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ABSTRACT

In Nigeria most cities are water stressed, none of the cities are having regular water supply. Quality water for
human consumption is a primary duty of the government but they have failed. Also, current cost of boreholes
installation has increased beyond their capacity due to Naira devaluation in the world market. Water resources
management requires constant monitoring in terms of its qualitative-quantitative values. This study presents
potential impact of the Project Evaluation and Review Techniques (PERT) mathematical model software
development for the supply of domestic well-water treatment plant. After testing software against the values
then, the 37days calculated Expected Time (ET) is unreliable because the risk involved in this project is (100 —
34.23) % = 65.77 %. However, a new completing date can be predicted by PERT mathematical model for
supply of domestic well-water treatment plant by varying probability of completion to predict new date of
completing the plant. Therefore, concerning this research the Initial probability was moved from 34.23% to
90%. By interpolation with 37 days; the new acceptable date was 97.28 days. The risk involved now (100 —
90) % reduced to 10%, a very good comfortable zone for the project. This information has really helped in two
ways: for easy computation and decision making in water supply scheme project. This result is useful in
industrialization, individuals, housing estate, small and medium scale industries where quality domestic well-
water for crops production is a necessity. Hence, it is recommended that, the developed mathematical models
performed satisfactorily upon validation with real life data while human and technical risk factors were

established critical area to the safety management in manufacturing industry.
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INTRODUCTION

Water is very important source of life. Drinking water supply is
one of the prime services to be provided by government in any
nation. Now days, A paramount issue is water i.e., its
availability, quality and management. Because there is a
supersonic growth in wide urban residential areas, as a result
there is insufficient water supply. Thus, there is a need to
provide better water management system (Wright, 2012). To
satisfy the customer’s requirement as well as to avoid faulty
conditions there must be a better water supply management.
Water supply management can be defined as “Dealing with
water in the best possible way”. Problem arises in the water
supply management system due to improper water supply
management and they will have to pay an equal amount
irrespective of usage of water by individual houses
(Amirtharajah and O’ Melia, 2014).

Water is one of the most common substances known. It is a good
solvent for many substances and rarely occurs in its pure form
in nature. Natural water includes rain water, spring water, lake
water, river water, well-water and sea water (Garg, 2019). Rain
water is the purest form of natural water because it is formed as
a result of the condensation of water vapour in the atmosphere.
Spring water contains a considerable amount of mineral salts but
very little suspended impurities such as dust, sand and dirt, so it
is a good source of drinking water when treated. Some well-
water contains a lot of clay and other mineral salts. One of the
tools that are used to solve problems of surface water pollution
is modeling of changes which take place in lake waters and
associated water quality changes. Such a model can be used to
predict water quality, taking into account changes that affect
water quality factors or changes in their intensity. The accuracy

of environmental assessment using models depends on the
understanding of processes which occur in the environment and
on appropriate choice of mathematical equations that describe
them. On the other hand, it depends on available data sets,
namely results of the measurement of water quality indicators,
on which the estimation of parameters and coefficients of the
model is based (Gromiec, 2018).

A well that is used as a source of drinking water should be sited
away from sources of underground water pollution such as pit
latrine and lined with bricks and covered. Water from deep wells
tends to be less polluted than that from surface wells (Syed et.
al., 2015). Generally, it is safer to boil well-water before
drinking. River water, lake water and sea water contain a lot of
dissolved air, mineral salts, bacteria and organic remains. These
waters have to be specifically purified before they can be used
for drinking (Cleashy, 2013). Water source means either surface
water includes streams, rivers, lakes or reservoirs and
underground water such as springs, well or boreholes.

In recent years, computer simulation methods are becoming
popular in scientific research, particularly as far as the research
on the aquatic environment quality is concerned. Methods of
computer analysis have become an independent branch of
research, which substantially increases the research capabilities
of modern eco-engineers (Holnicki et al., 2010).
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Classification of Mathematical Models

The most general division of software modules used to model
the processes occurringin the environment includes (Holnicki et
al., 2010):

a) Physical models (laboratory); and

b) Mathematical models, including: Analytical models - based
on exact solutions of the equations of mathematical physics, and
Numerical models - using approximate solutions.

Depending on the complexity of computer simulation models of
surface water quality, they can be divided into three groups:

One-Dimensional Models (1D), the simplest and most
commonly used models in the analysis of river water quality,
which assumes that significant changes in the parameters
determining water quality occur only along the longitudinal
profile of the water course. One-dimensional inflow-outflow
models are based on measuring the concentration loads of water
parameters flowing in and out. On this basis changes in the
concentrations of all parameters are calculated. One-
dimensional models are not designed to calculate the variation
of concentration at the time, so one cannot get information on
the specific hourly, daily and monthly water quality parameters.
These programs do not describe the complex chemical, physical
and biological reactions in water reservoirs which are an
essential factor regulating changes in the water quality
parameters. An advantage of these programs is that they can be
applied quickly to any other water reservoir without pre-
calibration and with small available database of measurements
(Balcerzak, 2012).

Two-Dimensional Models (2D), which assume that significant
changes in water quality

occur not only along but also in the longitudinal profile of the
watercourse, and therefore it is necessary to analyse water
quality at various depths. Two-dimensional models are used
most often in the case of lakes, reservoirs or deep rivers and
require more data and more analytical experience of the user
than the one-dimensional models. They require careful
calibration and are sensitive to changes of many parameters of
water quality. The end result of these programs is a forecast of
water quality parameters close to measurements of actual
concentrations. Assessment of individual parameters can be
performed for given time intervals, ie hour, day, week, month
and year (Balcerzak, 2012).

Three-Dimensional Models (3D), which examine the spatial
distribution of concentrations of simulated water-quality
parameters. Three-dimensional models are used to simulate
changes in water quality in the sea bays, lakes, dams and deep
rivers; they require huge amounts of data and extensive
analytical experience from the user. They are most rarely used
because of high complexity of the analyzed issues. As with other
areas of the environment, computer modeling of surface water
quality issues requires a multidisciplinary approach in which
mathematical methods and modern computer technologies are
applied simultaneously with the basic techniques in the field of
environmental engineering. This applies to the description of
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physical phenomena associated with the formation of pollutants,
their distribution and the changes which take place in the aquatic
environment, as well as the application of computational
methods and models for hazard analysis or control of water
quality in specific cases (Holnicki et al., 2010). From the
standpoint of applications, the ultimate goal of the model is to
use it as a supportive tool in monitoring and forecasting surface
water quality, as well as while taking planning decisions.

Due to the extent and spatial scale, several categories of models
are considered:

a) Operational Models (OM)- typically related to short-term
forecasting and used to real-time control of water reservoirs or
flow rate in order to maintain established parameters. Such
models require automatic entering of current input data.

b) Tactical Models(TM)- associated with the use of operational
decision-making in taking tactical actions in which relationships
of the “input-output” type between the key parameters of the
system are vital. The time horizon of this type of analysis covers
a period of couple of days, weeks or even a season in the case
of control of water quality in a river. In terms of tools used in
the tactical model, steady-state analysis and quantitative
economic and environmental instruments are used most
frequently.

¢) Strategic Models (SM)- refer to a longer time horizon, where
one can analyze, predict, or plan the state of the environment as
a projection of the current state, taking into account all the
relevant trends. This type of modeling is based on an analysis of
the results of computer simulation of various scenarios and
analysis of its efficiency; and

d) Directional Models (DM)- concern long-term forecasts
related to structural changes, testing the possibility of
sustainable development and the evolution of the whole system.
Properly chosen calculation programs are the tool that is used to
model changes in the aquatic environment. They simulate the
behaviour of the aquatic environment and the way its parameters
change. These parameters include water temperature, wind
strength and direction, the concentration of dissolved oxygen,
salinity of water, the amount of biogenic compounds and other
parameters depending on the complexity of a program (Bielak,
2011).The world's first surface water quality model was created
in 1925 in the United States of America, by Streeter and Phelps
in order to layout the location of drainage sewage outfalls on the
Ohio River (Chapra, 2017). It was a one-dimensional model,
based on the balance of oxygen and simple linear equations.
Although since then more than 80 years have passed, basic
approach to modeling of surface water quality has not changed,
since the construction of all models is founded on three basic
principles, ie the conservation of mass, momentum and energy.
Ordinary and partial differential equations are used to describe
the dynamics of phenomena occurring in the surface waters
associated with the spread of various pollutants. For each
physical quantity (in the considered control volume and time
interval) the general law of conservation is as follows (Holnicki
et al., 2010).:

Inflow outflow + source of change = accumulation
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METHODOLOGY
Materials and Methods

The mathematical model was developed for domestic well-water treatment plant was evaluated using data obtain from a building
site at Road Q Plot 17, Oba Ile Housing Estate, Akure North Local Government Area, Ondo State, Nigeria. This house is a storey
building of 23 occupants of four flats of 3-bedrooms and one Boy’s Quarters (BQ).

Development of Mathematical Model Equations for Water Requirements

Q) Bathing (Shower)

Assuming there are an adult and C children in the building. An adult is assumed to use 8 litres per minute for 5 minutes in bathing
and 8 liters per minute for 4 minutes for a child and takes place twice in a day (Deolalikar, 2004).

Hence;

The quantity of water used in bathing

=8x5x2xA-8x4x2xC

= 80A - 64C

=16 (5A-4C) 1)
2 Flushing (Toilet)

Each occupant is assumed to use 10 litres per flushing (Deolalikar, 2004 and Innocence et al., 2009) with a water closet (flush
valve) and that each person in the residence goes to toilet three times in a day. Therefore, the quantity of water use in flushing the
toilet is given as:

The quantity of water used in flushing=10x3xA-10x3xC
= 30(A-C) )

?3) Washing of Clothes

Let X and Y be the least number of clothes that an adult and a child can wear in a day respectively, if 5 and 4 litres of water will
wash a cloth for an adult and child respectively (Innocence et al., 2009). The quantity of water for washing of clothes.

5XAXX-4xCxY

5AX —4CY 3)

(@) Cooking

If an adult eats twice a day with 4.5 litres of water per meal, and children thrice with 4litres meal (Innocence et al., 2009).
Hence,

Quantity of Water for Cooking = (9/2) x2x A-4x3xC

=0A-12C

= 3(3A-4C) )

(5) Drinking

If an adult drinks 4 litres in a day and children 3.5 litres per day. (Innocence et al., 2009), then, Quantity of water fordrinking =
4A +35C (5)

(6) Washing of Plates and Utensils

Suppose it takes 3.75 (15/4) litres of water to wash a set of plate per meal.
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Each cooking activities uses 5 litres thrice per day to wash utensils.  (Deolalikar, 2004)

= (B3x5M4)x2xA-(3x5/4)x3xC-15

= (15/4) x 2A—(15/4)x 3x C—15

= 15/2A - 45/4C - 15

= 75A-11.25C-15 (6)

@) Sanitation/Hygiene

Sanitation/Hygiene requirement differ by technology used for health benefits it is up to 20 I/c/d (Innocence et al., 2009) and it can
be computed as:

Sanitation/Hygiene = 10(A + C) (M
Total Demanded

Hence, the total quantity of water demanded is given as the addition of quantity of water for each of the activities. (That is, Bath +
Toilet + Clothes + Cooking + Drinking + Washing Plates + Sanitation/Hygiene).

Calculation of Residential Water Requirements

The ultimate focused of this research study is mainly on basic residential water requirements, among the various types of buildings
came across in the course of the study, a standard family home is considered and established as indices for developing model for
other type of buildings. For this reason, let consider a storey building of 23 occupants in four flats of 3-bedrooms and one Boy’s
Quarters (BQ) to be used as a prototype for mathematical model equations with the following information. Some relevant
information used in this report were gotten from a house that makes use of a small scale domestic well-water treatment plant which
has a capacity of 5 m® located at Road Q, Plot 17, Oba Ile Housing Estate, Akure North LGA, Ondo State, Nigeria.

1) number of adult in the building A = 4

) number of children in the building C = 4

?3) the least number of clothes an adult can wash in the residence per day X =5

4) the least number of clothes children can wash in the residence per day Y =5

(5) adult and children goes to toilet three times per day;

(6) adult and children takes their bath twice per day;

) there is at least an open well installed with surface or well submersible water pump;
8) a well stationed overhead tank with a minimum water capacity 4000 liters, and

9) There is at least moderate power to the building to power pumping machine.
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Table 1: Calculation of Quantity of Water Demand
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SIN Author(s) and Year | Types of Mathematical Model Quantity Gaps Identified
Demand/ Equations Demanded for
Activities each Activities
Litres/day
1. Deolalikar, 2004 Bathing (showers) | 80A + 64C 576 The model developed depending on
80(4) + 64(4) the technology associated with a
house hold act.
2. Deolalikar, 2004 and | Toilet 30 (A+C) 240 The model was developed for only
Innocence et al., 30(4+4) water used for toilet and domestic
2009 uses
3. Innocence et al., Washing (Clothes) | 5,Ax4.C.Y 180 The model developed did not
2009 545+4.45 considered that user with pipe
collection may consumed more per
cloth than a household
4. Innocence et al., Cooking 9A +13C 84 The model developed for food
2009 9.4+12.4 preparation
5. Innocence et al., Drinking 4A +7/2C 30 The model developed depend on
2009 4.4 +712/4 the environmental condition
6. Deolalikar, 2004 Washing (Plate 15/2A + 45/4C + 15 90 The model only considered the
and Utensils) 15/2.4 + 45/4C+15 average daily requirement of water
for bathing , cooking and washing
7. Innocence et al., Sanitation/Hygien | 10 (A +C) 80 The model is suitable for sanitation
2009 e 10 (4 +4) purposes
8. Total Qty 1280
Dem. Unit/ Total / (A+C) = 1280/8 = 160
Person/day Total / (4 +4)

It was observed from the above Table 2.2 that the quantity of
water used for various activities were calculated through the
developed mathematical model equation from Equations 2.2 to
2.8 to arrive at the total quantity of water needed. Therefore,
dividing the total quantity of water needed by the total number
of person in the building gives the daily water requirement per
person from the above data supplied, the daily water
requirement per person is 160 (160litres per person per day).

Equation Generation

A regression analysis can be used in order to: (i) characterize the
relationship between the dependent and independent variables
by determining the extent, direction, and strength of the
association, (ii) seek a quantitative formula or equation to
describe the dependent variable as a function of the independent
variable(s), (iii) describe quantitatively or qualitatively the
relationship between independent and dependent variables but
control for the effects of other variables, (iv) determine which
of several independent variables are important and which are not
for predicting a dependent variable, (v) determine the best
mathematical model for describing the relationship between a
dependent variable and one or more independent variables, (vi)
assess the interactive effects of two or more independent
variables with regard to a dependent variable, (vii) compare
several derived regression relationships, and (viii) obtain a valid
and precise estimate of one or more regression coefficients from
a larger set of regression coefficients in a given model

(Rawling,2005). In this research, regression analysis has been
used to seek a quantitative equation to describe the costs of
treatment plant (dependent variable) as a function of treatment
capacity and other parameters like area, feed capacity, etc.
(independent variables). A number of set of observations
(estimates in case of this research) can be plotted on a graph to
get a scatter diagram. Basic questions to be dealt with in
regression analysis are: (i) what is the most appropriate
mathematical model to use — a straight line, a parabola, a log
function, a power function, or what?, and (ii) how to determine
the best-fitting model for the data? (Rawling, 2005). Common
strategies to tackle first problem are: (i) forward method —
begins with simply structured model and adds more complexity
in successive steps, if necessary, (ii) backward method — begins
with a complicated model and successively simplifies it, and
(iii) model suggested from experience or theory. Two methods
to solve second question are: (i) least-squares method, and (ii)
minimum-variance method. Both these methods yield same
solution (Rawling, 2005).

Order-of-magnitude estimates of projects can be done by
making adjustments to cost of similar project, if available, with
respect to variables like time, location and size. These
adjustments require appropriate cost scale-up and location
factors. Cost indexes are used to measure a given project to a
basis and typically reference a base year, which is assigned an
index value of 100 (Stein, 2002). The oldest cost index currently
being used by the engineers is the Engineering News Record
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(ENR) index, which started in 1909 (Grogan, 2004). Cost and  similar project at different time and/or location. Equations 2.9
location indexes available in the United States are listed in and 2.10 can be used to estimate costs (adapted from Remer,
Appendix Il. Inflation and location indexes use a base year or  (2008)).

base location. These indexes can be used to estimate the cost of

Cost2 is Costl X (Cost Index2/Cost Index1) (8)
Where:

Cost 2 is estimated cost at time of construction

Costl is Actual/estimated historical cost

Inflation Index1 is Inflation index at construction/estimation of historical cost

Inflation Index 2 is Inflation index at time of construction

Cost2 is Costl X (Location Index 2/Location Index1) 9)
Where:

Cost2 s estimated cost at location of construction

Costl is Actual/estimated cost at location of project of available data

Location Index1 is Location index at location of project of available data

Location Index2 is Location index at location of construction

Gumerman, (2009) recommended two methods to update the construction, and operation and maintenance capital cost to current
dollars. The first method was to use a single index (ENR/CCI was recommended). The second method recommended was to use
different indexes for eight aggregated cost components. Cost data provided in USEPA reports (Gumerman, 2009) were divided
into eight components for construction costs: excavation and site works (A), manufactured equipment (B), concrete (C), steel (D),
labour (E), pipes and valves (F), electrical and instrumentation (G), and housing (H), and three components for operation and
maintenance cost: energy (includes electricity (1), natural gas (J), and diesel (K)), labour (L), and maintenance material (M).
Equation 2.9 gives these cost components and applicable indexes as suggested by Gumerman, (2009) and Qasim, (2002). Equation
2.10 - present worth and annual equivalent worth calculation. Present worth (PW) of annual operation and maintenance capital cost
is a minimum sum that must be invested today at a given interest rate to pay for Operation and Maintenance (O & M) capital cost
every year throughout the life of the water treatment plant. Equivalent annual cost is uniform series of expenditures at the end of
each year that is equivalent to different non-uniform Operation and Maintenance (O & M) capital expenditures made during the
life cycle of the treatment plant (Qasim, 2002). Equivalent annual cost is used to calculate cost per unit of water treated. Also, when
different alternatives are considered, equivalent annual costs are used to compare and select the most cost effective alternative. The
present worth of annual Operation and Maintenance(O & M) capital cost, and equivalent annual costs are obtained from Equations
2.11, and 2.12 respectively.

PW of annual O&M cost = (total annual O&M cost) x CRF-1 (10)
Equivalent annual cost, $/year = project PW x CRF (11)
Where,

O & M is Operation and Maintenance capital cost
PW is Present Worth
CRF is Capital Recovery Factor = i/(1 — (1 + i)-n)

IR is Interest Rate in design period or years; (Rawling, 2005).
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Due-Date Prediction of Domestic Well-Water Treatment
Plant for Household Community

The domestic well-water treatment plant exposes the
feasibilities of using the dynamic method of controlling the
terms of investment and construction projects during the
underground construction, particularly the principles of
ensuring the completion of construction projects to meet the due
date, because in many cases project deadline are usually
exceeded which leads to project failure. The aims and results of
the projects plant installation deals with the relevant issues of
project schedule control, methodology study based on
application of schedule timeliness index and schedule progress
index, indicating upon reaching the critical value of extreme
deviations from the forecast project duration of targeted project
implementation at any moment of time.

The suggestion herewith, is to calculate the minimum possible
durations for each project activity and estimate the project
duration safety margin coefficient of the project of underground
construction. Based on the safety margin coefficient value it is
suggested to define the border values for project shift from one
status to another upon criteria of its timely completion
possibility. The suggested methodology can be recommended
for use by underground construction project managers in order
to prevent a potential failure of project completion deadlines.
The system indicating critical project time variance enables us
to initiate the process of project schedule adjustment before
point of no return and herewith prevent project failure. The
studied methodology was implemented in modern project
management software sphere.

The due-date prediction of domestic well water treatment plant
for household community is a period right from the day of
negotiation to the day of commission of the project. The
following factors need to be put into consideration such as time
allocation, capital materials need, proximity to the market,
market value and numbers of workers and working forces.
Quantity of delivery for example, cost services and reliability.
For example, due-date prediction of plastic/bottle water.
Besides that, the expiration date on bottled water has certain
benefit for the manufacturer. Although water, in and of itself,

The equations used are;
For Expected Time, “Et” =

For the Variance, “V” = [%]2
For the Standard Deviation, “6” = /27, V
To find the Total Number of Period, “Tp” = ET + V
For the Normal Variant of Scheduled Time “Z”
oz = (Tp—Er)

14
N.B: Find Z under Normal Distribution Table or by interpolation
Developed Model for Cost

0; +P; + 4ML;
6
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does not go bad, the plastic bottles in which it is contained in
does expire and will eventually start leaching chemicals into the
water.

People also ask?

0] Why do bottles of water have expiration date? — like
science

(i) Can water bottles expire?

(iii) How long is bottled water good if un-opened? and

(iv) Can water spoil?

Network Analysis and Its Terms

Network Analysis: is a generic term for a family of related
techniques developed to aid management in the planning and
control of project, (Ugwu, 2007).

PERT: The outcome of the team’s efforts was the development
of the network technique known as PERT (Project Evaluation
and Review Technique). PERT was used to plan and control the
development of the Polaris missile and was credited with saving
two years in the missile’s development. Since 1958 the
technique has been developed and nowadays many variants
exist which handle, in addition to basic time factors, costs,
resources, probabilities and combinations of all these factors. A
variety of names exist and some of the more commonly used
are: Critical Path Planning (CPP), Critical Path Analysis (CPA),
Critical Path Scheduling (CPS), Critical Path Method (CPM)
and Project Evaluation and Review Technique (PERT) costs.

PERT Mathematical
Prediction

Model Developed for Due-Date

To determine the expected completion time for these
procurement activities, all the time attached to each activity on
the paths were added together and compared. The path with the
longest time is the expected completion time for the
procurement activities using Equations (1), (2), (3), (4) and (5)
to determine: Expected Time (ET), Variance (V), Standard
Deviation (SD) and Probability of Success (Z) of the date
respectively.

(12)
(13)

(14)
(15)

(16)

The cost model considered: well-water unit, pressure filter, dosing, clean holding water tank, installation material and labour cost.

Nomenclature

Q is quantity of each item

P is price per unit item

Tp is total price of a set of similar components
EC is estimated cost of the whole project.

TE is total estimate to be charged by contractor.
TC is total cost of the major components.

IR is interest rate (percentage) = (n%)
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U1-6C is total cost of the whole processing unit with labour and other miscellaneous expenses.
U1C is cost of components in processing unit 1 (Well-Water Unit)

U.C is cost of components in processing unit 2 (Pressure Filter Unit)

UsC is cost of components in processing unit 3 (Dosing Unit)

U4C is cost of components in processing unit 4 (Clean Water Holding Tank Unit)

UsC is installation material cost

n is the number of items

UeC is cost of labour

T, = Qi X Py = q1P1,92D2, 43P3) - -~ qnPn 1"
TC = [Yi,api] = a1ip1 + @2p2t...+ Qups (18)
Ui_¢C = [Z?:l qipi] = [2?21 q1p1lug + [Z?=1 q1p1lux+... [271'1:1 q1p1]uy (19)

The Cost of Well-Water Unit Components

UGy = [pqli1 + [pqliz + [pqliz + [pqlis + [palis + [palis + [Pqli7 + [Pqlis + [Pqlie = [Z?=(12 ‘éspl]ul
Where [qp]11 to [gp]woare:

Pumping machine, PVC conduit pipe, valve fitting, socket fitting, elbow fitting, union fitting, well submersible pump, marine
rope and T-fitting cost respectively.

The Cost of Pressure Filter Unit Components

UzC = [pql21 + [P9)22 + [Pql2s + [Pql2a + [Pq)2s = [Xi=1 piqilue (21)
Where [pq]21 to [pg]zsare;
Filter tank, activated carbon, fine sand, coarse sand and gravel respectively.

The Cost of Dosing Unit Components

UsC = [qpl31 + [aplsz + [qplss = (D aipilus (22)
Where [gp]s1 to [gp]ssare;
Dosing pump, chemical solution tank and chlorine drum costs respectively.

The Cost of Retention Water Tanks Unit Components

UsC = [qplas + [qplaz = [Xi=1 qipilus (23)
Where [gp]41 and [gp]szare;
Clean water holding tank, and raw water tank costs (Retention Tanks)

The Cost of Installation Material (IMC)

UsC = [qpls1 + [qp)sz + [qplss + [qplsa + [ap)ss = [27=; qipil us (24)
Where [gp]s: to [gp]szare;
Electric cable, electric switch, tipper of sharp sand, tipper of granite and a bag of cement costs respectively.

The Cost of Labour Cost (LC) Components
UsC = [qpler + [ap]ez + [aPles + [aPlss = [Xi=1 qipi] us (25)
Where [gp]e1 to [gp]esare;

The Cost of plumbing labour, masonry labour, cost of electrical labour, and miscellaneous expenses respectively.

Ui_6C = [216:1 qipilui—¢ = [ZL'G:1 UiC] =U,C+ U,C+......UgC (26)
IR=n/100 27)
EC = [X{ qipilwi—¢ + TE (28)
TE = [Y{.; qipilus—6 X IR (29)
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RESULTS AND DISCUSSION
Table 2: Activities Expected Time and Variance Computation in Domestic Well-Water Treatment Plant.

SIN | Act. | Preced. Activity A B C Pessimist | Expected Variance =
Activity Description Optimistic | Most Time Time  Et= | [(Pt — Ov)/6]?
Time Likely (Py) Ot+P+4ML: | Or
(O1) Time 16 V=[(C-A)/6]?
(Ml
1 A - Feasibility Study- | 2 4 6 24/6 =4 0.4444
site identification
-geophysical
survey
2 B - Design Plan 11 7 15 54/6 =9 0.4444
3 C A B Materials 2 5 8 30/6=5 1.0000
Selection/ Cost
Estimation
4 D B,C Construction 3 6 9 36/6 =6 1.0000 *
Layout
5 E B, D Well digging 4 8 12 48/6 =8 1.7777 *
6 F C,D Component 2 3 4 18/6 =3 0.1111
Assembly
7 G E,F Test-run  of the | 5 7 9 4216 =7 0.4444 *
System
8 H G Commissioning 1 2 3 12/6=2 0.1111 *

The data collected in Table 2 was used for computing the Expected Time “Et”, Variance “V”, Standard Deviation “SD” and
Probability of Success “Z” of the date respectively. The PERT network of the project obtained from the Table 2 is given in the
Figure 1.

Project Network

Fig. 1: PERT Network of the Project.

Determination of the critical path is done by computing each path duration from the Table 2 and Figure 1. The following underlisted

paths were possible to be able to find the critical path for these activities. These paths are;
[A=4,B=9,C=5D=6,E=8F=3,G=7and H=2]

Determine the critical paths and select the highest value for the project completion due-date

SIN Activity’s Paths Procurement Activities Total

1. A—p C—p F_5 G —3H 4+5+3+7+2 21

2 A—» C — D p F—p» G —p H 4+5+6+3+7+2 27
3 A—p C —5 D —pE —p G —pH 4+5+6+8+7+2 32
4 B—bpC—F —5 G —H 9+5+3+7+2 26

5 B—p»C—»D_3,F—35G_—3H 9+5+6+3+7+2 32
6 B—C—»D—pE—35G—pH 9+5+6+8+7+2 37
7 B—»D —YJHE—5 G—3pH 9+6+8+7+2 32

8 B—»D—F— G _—3H 9+6+3+7+2 27

9 B—»E—5 G —3pH 9+8+7+2 26

Total Paths =9

The critical path is

B # C w # 4 4":9+5+6+8+7+2:37
Expected Completion Time, Et = 37 days (sum of critical path), and

The Standard Deviation is given by:

B mmpp C — i m—

0.4444 +1.0000 + 1.0000 + 1.7777 + 0.4444 + 0.1111 = 4.7776
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V2=47776
WV =+V4.7776
V =2.1857 = 2.186
V =2.2 days
Total Number of Variance (V1) = 2.186 days = 2.2 days
Total Expected Date = Expected Completion Time Et + Variance
Teo = Er+ V7
= 37+2.2

39.2 days = 39 days
Hence, the probability of domestic well-water completion not more than 39 days (1 month, 8 days) or later than the expected

completion time is:

7 = Qo= = 39-37 = 2 = 0.909090

22 B 22
Under Normal Distribution Table, 0.9 under “0.9” = 0.3389 = 0.34 (Krajewskiet al., 2019)
1f 0.900000 is 0.3389 (on the Normal Distribution Table)
Therefore, 0.909090 by interpolation will be

0.900000 —6:3389

0.909090 By cross multiplication
0.900000 Zn =0, % 0.3389
.909090 x0.3 — 0.308090601

Zn=
0.900000 0.900000

Zn=0.34232289 = 0.3423

Zn =0.34232289 x 100%

Zn=34.23%
Since the Expected Time (Et) is 37 days, this was used as value for completing household community well-water project due date.
The variance was approximately 2.2 days, the probability of completing the plant installation and not more than 2.2 days later than
37 days was 34.23% then, the 37 days calculated expected time (Er) is unreliable because the risk involved in this project is (100—
34.23)% = 65.77%. However, a new completing due-date can be predicted by the developed mathematical modelfor cost prediction
by varying probability of completion to predict new date of completing the plant installation. Therefore, concerning this research

the initial probability was moved from 34.23% to 90%. The new acceptable due-date was predicted thus:
%X ET

Z

:an =

90x37 3330

Therefore, x = s = e 97.28 days, while the Zn = 90%.

The risk involved now (100 — 90) % reduced to 10%, this is in a very good comfortable zone for the project.

90% 34.23%
3

T}ays|

Interpretation of Result using Interface

Using the above formula

%X Er
Zy
The results obtained from PERT can be evaluated using Interface for Z-Scores Selection (Due Date).

:an =
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Fig 2: Interface for Z-Scores Selection (Due Date)

Operation: View the table carefully and enter the value of Z into the Zn field the click the Zn button to compute.
N.B: Incase Z-scores is not available directly, interpolate.
Pick the immediate low value of Z, to the actual value Z, then pick the immediate high value of Zx to the actual value Z.

Determine the new Zn required. Zy = Zzﬁ
l

With reference to my case study and given the Table 2, the estimated cost for the project can be calculated using the mathematical
model.
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Table 3: Unit Price and Quantity of each Components

SIN COMPONENTS UNIT PRICE (P) (N) QUANTITY (Q)
1 Pumping Machine 30000 1
2 PVC Conduit Pipe 700 7
3 Socket Fitting 200 10
4 Elbow Fitting 200 10
5 Union Fitting 200 8
6 Valves Fittings 400 9
7 Well Submersible Pump 32000 1
8 T-Fitting 100 8
9 Marine Rope 3000 1
10 Activated Carbon 1000 2
11 Fine Sand (stone dust) 2000 1
12 Coarse Sand/Garnet 2000 2
13 Gravel 2000 1
14 Filter Tank 40000 1
15 Chemical Solution Tank 4000 1
16 Dosing Pump 45000 1
17 Chlorine Drum 35000 1
18 Clean Water Tank 30000 2
19 Plumbing Labour 30000 1
20 Masonry Labour 15000 1
21 Electrical Labour 10000 1
22 Electric Cable 500 20
23 Granite 30000 1
24 Sharp Sand 20000 1
25 Electric Switch 1000 3
26 Cement 2600 6
27 Miscellaneous Expenses 10000

Source: Field Work, 2020.

Table 4: Computation of the Well-Water Unit [U1] Cost

S/IN  COMPONENTS UNIT PRICE (pi) QUANTITY TOTAL COST (M)
(g TC= qipi

1 Pumping Machine 30000 1 30000

2 PVC Conduit Pipe 700 7 4900

3 Socket Fitting 200 10 2000

4 Elbow Fitting 200 10 2000

5 Union Fitting 200 8 1600

6 Valves Fittings 400 9 3600

7 Well Submersible Pump 32000 1 32000

8 T-Fitting 100 8 800

9 Marine Rope 3000 1 3000

UiC

= 79900

9
[Z qipilug
=1

Source: Field Work, 2020.
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Table 5: Computation of the Pressure Filter Unit [U2] Cost

1 Activated Carbon 1000 2 2000
2 Fine Sand 2000 1 2000
3 Coarse sand/Garnet 2000 2 4000
4 Gravel 2000 1 2000
5 Filter Tank 40000 1 40000
U.C 5
[Z qipilu; = 50000
i=1
Source: Field Work, 2020.
Table 6: Computation of the Dosing Unit [Us] Cost
1 Chemical Solution Tank
4000 1 4000
2 Dosing Pump 45000 1 45000
3 Chlorine Drum 35000 1 35000
UsC
3
) amilus - 84000
i=1
Source: Field Work, 2020.
Table 7: Computation of the Retention Tanks Unit [U4] Cost
1 Clean Water Holding Tank 17500 1 17500
2 Raw Water Tank 17500 1 17500
UsC 2
) amidus = 35000
i=1
Source: Field Work, 2020.
Table 8: Computation of the Installation Material (IM) [Us] Cost
1 Electric Cable 500 20 10000
2 Granite 30000 1 30000
3 Sharp Sand 20000 1 20000
4 Electric Switch 1000 3 3000
5 Cement 2600 6 15600
UsC
78600

5
[Z q;pilus =
-1

Source: Field Work, 2020.
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Table 9: Computation of the Labour Cost (LC)[Us]

Mathew, Adefemi and Fadiji

FJS

1 Plumbing Labour 30000
2 Masonry Labour 15000
3 Electrical Labour 10000
4 Miscellaneous Expenses

5000

UsC

4
[Z qipilus
i=1

1 30000
1 15000
1 10000
1 5000
= 60000

Source: Field Work, 2020.

Table 10: Summary of the Computation of Percentage Contribution

S/No Components % Contribution
1 Uz = Well Water Unit 17.18
2 Uz = Pressure Filter Unit 10.75
3 Us = Dosing Unit 18.06
4 Us = Clean Water Tank Unit 7.53
5 Us = Material Installation Cost (MIC) 16.90
6 Us = Labour Cost (LC) 12.90
7 IR = Interest Rate of Total Estimate 16.67
Total 100%

Source: Field Work, 2020.

In addition to these, the percentage contributions of each criterion to the total project estimate were found to be: 17.18; 10.75;
18.06; 7.53; 16.90; 12.90 and 16.67 percent respectively for the units as listed in Table 10.

DISCUSSION

The main criteria required for domestic well water treatment
plant installation which are cost of mathematical model and due-
date for the project has been identified in this research as: Well
water, pressure filter, dosing, clean water tank, material
installation, labour and rate of interest or total estimate required.
The developed software model was evaluated using data
obtained from a building site at Road Q Plot 17, Oba lle Housing
Estate, Akure North Local Government Area, Ondo State,
Nigeria.

After testing software against the values in Table 2 then, the 37
days calculated Expected Time (Er) is unreliable because the
risk involved in this project is (100 — 34.23) % = 65.77 %.
However, a new completing date can be predicted by the
developed decision support system by varying probability of
completion to predict new date of completing the plant.
Therefore, concerning this research the Initial probability was

moved from 34.23% to 90%. By interpolation with 37 days; the
new acceptable date was 97.28 days. The risk involved now
(100 — 90) % reduced to 10%, this is a very good comfortable
zone for the project.

CONCLUSION AND RECOMMENDATION

This research has identified the parameters for budgeting and
development of mathematical models. Mathematical models
based on historical information collected were harmonized to
generate an PERT network of the results. In recent years,
computer simulation methods are becoming popular in scientific
research, particularly as far as the research on the aquatic
environment quality is concerned. This is done to avoid project
failure, and maximize limited budget available and minimize
cost. On the overall, the software that was developed can be used
by construction consultants, project managers and site engineers
to mathematical models of domestic well-water treatment plant.

FUDMA Journal of Sciences (FJS) Vol. 4 No. 2, June, 2020, pp 552 — 566

565



PERT MATHEMATICAL...

Further work can be added tosolve problems of surface water
pollution is modelling of changes which take place in lake
waters and associated water quality changes. Such a model can
be used to predict water quality, taking into account changes that
affect water quality factors or changes in their intensity. The
accuracy of environmental assessment using models depends on
the understanding of processes which occur in the environment
and on appropriate choice of mathematical equations that
describe them. On the other hand, it depends on available data
sets, namely results of the measurement of water quality
indicators, on which the estimation of parameters and
coefficients of the model is based. Methods of computer
analysis have become an independent branch of research, which
substantially increases the research capabilities of modern eco-
engineers and this research to care for the manufacturing
industries in other to ensure clean water consumption. This
model can be improved to care for irrigation on farm land or
animal husbandry. This project will be ideal economical for
household, industries, institutions and for construction
companies who have the mind of constructing to required
standard. Hence, it is recommended that, the developed models
performed satisfactorily upon validation with real life data while
human and technical risk factors were established critical to the
safety management in manufacturing industry.

REFERENCES

Amirtharajah, A., and O’Melia, C. R. (2014). “Coagulation
Processes: Destabilization, Mixing and Flocculation”. Water
Quality and Treatment: A handbook of Community Water
Supplies, 4™ Edition, American Water Works Association,
McGraw-Hill Inc., New York, pg. 269-365.

Balcerzak W. Application of selected mathematical models to
evaluate changes in water quality.In: International Conference
on Water Supply, Water Quality and Protection. Krakow;
2012.

Mathew, Adefemi and Fadiji

FJS

Bielak S. Assess and predict the ecological status of river
ecosystem in Biebrza National Park. [PhD Thesis]. Krakow:
Technical University of Krakow; 2011.

Chapra SC. Surface Water - Quality Modeling. New York -
Toronto, USA: McGraw-Hill Companies, Inc.; 2017.

Cleashy, J. L., (2013)."Filtration" Water Quality and Treatment:
A Handbook of Community Water Supplies, Fourth Edition,
American Water Works Association, McGraw-Hill, Inc., New
York, 455-560.

Garg, S. K. (2010). Water Supply Engineering, 11"Edn,
Khanna Publishers, New Delhi, 129-135.

Gromiec MJ. Mathematical Modeling of the Quality of Surface
Waters. Warszawa: InstytutMeteorologiiiGospodarkiWodnej;
2018.

Holnicki P, Nahorski Z, Zochowski A. Modelling of
Environment Processes. Warszawa:
WydawnictwoWyzszejSzkotyInformatykiStosowanejiZarzadza
nia; 2010.

Krajewski, L.J., and Ritzman, L.P. (2019).“Operations
Management Strategy and Analysis”. 5™ Edition, Addison
Wesley, N.Y. pp 3-5.

Syed. M., S.M.S. Nadeem and S. Rehana,(2015) Determination
of water quality parameter of water supply in different areas of
Rarachi city, Europe Acad. Res1: 6030-6051

Wright. B.F; (2012) Rural Water Supply and Sanitation 3™
Edition, Robber E. Kruger Publishing Company, Huntingum
New York, USA.

©2020 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is cited appropriately.

Glocs

FUDMA Journal of Sciences (FJS) Vol. 4 No. 2, June, 2020, pp 552 — 566 566


https://creativecommons.org/licenses/by/4.0/

