2)1/2.

Optimization:

Using Monte Carlo method the place of the
facilities have been optimized and the dust effects of
mobilization has been minimized. Figure 4 and 5
show the dust effects of mobilization for different
trials of Monte Carlo method. It is clear from the
results that Monte Carlo method is really useful for
dust controlling in a site mobilization optimization.
Figure 6 and 7 show the final optimized place of the
facilities.

As it can be seen from results, if there is a
wrong mobilization the dust pollution will be high.
While, using a correct layout keep dust pollution
down. It is clear from results that minimum dust
pollution coefficient is about 0.02. While, for an
incorrect layout it can reach to 0.32. According to
findings we can say that Monte Carlo method is a
useful method for finding the best site plan layout
for keeping dust down.
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Table 1: Facilities
Phupola Dam Dyraba Dam First Tunnel Second Tunnel Shaft Third Tunnel Forth Tunnel

X 217750 220165 218865 226240 232375 233275 234635
Y 190435 187415 188805 183730 178215 177555 176340

Fig. 1: Uma Uya project site plan.

Fig. 2: Wind direction and dust source.

Fig. 3: Dust mathematical model.
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Fig. 4: Dust pollution changes.

Fig. 5: Dust pollution drop.

Fig. 6: Facilities placement (Close to dams).

Fig. 7: Facilities placement (Close to shaft).
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Conclusions:

The site mobilization frequently poses challenges
in areas of environment and workers health and
dealing with this type of problem is really important.
Dust is one of the most important parameters that
can be harmful for workers.

In this paper, Monte Carlo method is used to
find the best possible way to arrange the buildings
and equipments to reduce dust pollution in Uma Uya
project. Finally, the excellent facilities placement of
the project facilities is achieved and presented. The
results show that:
a. The most important causes of dust production in

a construction site are cement silos and dusty
roads.

b. Simply recognizable routes without any formal
construction or maintenance make dust in many
construction sites.

c. If there is a wrong mobilization the dust
pollution will be high.

d. Using a correct layout keep dust pollution down.
e. It is clear from results that minimum dust

pollution coefficient for Uma Uya project is
about 0.02. While, for an incorrect layout it can
reach to 0.32

f. According to findings we can say that Monte
Carlo method is a useful method for finding the
best site plan layout for keeping dust down.

References

1. Abadi, S., 2009. The Great American Hygiene
Survey Results Revealed. AOL Health Press.

2. Allahyari Pour, F., K. Mohsenifar and E. Pazira,
2011. Affect of Drought on Pollution of Lenj
Station of Zayandehrood River by Artificial
Neural Network (ANN). Advances in
Environmental Biology, 5(7): 1461-1464.

3. Arbabian, S. and M. Entezarei, 2011. Effects of
Air Pollution on Allergic Properties of Wheat
Pollens (Triticum aestivum). Advances in
Environmental Biology, 5(7): 1480-1483.

4. Arbabian, S., Y. Doustar, M. Entezarei and M.
Nazeri, 2011. Effects of air pollution on allergic
properties of Wheat pollens (Triticum aestivum).
Advances in Environmental Biology, 5(6): 1339-
1341.

5. Cheng, M.Y. and J.T. Connor, 1996. Arcsite:
Enhanced GIS for construction site layout.
Journal of construction engineering and
management, 122(4): 329-336.

6. Christopher, H., 2004. Effect of Ambient Air
Pollution on Pulmonary Exacerbations and Lung
Function in Cystic Fibrosis. American Journal of
Respiratory and Critical Care Medicine, 169(7):
816–821.

7. Finkbeiner, D.P., M. Davis and D.J. Schlegel,
1999. Extrapolation of Galactic Dust Emission at
100 Microns to CMBR Frequencies Using
FIRAS. Astrophysics Journal, 524: 867-879.

8. Holmes, H., 2001. The Secret Life of Dust.
Wiley Press.

9. Hosseini, S.J. and M. Sadegh Sabouri, 2011.
Adoption of Sustainable Soil Management by
Farmers in Iran. Advances in Environmental
Biology, 5(6): 1429-1432.

10. Kusiak, A., S.S. Heragu, 1987. The facility
layout problem. European journal of operational
research, 29: 229-251.

11. Lee, R.C. and J.M. Moore, 1967. CORELAP-
Computerized relationship layout planning.
Journal of industrial engineering, 18: 195-200.

12. Mohsenifar, N., N. Mohsenifar and K.
Mohsenifar, 2011. Using Artificial Neural
Network (ANN) for Estimating Rainfall
Relationship with River Pollution. Advances in
Environmental Biology, 5(6): 1202-1208.

13. Rosenbaltt, M.J., 1986. The Dynamics of Plant
Layout. Journal of management Science, 32(1):
76-86.

14. Steedman, C., 2002. Dust. Manchester University
Press.

15. Sunyer, J., 2001. Urban air pollution and
Chronic Obstructive Pulmonary disease: a
review. European Respiratory Journal, 17(5):
1024–1033.

16. Tomelein, I.D. and P.P. Zouein, 1993. Interactive
dynamic layout planning. Journal of construction
engineering and management, 119(2): 266-287.

17. Turner, D.B., 1994. Workbook of atmospheric
dispersion estimates: an introduction to
dispersion modeling (2nd ed.). CRC Press.


