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ABSTRACT
Energy demand is increasing worldwide amid rising fuel cost and environmental
pollution. Small Hydro Power has emerged as alternative source of energy that can be
easily harnessed with minimal environmental impact. Since 1980, several studies have
been conducted in Ghana on potential sites for Small hydro power schemes. This thesis
assesses the prospects of developing Randal Falls or Kintampo Falls into a mini
hydropower scheme for power generation. Randal Falls has the potential for producing
electricity by using hydro turbo"— generator. Area rainfall method using rainfall and
temperature data of the catchment area was used to estimate the flow rate and the
available head measured using a GPS receiver. The results of the work reported here
indicate that the proposed site has a gross head of 50.93 m and a designed flow of 0.32
m?*/s which is available 95% throughout the year. Crossflow turbine was selected as the
preferred turbine with specific speed of 62, runner diameter of 380 mm-and runner length
of 140 mm. An 8 poles induction motor was selected as the generator with estimated size
of 134 KVA and rotational speed of 750 rpm. The estimated power produced was 114
KW. RETScreen module was used to analyze the financial viability of the project. Annual
energy production estimated from the module was 880 M\Wh and the anticipated revenue
to be generated is $90,830.The initial cost of the project estimated by RETScreen was

$395,000. From the module, the simple payback of the project was 4.9 years.
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CHAPTER ONE
INTRODUCTION

1.1 General Introduction

The demand for energy is increasing day by day with the growing of industry and living
standard of people. To overcome this demand, new sources of energy have to be
exploited. Dependence on fossil fuels to generate electricity results in a high greenhouse
gas emission which is leading to glebal warming with=it asseciated consequence coupled

with climate change.

The total amount of fossil fuel reserves in the world is around 785 GTOE. Coal that has
been formed 300 million years ago accounts for 500 GTOE which represents 65 % of the
fossil fuel reserves. Oil also formed hundreds of million years ago and account for 150
GTOE which represents 18 %. Gas which is another hydrocarbon like oil accounts for
135 GTOE and represent 17 % of the fossil fuel reserves. At the rate of the present fossil
fuel consumption i.e. 10 GTOE per year, in less than 100 years there will be no oil, no
coal, and no Gas left on the planet.

This may be the biggest energy challenge the world will have to face. Moreover,
considering the fast economic growth of developing countries like China, India or Brazil
the average consumption-is:assumed to be around 20 GTOE/year in 2015.

An effort has to be made to bring down this consumption level to 15 GTOE/year at least

by 2015. Otherwise a catastrophe is to be feared.

Moreover, the cost of electricity is getting higher due to the high cost of fossil fuels.

Fluctuation in pricing also makes planning and forecasting of energy cost very difficult.

Studies have indicated a strong correlation between energy consumption and economic

growth. Access to modern energy services directly contributes to economic growth and



poverty reduction through the creation of income generating activities. Contributions to

poverty reduction may come from freeing up time for other productive activities.

The Millennium Development Goals (MDGs) are the international community’s
commitment to halving poverty in the world’s poorest countries by the year 2015. Whilst
some of these countries have seen tremendous success in poverty reduction over the past
decade, others, especially in the Sub-Saharan African region, are lagging behind.
Electricity is essential for the prevision of basic secial-serviges, including education and
health, and also for powering machines that support income generating activities which
tends to reduce poverty. Harnessing hydropower to generate electricity has the potential

for ensuring energy security which can be an effective way of reducing poverty in Africa.

Ghana has been plagued with inadequate energy supply for the past decades leading to
two energy crisis within the last decade due to shortfall in water supply-in the Volta basin
which is a major. source of power for this country. It is therefore imperative for
governmental and private institutions to find other sustainable energy sources to argument
the country’s energy supply. The country has small hydro power (SHP) potential of about
795 MW which can be harnessed to increase energy supply and Kintampo falls is one of

the potential locations for sitting.a grid connected mini_hydro plant.

1.2 Background

Energy demand is increasing worldwide. Rising fuel costs and concerns over atmospheric
pollution have spurred interest in energy from renewable sources. Many forward thinking
communities are taking a closer look at their renewable natural resources to determine

which, if any, are suitable for development. Thanks to a variety of technological



advancements, energy sources that were once discounted impractical are now finding

their way into the mainstream.

In this respect, small hydro power has emerged as an energy source which is accepted as
renewable, easily developed, inexpensive and harmless to the environment. These
features have increased small hydropower development in value giving rise to a new
trend in renewable energy generation. (Adigizel et al., 2002) Moreover, because of the
considerable amount of financial requiremenis and insuffigient financial sources of the
national budget, together with “the strong_opposition of environmentalist, civil
organizations, large scale hydropower projects cannot be completed in the planned
construction period generally, which leads to use of SHP in developing countries with its

low investment cost, short construction period, and environmentally friendly nature.

Comprising these features, small hydropower has been getting the attention in both
developed and developing countries. Europe and North America have already exploited
most of their hydropower potentials. On the other hand, Africa, Asia and South America
have still substantial unused potentials of hydropower (Altinbilek, 2005). Small hydro can
be the remedy of the insufficient energy in developing countries, as China did with

43,000 small schemes and 265 GW- of total installed.capacity. (IHA, 2003).

Since the beginning of the 1980s various studies have been carried out analyzing the
small hydro potential of the country and evaluating several sites. In the year 2000, the
Hydro Department (Ministry of Works and Housing) prepared an overview of potentially
interesting small hydro sites in Ghana, containing about 70 locations. One of these sites is
the Randall falls also known as Kintampo falls. It is located on the Pumpum River a few

kilometers north of Kintampo Township.



1.3 Objectives
The general objective of this study is to analyze the technical viability of grid connected
mini hydro power scheme on Kintampo falls.

The specific objectives are to:

1. Assess the stream flow rate, available head and other preliminary data for mini
hydro power generation on Kintampo falls.

2. Estimate the energy output of a mini hydro power scheme at the site

3. Conduct preliminary design of the.mini hydro‘plant

4. Conduct financial appraisal of the hydro power scheme using RET Screen
software

1.4 Methodology

The flow-rate of a river can either be estimated using analytical techniques, such as the
area-rainfall method, or measured directly. In either case, a hydrology study should be
based on many years of daily records (Harvey, 2006). Typically, for short duration studies
like this one, the area-rainfall method is preferable because historic precipitation data can

be obtained.

In this study, flow-rates will be estimated as follows:
1. 20-yearsworth.of daily rainfall data for the catchment area would be obtained
from the Metrological Service Division (MSD).
2. A hydrograph of the river will be plotted. This curve statistically relates
rainfall quantities to the number of days of occurrence.
3. Catchment areas would be calculated from drainage basin maps obtained from

Survey Department or Google earth maps.



4. Evapotranspiration of the catchment area will be estimated using Blaney-
Criddle method and Runoff quantities calculated using the area-rainfall
method.

5. Site Specific flow rate measurement using the velocity area method to confirm
the appropriateness of the estimated flow rate.

6. Site-specific flow-duration curves would be constructed to calculate the power
potentials of the sites.

7. Sizing of components of the project based on flow rate and available head.

Head determination of the site will be measured using GPS receiver to determine the

available head for the Mini hydro power scheme

Financial and economic appraisal of the site would be analyzed with RETSceen software

to determine the project financial viability.



CHAPTER TWO

LITERATURE REVIEW

2.1 Sustainable Development
The term sustainable development is defined as development that meets the needs of the
present without compromising the ability of future generations to meet their own needs. It
must be legally sound, politically advantageous, socially accepted, environmentally
sustainable, economically viable;and-technigal, feasible:
In the energy sector it means using the energy resources in a way that some of it is left for
the future generation. Energy poses serious environmental problems leading to the
assumption that its current use is not sustainable.
Energy sources are limited to:

1. Fossil energy (Coal, oil and natural gas)

2. Nuclearenergy.

3. Renewable energy (solar, -hydropower, geothermal, wind power, biomass energy

and marine energy)

Only the last group is renewable. This means that the two first groups are not sustainable
energy sources especially fossil energy sources. It has been emphasized by several
experts that fossil fuels depletion is so crucial thatin a hundred years time, they will

disappeared from the earth.

2.2 Renewable Energy

Renewable energy is from energy source that is replaced by a natural process at a rate that
is equal to or faster than the rate at which the resource is being consumed. Renewable
energy can come from variety of sources such as sunlight, wind, rain, tides, waves and

geothermal heat.



2.3 Small Hydro Power

Hydroelectric power is electricity produced by the movement of fresh water from rivers
and lakes. At higher ground, water has stored gravitational energy that can be extracted
by turbines as the water flows downstream. Gravity causes water to flow downwards and
this downward motion of water contains kinetic energy that can be converted into
mechanical energy, and then from mechanical energy into electrical energy via
hydroelectric power stations

Small hydropower is a sustainable resource. Lins et al»(2004) states that “SHP meets the
needs of the present without compromising the ability of future generations to meet their
own needs.”

Small hydropower plants are among the cheapest systems to generate electricity. It is a
well known technology open to new technological developments. SHP has a high
untapped potential especially in developing countries (ESHA, 2005). The main
characteristics of small hydropower plants are their flexibility and reliable operation.
Moreover, depending on the rapid demand changes, its fast start up and shutdown
response is an important advantage (Dragu et al., 2001). Small hydropower plants uses
water to generate electricity therefore the electricity generation is-independent from the
changes in fuel costs (Dragu et al.,; 2001). Without any harm or decrease to its resource it
can satisfy the energy demand (Lins et al., 2004). Moreover, SHP schemes recovers the
waste that flows with the river flow with its trash racks, thus it helps the maintenance of
river basins (Pelikan et al., 2006).

Small hydropower is a clean energy source, thus it is environmentally friendly. It does not
pollute the environment and does not generate greenhouse gases. Pelikan et al. (2006)

states that “one GWh of electricity produced by small hydropower means a reduction of



480 tonnes of emitted carbon dioxide”. Moreover, small hydropower schemes have long
life span and very limited maintenance is required (Paish, 2002).

Small hydropower has an important share in the world’s renewable energy budget. Table
2.1 shows global electricity generation by each renewable energy source.

Table 2.1: Electricity Generation by each renewable energy

Large hydro (>10 MW) 86 %
Small hydro (<10 MW) 8.3%
Wind and solar 0.6 %
Geothermal 1.6 %
Biomass 3.5%

Source (Dragu et al., 2001)

In 2004, the total installed capacity of small hydropower (<10 MW) was about 48 GW
worldwide as shown in Table 2.2. In 2005, China has reached a SHP capacity of 31,200
MW which is more than half of the worlds SHP capacity (Taylor et al., 2006). Canada
uses small hydropower to replace expensive diesel generation in remote off-grid regions.
Moreover, countries in South America, Africa and former Soviet Union also have great

untapped potentials (Lins et al., 2005).



Table 2.2: Installed SHP (<10 MW) Capacity by World Region in 2004

Region Capacity (MW) Percentage (%)
Asia 32,641 68.0

Europe 10,723 22.3

North America 2,929 6.1

South America 1,280 2.7

Africa 228 0.5

Australasia 198 0.4

Source (Taylor et al., 2006)

2.4 Hydropower and energy

Hydro power can be obtained where a flow of water falls from a higher plane to a lower
plane. This could be in a stream running down a hillside, a river over a waterfall, a weir
or from a reservair discharge back in to a main outlet.

The amount of power available from a hydro scheme depends on the 'head' and the ‘flow’
rate of the water. The head is the height difference between the inlet to the hydro turbine
and its outlet as shown in Figure 2.1

The gross head is the maximum vertical drop available to the water from the top of the
fall to the water level below. The actual head seen by a turbine is slightly less than gross
head due to losses while transferring the water into and away from the turbine, and is
therefore called the net head.

The flow rate (Q) in the water source is the volume of water passing per second.



Figure 2.1: Available head for Mini hydro power

This can be shown by equation 2.1.
Energy released =mgH-............. 2.1
Where:
m = mass of water
g = gravity

H = gross head or vertical distance

The mass of the water is.its density (p) multiplied by its volume (V) so that the equation
changes to:

Energy released=VpgH ................ 2.2
The water enters the turbine at a rate Q value in cubic meters per second m?/s, and can be
expressed in terms of power. The S.1. unit for power is Watt.
Therefore:

Gross Power = p Q g H Watts ............ 2.3

Where:

10



p =1000 kg/m?
g = 9.81 m/sec?
Q = volumetric flow rate m3/sec
H = gross head in meters
However the power produced by the turbine cannot equal the gross power because of
losses such as friction in pipe work and conversion machinery i.e. turbines and
generators.
A hydro turbine can have between.80% to aver 90% hydraulic efficiency, although this
will reduce with size. A typical micro hydro system (<100kW) will tend to be 60% to
80% efficient.
Therefore:
Net Power=npQgHWatts .............. 2.4
Where:
n = hydraulic efficieney of turbine
p = 1000 kg/m?
Q = volumetric flow rate m3/sec
g = 9.81 m/sec?

H = gross head in'meters

2.5 Small hydro power component

A typical small hydro power is arranged as depicted in figure 2.2.

11
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Figure 2.2: Components of Mini-hydro power scheme
The principal components that are used in the MHS (Mini Hydropower System) could be
further classified into civil components, powerhouse components and transmission and

distribution networks.

2.5.1 Diversion Weir and Intake

The diversion weir depicted in figure 2.3 is a barrier built across the river and used to
divert water through an opening in the riverside (the ‘Intake’ opening) into a settling
basin. Intake is the primary means of conveyance of water from the source of water in
required quantity towards the waterways of Hydro Power Project. Intake could be of side
intake type or the bottom intake type. Usually, trash racks as shown in figure 2.4 have to
be placed at the intake which acts as the filter to prevent large water borne objects to enter

the waterway of the MHP (Mini Hydro Project) (Harper, December 2011).
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Figure 2.3: Diversion weir

Figure 2.4: Trash rack

2.5.2 Settling Basin

Rivers generally carry high amount of sediments due to erosion activities in hills and
mountains. In order to reduce the sediments density, which have negative impact to
components of the hydropower system; de-sanding basins are used to capture sediments
by letting the particles settle by reducing the speed of the water and clearing them out

before they enter the canal. Therefore, they are usually built at the head of the canal. They
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are equipped with gate valves for flushing the settled undesirable sediments. De sanding
basin is capable of settling particles above 0.2-0.3 mm of size (Harvey, Mini Hydro

Design Manual, 1993). Figure 2.5 shows a typical de-sanding basin.

Figure 2.5: Settling basin

2.5.3 Headrace Canal

Once the water enters through the intake, the headrace canal conveys the water to the
forebay. Sometimes, pipes can also be used in place of the canals. The materials to be
used in constructing the canal depends upon the geographical condition of the site and
other obvious factors such as the availability of labor and materials. Most usual types of
canal as shown in figure 2.6 are built from combination of cement and mortar, only soil,
mixture of stone and mud, mixture of stone masonry with cement and other different
types of possible combinations (Pandey V., 2011). When pipes are used, they are
generally of HDPE (High Density Polythene) types. The length of the headrace canal can
be anywhere from few meters to over a kilometer long. The most important thing to
consider while constructing head race canal is to make the slope of the canal only slightly

14



elevated because higher slope can lead to higher velocity of water which can then cause

erosion in the headrace canal surface.

Figure 2.6: Head race canal

2.5.4 Forebay

Pond at the top of a penstock or pipeline serves as final settling basin, provides
submergence of penstock inlet and accommodation of trash rack and overflow/spillway
arrangement.

Forebay tank is basically a pool at the end of headrace canal from which the penstock
pipe draws the water. The main purpase of the forebay is to reduce entry of air into the
penstock pipe, which in turn could cause cavitations (explosion of the trapped air bubbles
under high pressure) of both penstock pipes and the turbine (Masters, 2004). It is also
necessary to determine the water level at the forebay because operational head of the mini
hydro power plant is determined through this factor. A forebay again requires two sets of
additional construction. As the water speed is lowered at the forebay, it can cause

sedimentation of particles, which requires the construction of spillway as mentioned
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before. Similarly, installation of trash racks to filter the fine sediments might be required

before the water from the forebay gets inside. Figure 2.7 illustrates a typical forebay tank.

Figure 2.7: Forebay

2.5.5 Penstock

Penstock pipes are basically close conduit pipes that help to convey the water from the
forebay tank to the turbine under pressure. The pipeline itself must be able to tolerate
sudden changes in water pressures, and to resist adequately internal and external forces,
such as the changing weather conditions for the sited area. The materials used in penstock
are usually steel, HDPE (High Density Polythene)-and increasingly PVC (Poly Vinyl
Chloride).

PVC is widely used in micro-hydro because it is relatively cheap and is widely available
in a variety of sizes from 25mm to 500mm in diameter. It is suitable for high-pressure
use, has good friction loss characteristics and is corrosion resistant, but suffers from being
fragile in the respect to damage from falling rocks or trees. Mild steel is used for its
cheapness and is easily available in a wide range of diameters and pipe wall thicknesses.

It is resistant to external damage from falling rocks and trees, but when buried, it suffers
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from long term corrosion and needs to be protected by painting or some other form of
anticorrosion coating to give an expected life of 15 years plus. Mild steel piping is heavy
but can come in convenient lengths, easier for movement and is jointed either by welding
or bolted flanges.

Penstock is one of the most important components of the MHS (Mini Hydro-power
System) because it is at this point that the potential energy of the water is converted into
kinetic energy. Due to the risk of contraction and expansion of penstock pipes due to
fluctuation in seasonal temperature, sliding type of expansion joints are placed between
two consecutive pipe lengths. Anchor block, which is basically a mass of concrete fixed
into the ground, is used to restrain the penstock from movement in undesirable directions.

Figure 2.8 depicts a mild steel penstock secured to the ground by anchor blocks.
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2.5.6 Tailrace

Tailrace is very similar to headrace canal described previously in this section. The only
difference with that of the headrace canal is that it is situated at the end of the civil
components and is used to convey the water back to the source after use in the Mini hydro

plant.

2.6 Turbines

The purpose of a turbine is to convert energy.in the form of falling water into rotating
shaft power. The selection of the best turbine for any particular hydro site depends on the
site characteristics, the dominant ones being the head and flow available. Selection also
depends on the desired running speed of the generator or other device loading the turbine.
Other considerations such as whether the turbine iIs expected to produce power under
part-flow conditions also play an important role in the selection. All turbines have power-
speed design characteristics, as they will tend to run more efficiently at a particular speed,
head and flow combination. Turbines can be classified as high head, medium head or low

head machines.

Turbines are grouped under the following two headings: impulse turbines and reaction
turbines, as shown in the table 2.3.

Table 2.3: Turbine classification

High Head Medium Head Low Head
Impulse Pelton Cross-Flow/ Cross-Flow/
Turbines Turgo Banki Banki
Multi-Jet Pelton | Multi-Jet Pelton
Turgo
Reaction Francis Propeller
Turbines Kaplan
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2.6.1 Impulse turbines.
Impulse turbines derive their power from a jet stream striking a series of blades or
buckets as illustrated in figure 2.9. A distinct feature of an impulse turbine runner is that it

operates in air. The momentum of a high-speed water jet turns impulse turbines.

Figure 2.9: Impulse turbine

2.6.1.1 Pelton Turbine.

The Pelton wheel is probably the best known of the tangential flow impulse turbines.
Invented by a Californian mining engineer, it has changed little in the last hundred years.
It is efficient over a very wide range of flows but at lower heads the speed is a bit too low
for convenient belt drives. The Pelton wheel is used where a small flow of water is
available with a ‘large head’. It resembles the waterwheels used at water mills in the past.
The Pelton wheel has small ‘buckets” all around its rim (Figure 2.10). Water from the
dam is discharged from one or more nozzles very high speed hitting the buckets, pushing

the wheel around (Figure 2.10).
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Figure 2.10: Pelton Turbine nozzle

The buckets are split into two halves so that the central area does not act as a dead spot

incapable of deflecting water away from the oncoming jet (Figure 2.11).

Figure 2.11: Pelton Turbine bucket split into two halves

Having two or more jets enables a smaller runner to be used for a given flow and
increases the rotational speed. The required power can still be attained and the part-flow
efficiency is especially good because the wheel can be run on a reduced number of jets

with each jet in use still receiving the optimum flow.
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Two Pelton Wheels can be placed on the same shaft either side by side or on opposite
sides of the generator (figure 2.12). This configuration is unusual and would only be used
if the number of jets per runner had already been maximized, but it allows the use of

smaller diameter and hence faster rotating runners.

‘ W Ve o

B

Figure 2.12: Two Pelton wheels placed side by side
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2.6.1.2 Turgo Turbine. - A

Eric Crewdson invented the Tu%dfm%ﬁﬁé‘ in 15*20 it is used for heads of 12 meters or
more. The Turgo Impulse design allows a large water jet to be directed at an angled
runner blade, usually approximately 20°, giving the turbine a higher specific speed, and
therefore a smaller physical size (Figure2.13).The rugged design is particularly suited to

schemes having abrasive solids in suspension.
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Figure 2.13: Turgo Turbine runner

Because power output from the turbine can be regulated using rapid acting deflectors
without affecting the water flow, the Turgo Impulse Turbine has been applied on many
irrigation and water treatment schemes where continuity of water flow is essential. It has
several disadvantages. Firstly it.is difficult to fabricate since the buckets or vanes are
more complex in shape and overlap, it also experiences axial loading on the runner that

has to be quelled by a suitable bearing on the shaft, usuallya roller bearing.

2.6.1.3 Crossflow Turbine.

In the crossflow turhine, the water in the form of a sheet is directed into the blades
tangentially at about mid way-on one side. The flow of water "crosses" through the empty
centre of the turbine and exits just below the centre on the opposite side (figure 2.14).

Thus the water strikes blades on both sides of the runner.
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Figure 2.14: Crossflow Turbine runner

It is claimed that the entry side contributes about 75% of the power extracted from the
sheet of water and that the exit side contributes the remainder. The main characteristic of
the cross-flow turbine is that it uses a broad rectangular jet of water that travels through
the turbine only once but travels across each runner blade twice, once in each direction.
This machine is therefore a turbine with two velocity stages, the water filling only part of
the runner at any one time. As far as energy utilization is concerned, the use of two
velocity stages provides no immediate advantages. The arrangement represents, however,
a very skilful design, which removes the water in a simple manner, after it has passed
through the runner without producing any backpressure. The addition of a draft tube to
the cross-flow turbine represents an idea implemented by Ossberger to enhance the
turbine's performance. Ossberger uses an air valve in the draft tube to help regulate the

head by introducing air in the draft tube.
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Furthermore, this flow mechanism makes the turbine self-cleaning. During the first strike,

suspensions and impurities, which reach the turbine, are pressed against the blanket of the

runner. During the second strike, after a half rotation these would then be washed out.

This mechanism contributes to the long functioning period and reliability of the turbine.

They are generally built as multi-cell turbines, where the runner can be sectioned off to

allow the smaller cell to utilize small water flows and the larger cell to use medium water

flow and when both cells are opened together they utilize the full flow of the water.

(Figure 2.15)

crossflow efficiency (%) at different loads
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Figure 2.15: Efficiency of Crossflow turbine at different loads
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2.6.2 Reaction Turbines.

Reaction turbines use both velocity and pressure forces to produce power. Consequently,
large surfaces over which these forces can act are needed. Also, flow direction as the
water enters the turbine is important. They are distinguished from impulse type turbines
by having a runner that always functions within a completely water filled casing (figure

2.16). Hydrodynamic lift forces acting on the runner blades turn reaction turbines.

Figure 2.16: Reaction Turbine

2.6.2.1 Francis Turhine.

The Francis turbine i1s used where a large flow and a high or medium head of water is
involved. The Francis turbine is-also similar to-a waterwheel in that it looks like a
spinning wheel with fixed blades in between two rims. This wheel is called a ‘runner’. A
circle of guide vanes surrounds the runner and controls the amount of water driving it.
Water is fed to the runner from all sides by these vanes causing it to spin. Francis turbines
are radial flow reaction turbines, with fixed runner blades and adjustable guide vanes,
used for medium heads. Francis turbines include a complex vane arrangement

surrounding the turbine itself (also called the runner) which can be seen in Figures 2.17.
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Water is introduced around the runner through these vanes and then falls through the
runner, causing it to spin. Velocity force is applied through the vanes by causing the
water to strike the blades of the runner at an angle. Pressure forces are much more subtle
and difficult to explain, and in general, the flowing water causes pressure forces. As the
water flows across the blades, it causes a pressure drop on the back of the blades; this in

turn induces a force on the front, and along with velocity forces, causes torque.

— - ' -
]

Figure 2.17: Francis turbine-assembly

Francis turbines are usually deéianed specifically for their intended installation; with the
complicated vane system, they are generally not used for Micro hydropower applications.

Because of their specialized design, Francis turbines are very efficient yet very costly.

2.6.2.2 Propeller.
Propeller type turbines are designed to operate where a small head of water is involved.

These turbines resemble ship’s propellers (Figure 2.18). The basic propeller turbine
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consists of a propeller, similar to a ship's propeller, fitted inside a continuation of the
penstock tube. The turbine shaft passes out of the tube at the point where the tube changes
direction. The propeller usually has three to six blades, three in the case of very low head
units and the water flow is regulated by static blades or swivel gates ("wicket gates") just
upstream of the propeller.

This kind of propeller turbine is known as a fixed blade axial flow turbine because the
pitch angle of the rotor blades cannot be changed. The part-flow efficiency of fixed-blade
propeller turbines tends to be very.poor. However, with.some of these the angle (pitch) of
the blades can be altered to suit the water flow.

The Propeller turbine in its simplest form is like a ship's propeller running in a tube. As
the water flows through the propeller rotates. Special coatings are used for increased
corrosion and abrasion resistance. For lowland and old mill sites the propeller turbine is

ideally suited since it is.compact and fast running even on low heads.

Figure 2.18: Propeller Turbine

The angle of the bend can be between 30 and 90 degrees but standard layouts are either
45 or 90 degrees (Figure 2.19). A penstock can be used for higher heads up to 15 meters
and the turbine runner 'setting' can be lowered to avoid cavitations by inserting a length of
parallel tube between the bend and the turbine casting. Existing civil works associated

with old mills, navigation locks or irrigation structures often lend themselves to the
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installation of this type of turbine. The Siphon layout is used for small turbines and axial-

flow pumps, where the unit is installed 'Over a Wall'.

N

Figure 2.19: Propeller turbine assembly

2.6.2.3 Kaplan.

Large-scale hydro sites make use of more sophisticated versions of the propeller turbines
(Figures 2.20). Varying the pitch of the propeller blades together with wicket gate
adjustment enables reasonable efficiency to be maintained under part flow conditions. For
good efficiency water needs to_be given some swirl before entering the turbine runner,
where the swirl is absorbed by the runner and the water that emerges flows straight into
the draft tube. Methods for adding-inlet swirl include the use of a set of guide vanes
mounted upstream of the runner with water spiraling into the runner through them.
Another method is to form a ‘snail shell’ (Figure 2.21) housing for the runner in which
the water enters tangentially and is forced to spiral into the runner. Such turbines are
known as variable pitch or Kaplan turbines. Water flows into the turbine casing and
passes the runner blades through to the draft tube then to the tailrace .Various
configurations of Kaplan turbines exist and can be mounted horizontally, vertically or
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angled in the same way as propeller turbines. This type of turbine has a high efficiency

over a wide range of heads and outputs and has a high specific speed.
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Figure 2.21: Kaplan Turbine components

2.6.3 Turbine Efficiency.

A significant factor in the comparison of the various turbine types is their relative

efficiencies both at their design and at reduced flows. Typical efficiency curves are shown

in Figure 2.22.
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An important note is that the Pelton and Kaplan turbines retain very high efficiencies
when running below design flow; in contrast the efficiency of the Francis turbine falls
away more sharply if run below half their normal flow, as does the Crossflow turbine, but
the multi-celled Crossflow turbine retains a high efficiency but with a reduced output.

Most fixed pitch propeller turbines perform poorly except above 80% of full flow.
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Figure 2.22: Turbine efficiency curve

2.7 Governors.

The turbine usually drives the generator through either a gearbox, through a pulley and
belt system, or directly using shoek-absorbing brushes. The governor modulates the
generator speed in order to control the electrical frequency of generation. The governor
does this by detecting the change in the electrical load output of the generator, and then
altering the flow of water into the turbine using valves. They can be linked to a level
switch situated in the storage reservoir so that the flow through the turbine is also
dependent on the level, and hence the water flows. Governors can either be mechanical or
electrically operated.
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2.8 Generators.

Generators can be either of a Synchronous or Asynchronous type. In a synchronous
generator the frequency of the electricity produced is directly related (i.e. synchronous)
with the rotational speed of the shaft. Therefore at 50 Hz generation, the shaft rotates at a
fixed sub multiple of 50Hz, depending on the gearing ratio. This type of generator must
be designed to withstand the high runaway speeds that can sometimes occur during
hydroelectric turbine system faults. They often have to be specially designed, thus
increasing their cost considerably. These generatorsscome in single phase (for small
systems) and three phase (for larger outputs), and the single phase type is more
commonly known as an alternator. Within induction generation or asynchronous
generation a motor is used as a generator. This type of generator is simple in construction
containing fewer parts, making it cheaper and more reliable than synchronous generators.
It can withstand 200% runaway Speeds without harm, and has no brushes or other parts to
require maintenance.-In this type of generator power enters the grid when the speed of
rotation has a frequency greater than that of the grid. This is called slip. Usually systems
are designed for maximum power to be entering the grid at a slip of about 10%. Power is
actually drawn from the grid to provide the magnetic field until running speed is
achieved, when power Is then produced. When operating in conjunction with a large
power grid, a standard single or three-phase motor may be used as a generator. Hydro
power plants designed as asynchronous installations are usually more economical than
synchronous generating sets. In the past, asynchronous plants were equipped with

minimal equipment.
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2.9 Capacity Factor

Capacity factor is a ratio summarizing how hard a turbine is working. This is expressed as

Energy generated per year(Kwh/yr)
Installed Capacity(kw) x 8760 (hours/yr)

Capacity factor (%) =

Capacity factor varies with design flows as shown in table 2.4.

Table 2.4: Design flow in relation to capacity factor

Design flow Qo Gapacity Factor
Qmean 40%

0.75 Qmean 50%

0.5 Qmean 60%

0.33 Qmean 70%

2.10 Design Flow

It is not promising to have a scheme that uses significantly more than the mean river flow
since it will not be economically feasible. Therefore turbine design flow for run of the
river scheme operating with no appreciable water storage will not -normally be greater
than Qmean. The greater the chosen value of the design flow, the smaller proportion of the
year that the system will be operating on full power meaning low capacity factor.

Operating at full power or high capacity factor means design flow should be less than

Qmean.
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CHAPTER THREE

METHODOLOGY

The methodology used in this study entails the following activities: reconnaissance of the
study area, data collection of both primary and secondary data and data analysis and

preliminary design of the Mini hydro system.

3.1 Reconnaissance Survey

The purpose of the site reconnaissance was tow.gain understanding of the site
characteristics, site topography, flow regimes, geology of the area, access roads to the
place and nearness of transmission line. From this observation, identification of possible

location for weirs, head canal, de-silting tank, forebay and switch yard were obtained.

3.2 Primary and Secondary data

Both primary and secondary data were gathered. Primary data was collected from the
field and these were hydrelogical data, topographical data and geological data. Secondary
data was collected on rainfall, temperature, relative humidity and wind speed from

meteorological agency and from report and document to supplement field data.

3.3 Stream Flow Measurement

Stream velocity was measured using the float method. Measurement was taken at a place
where the axis of the streambed is straight.and has fairly constant cross sectional area. A
cork was tossed from upstream of the river of known length and the time taken to traverse
that distance was noted. This sequence was repeated several times at four different
locations from the edge of the river and average time was obtained hence average

velocity. Figure 3.1 — 3.4 shows how this was done.
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Figure 3.2: measuring stream width.
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Figure 3.3: measuring stream width.

Figure 3.4: measuring stream flow rate.
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Table 3.1: Measuring stream flow using float method

Location from edge (m) | Depth (m) | Length (m) | Time (s) | Velocity (m/s)
0.91 0.3 5 10 0.50
1.83 0.48 5 6 0.83
1.74 0.85 5 6 0.83
3.66 0.3 5 11 0.45
Mean 0.65

Measurement of cross sectional area was made at a place where the axis of the streambed
is straight and the cross section of the river is almost uniform. The width of the river was
measured with a tape and was 5.03 meters. The depth of the river was measured at an
interval along it width and average depth calculated as shown in table 3.1. The cross

sectional area was determined-by multiplying stream width by average depth of the river.
e e M S T 33
n

Where:
B — Stream width
h- Depth of stream

S-Cross sectional area

0.3+0.48+0.85+0.3

S = 5.03( 7

S = 2.427m?

Stream flow was calculated using the formula
Stream discharge (m®/s) = Average Depth x Width x Average velocity

Stream discharge (m®/s) = Cross sectional area x Average velocity
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Stream discharge (m®/s) = 2.427m? x 0.65m/s

=1.58m°%/s

3.4 Stream Flow Estimation
Since river Pumpum is not gauged, there is no discharge data that can be used for
planning Mini hydro power project. Since only rainfall data is available, the stream flow

was estimated using Area —Rainfall method.

The relation of rainfall, runoff (direct runoff, base runoff), and evaporation is indicated by

the viewpoint of annual water balance as shown in equation 3.2. In this case, pooling of
drainage area and inflow and runoff from/to other drainage area are not necessary.

An estimated average discharge at the considered intake point can be made from existing
precipitation records at a nearby meteorological station or a preinstalled rain gauge.
Precipitation is usually measured in mm. The total volume of rain passing through the

control point (Figure 3.5) each month is calculated by equation 3.4.
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Q — Acatchment (R)
—T ................................................................................

Where,

P: Annual rainfall (mm)

R: Annual runoff (mm)

Q: Flow rate (m®/s)

Et: Annual evaporation (mm)

Acatchment: Catchment Area (Km?)

T: Time

Consider that some of the rain does not pass through the control point, because it seeps
into the underground and drains as sub surface flow (Figure 3.6). A much larger amount
evaporates in dry and windy areas. The losses caused by seepage and evaporation are
difficult to quantify and therefore it is useful to make assumptions to be on the safe side.
Evaporation losses depend on water surfaces, Irrigated surfaces and transpiring plants.
The potential evaporation losses per day from water surfaces can be calculated using the

Blaney Criddle Formula.
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Figure 3.7: Pattern figure of amount of rainfall and evaporation

A pattern figure of the relation of rainfall (R), possible evaporation (Etp), and real

evaporation (Et) is shown Figure 3.7. Indicated as diagonal line is real evaporation, and



area above line b-c is river runoff including sub-surface water. Possible evaporation (a-b-

c-d) is obtained by presumption formula.
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Figure 3.8: Pattern figure of runoff

(2) Direct runoff and base runoff

A pattern of annual runoff is shown Figure 3.8. The runoff is provided from sub-surface
water, and it contained base runoff with less seasonal fluctuation and direct runoff
wherein the rainfall immediately becomes the runoff. The ratio of sub-surface water to
annual runoff (R) is shown in Table 3.2. Where, Rb is sub surface water,

For Africa, Rb/ R = 0.35 constant, and the base runoff is taken as constant.

Table 3.2: World Water balance model

Area Asia Africa | Morth Americal South Amer :al Europe | Australia ]| Japan
Rainfall
(P 126 6E6 670 1648 734 136 1788
Rumnoff
(R} 293 138 287 583 318 226 11897
Direct runoff
(Rd} 217 a1 203 3713 210 172 =
Subsoil
wiater 16 43 B84 210 106 54 -
Evaporation
(Et) 433 547 383 1065 415 510 597
Rg / R 20 35 32 36 34 24 -

Source: Lvovich 1973
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Data of Japan from Ministry of Land, Infrastructure and Transport

(3) Calculation of possible evaporation

The calculation formulas are Blaney-Criddle formula, Penman formula, and Thornthwaite
formula etc. Herein, Blaney-Criddle formula was used which is the simplest method using
the longitude and temperature of the project site.

Blaney-Criddle formula is given by equation 3.5.

U =K. P ) 35
100

Where,

U: Monthly evaporation (mm)

K: Monthly coefficient of vegetation

P: Monthly rate of annual sunshine (%)

t: Monthly average temperature (°C)

Monthly average temperature (t) was obtained from measured temperatures at the
catchment area.

Monthly rate of annual sunshine (P) was obtained by taking the latitude of the propose

dam site (Lat. 8° N) and selecting the appropriate P from a table in appendix E

corresponding to the selected latitude.

K value depends on the vegetation condition. Herein; @ constant of 0.6 was used.

(4) Calculation of evaporation
As shown in Table 3.3; the monthly evaporations are obtained by lower value of rainfall

or possible evaporation.

(5) Computation of monthly runoff data

Derivation of the monthly mean discharge data at the dam site is by using equation 3.6.
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Q(L) _ Monthly runof f(mm) x CA x106 X 1
1000 86,400 xn

.............................. 3.6

Where

Q (i): Monthly mean discharge at dam site in ‘i (month)’ (m®/s)

CA: Drainage area (km?)

n: Number of days in the month

The catchment area or the drainage area is 87 km? (Ofosu-Ahenkora, 2002).

In addition, the ratio of the base, runoff'to the total runoff (35%) and the monthly
distribution of base runoff (constant) can be analyzed with regards to the characteristic of

runoff at the area.

Tables 3.3 and 3.4 illustrate the estimation of monthly mean discharge of Pumpum River
from the monthly mean temperature, rainfall and rate of annual sunshine

Table 3.3: Calculation of possible evaporation and-real-evaporation

(2) Rate Of (3) Possible (5) Real
(1) Annual Evaporation Evaporation(mm)
Temperature Sunshine P (Blaney- (4) Rainfall (small value of
Month (°C) (%) Criddle)(mm) (mm) (3) and (4))

Jan 26.36 8.21 99.38 10.11 10.11
Feb 28.19 7.51 94.68 41.06 41.06
Mar 28.37 8.45 106.96 86.17 86.17
Apr 27.51 8.34 103.59 163.36 103.59
May 26.95 8.74 107.23 150.11 107.23
Jun 25.85 8.53 102.08 194.48 102.08
Jul 24.93 8.78 102.85 86.73 86.73
Aug 24.60 8.66 100.66 60.49 60.49
Sep 25.25 8.25 97.37 161.04 97.37
Oct 25.87 8.37 100.21 174.23 100.21
Nov 26.44 7.98 96.77 55.49 55.49
Dec 25.93 8.18 98.07 11.52 11.52
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Table 3.4:

Calculation of mean stream discharge

(6) (7) Direct (9) Monthly | (10) Monthly
Runoff(mm) Runoff(mm) (8) Base Runoff(mm) | mean

Month ((4) -(5)) ((2) x 0.65) Runoff(mm) ((7)+ (8)) | discharge(m®/s)
Jan 0.00 0.00 9.89 9.89 0.32
Feb 0.00 0.00 8.93 8.93 0.32
Mar 0.00 0.00 9.89 9.89 0.32
Apr 59.77 38.85 9.57 48.42 1.63
May 42.88 27.88 9.89 37.77 1.23
Jun 92.40 60.06 9.57 69.63 2.34
Jul 0.00 0.00 9.89 9.89 0.32
Aug 0.00 0.00 9.89 9.89 0.32
Sep 63.67 4]1.39 957 50.96 1.71
Oct 74.02 48.11 9.89 58.00 1.88
Nov 0.00 0.00 9.57 9.57 0.32
Dec 0.00 0.00 9.89 9.89 0.32

332.75 216.29 116.46 332.75 0.92

(Note) (8) Base runoff: distribute uniformity 332.75 %0.35 = 116.4625 mm to each month

3.7 Measurement of Head

The head between the intake point and the power house was measured .While a surveying

level can be used for the purpose of measuring, @ more simple head measuring method

using GPS device was used to determine the head. The Altitude of the intake point was

taken with the GPS receiver and noted down. Next the elevation at downstream end

where the proposed power house will be located was also taken. The measured head was

calculated by the difference in elevation of intake point and the elevation of power house.

Elevation of intake point - 292.93m

Elevation of power house point — 242m

Head = Elevation of intake point — Elevation of power house point

=292.93m — 242m

50.93m
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CHAPTER FOUR

RESULT AND DATA ANALYSIS

Data was collected on rainfall and temperature from the year 1992 to 2012 and was used
to estimate stream flow for the period. Table 4.1 shows the mean flow rate of Pumpum
River from the year 1992 to 2012.

Table 4.1: Monthly mean discharge of Pumpum River from 1992 to 2012

Months

Y ear Jan | Feb | Mar | Apr \May ["Jun | Jul ["Aug | Sep | Oct | Nov | Dec | Mean

1992 1 0.39 | 0.39 1039 | 2.25 | 1.46 | 1.39 |0.390.39 | 2.73 | 1.20 | 0.39 | 0.39 | 0.98

1993 1 0.39 | 0.39 | 0.39 | 0.58 | 3.30 | 1.52 | 0.39 | 0.39 | 2.33 | 1.45 | 0.39 | 0.39 | 0.99

1994 1 0.39 | 0.39 1 0.39 | 0.39 | 0.59 | 1.22 | 0.39 | 0.39 | 2.40 { 3.01 | 0.39 | 0.39 | 0.86

1995 10.39 |0.39 | 1.18 | 3.99 | 1.40 | 1.56 | 0.49 | 0.41 | 2.64 | 1.46 | 0.39 | 0.39 | 1.22

1996 | 0.39 |1.94 1 0.39 | 1.09 | 0.52 | 3.07 | 0.93 | 0.91 | 0.39 | 2.23 | 0.39 | 0.39 | 1.05

1997 1 0.39 | 0.39 1 0.39 | 0.39 | 0.89 | 2.90 {0.32 | 0.39 | 0.39 [ 1.73 | 0.39 | 0.39 | 0.76

1998 1 0.39 | 0.39 | 0.39 | 1.07 | 0.39 | 2.40 1 0.39 [ 0.39 | 1.86 | 3.40 | 0.39 | 0.39 | 0.99

1999 1 0.3910:39./1.37 | 1,21 ['1.58 | 0.98 | 0.390.39 |1.71|1.20]0.39 | 0.39 | 0.87

2000 | 0.39 10391 0.39°13.45 { 0.39 | 0.89 {0.3910.79 | 0.39-1 0.39 | 0.49 | 0.39 | 0.73

2001 | 0.39 | 0.39 [ 0.95 | 6.86+| 0.39 | 4.96 | 0.39 | 0.39 |.0.7610.39 | 0.39 | 0.39 | 1.39

2002 1 0.39 | 0.39 | 0.39 4.3.86+(.1.92 | 1.9310.3910.3910:39 | 1.50 | 0.39 | 0.39 | 1.03

2003 1 0.39 10.390.39.12.60 | 1.17 | 3.26 | 0.39 {0.39 | 3.23 | 2.70 | 0.39 |0.39 | 1.31

2004 1 0.39 | 0.39 |0.39 | 1.16 | 1.88 | 0.39 | 0.39 | 1.03 | 4.40 | 3.62 | 0.39 | 0.39 | 1.24

2005 10.39 10.39]0.39,0.81 1053 10.62 |0.3910.39/1.38 |3.23]0.39|0.39| 0.78

2006 | 0.39 | 0.39 | 0.42710.39 | 2.02 |3.58 [ 0.39 [ 0.39 | 0.57 | 3.91|0.39 | 0.39 | 1.10

2007 1 0.39 |/0:39 10.56 | 1.66 | 1.04 1291 130 ]0.39 | 5481125039039 | 1.35

2008 | 0.39 | 0.39 1.0.39 | 2.62 1°0.94 1197 10.39 | 1.51./3.05 |2.26 | 0.39 | 0.39 | 1.23

2009 | 0.39 | 0.39{ 1:59.| 1:54 | 1.33 | 2.30 | 1.88-40.39.10.39 | 0.68 | 2.75 | 0.39 | 1.17

2010 | 0.39 | 0.39 | 0.59 {256 {-1.11 | 457 [ 1.59 1'0.39 | 159 | 1.23 | 0.39 | 0.39 | 1.27

2011 | 0.39 | 0.48 | 0.39 | 0.39.{:1.26}5.29 | 0.3910.39 | 3.15|255|0.39 | 0.39 | 1.29

2012 1 0.39 1 0.39 |1 0.39 | 0.39 | 492 | 3.78 | 0.39 | 0.39 | 0.61 | 3.17 |1 0.39 | 0.39 | 1.30

Mean | 0.39 | 0.47 | 0.58 | 1.87 | 1.38 | 245 [ 0.59 | 0.52 | 1.90 | 2.03 | 0.51 | 0.39 | 1.09

Figure 4.1 depicts the monthly average discharge or hydrograph for the past 20 years. It

shows the months with the least and highest flow rates.
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Figure 4.1: Monthly hydrograph of Pumpum River

4.1 Flow-duration curve for catchment area

Flow —duration curve of a stream is a graphical plot of stream discharge against the
corresponding percentage of time that the stream discharge was equaled or exceeded. In
preparing the flow duration curve, stream flow data was arranged in descending order of
stream discharges. As the numbers of discharges are very large, a range of values as class
intervals was established from the monthly mean flow data from 1992 to 2012 (Table
4.2).The percentage of probability, Pp of any flow magnitude, Q being equaled or

exceeded is given as

PP = (51=) 2 100 (%) - 4.1

Where:
M — The order number of discharge (or class interval)

N — The number of data points in the list

45



Table 4.2: Monthly mean discharge and percentage probability

KNUST
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By using table 4.2 data points, a flow duration curve was drawn for Pumpum River in

figure 4.2

Flow duration Curve

u
o
S

Discharge(m3/s)
o
o
o

3.00 -
2.00
1.00 —
—
000 + ——— — :
0.00 20.00 40.00 60.00 80.00 100.00

Percentage (%)

120.00

Figure 4.2: Flow duration curve for Pumpum River.

From the graph;

The Minimum flow of water.is 0.39m%s
Discharge at 5% percentage is 3.561m>/s
Discharge at 20% percentage is 1.70m"/s
Discharge at 40% percentage is 0.58m°/s

Discharge at 95% percentage is 0.39m°/s
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4.2 Compensational Flow
Some volume of water is allowed to flow all the time so as to sustain aquatic organisms in
the stream.70 liters or 0.07m®/s is allowed for this purpose leaving 0.32m?/s of flow

available for power generation.

4.3 Power potential

Power potential of the site is obtained from equation 4.1. The design flow obtained is
0.32m%/s which is available 95% throughout the year from the flow duration curve.
P(KW) = kx Q(m3/s)x H(T) ...,

4.2
The best turbine can have hydraulic efficiencies in the range of 80% to over 90%
although this will reduce with size. If we take 70 % (as typical water to wire efficiency
for the whole system (BHA, 2005) then the above equation simplifies to
P(KW) = 7x Q(m3/s )l (T el e eeeeeeeene 4.3
P(KW) = 7x0.32m3/s x 50.93(m)
P(KW) = 1141
Energy = 114.1KW x Capacity Factor x 8760hr

= 114.1KW x 0.95 x 8760hr

=949,540.2 KWh
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4.3 Design of Civil structures

Based on the survey results, the preliminary design was accomplished at prefeasibility

level to determine the main specifications of the facilities and equipment.

4.3.1 Height of flood barrier walls
Height of intake barrier walls Hy, is the height to which water is likely to rise in the worst

flood condition as shown in figure 4.3.

Hp

Figure 4.3: Intake barrier wall.

The characteristic discharge of a weir is given by the equation

0, =CyxLl,xHz |. AL ANI I | 4.4
Where:

Qr =River discharge (m%s)

Cq - Coefficient of discharge for the weir

Hot — Head over top of weir (m)

L. — Length of weir (m)

Length of weir (L) is the same as the width of the river = 5.03m.Mean discharge of the
stream is 1.09m3/s and the coefficient of discharge of the weir C4 = 0.6.subsituting this in

the equation the head over top of the weir is given by
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1.09 §
0.6 x 5.03

=0.50/m
Height of the weir is assume to be Tm so the height of the flood barrier wall will be given

by

4.3.2 Intake dimension
The intake behaves according to discharge equatton given by

Q = AV = AC 1/ 2G (HT = HR) oo e eas sttt et eied e 4.6

Where:
Q - Discharge through intake (m3/s)
V — Velacity of water passing through intake m/s
Cq — coefficient of discharge of intake orifice (0.6<Cd<0.8)
A — Cross sectional area of-intake.
H, — Depth of water in river channel

Hy, — Depth of water in head canal
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Figure 4.4: Side intake.

The intake dimensions are determined under two conditions; normal condition when there
is no flood and flood condition.

Normal condition

Under this condition Hy, = d the depth of intake opening H, is computed from equation.
Hueir is assumed and set to-Lm during normal conditions Hy; = 0

H: (normal) = Hyir + Ho = 1.0m
Vi =Ca\29(Hr — Hyp)
The velocity is assumed to be 2<V;<4 m/s. Assuming a velocity of 2m/s and coefficient

of discharge of an intake of 0.6 (assuming masonry. orifice) substituting into equation 4.6,

height of intake Hy, is obtained.

2 =0.642x9.81(1—H,)

2 2
(ﬁ) — 2x9.81(1 — Hy)

1111 e
2x9.81_( n)
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Hy = 0.434m
From
Q4 = AiVi = HxBxVi
Where: Qq — Design flow = 0.32m%/s
H — Intake depth = 0.434
V -velocity of intake = 2m/s

Qd
B =
dxVi

B =0.32/0.434x2 = 0.37m

Therefore the dimension of the side intake is 0.43m x 0.37m

4.3.4 Headrace slope and width (nermal flow condition)
Velocity of VV, = 2m/s is considered good practice and chosen as first assumption. This is

the maximum allowable velocity for concrete beyond which channel erosion will occur.
The head race must be such that this velocity is maintained. Water depth Hy, is assumed to

be equal to d of intake canal.

= Qa
dxVi

W =0.32/0.434x2 = 0.37m

” .
~ Ll

wh

Figure 4.5: Dimension of head canal

Slope of the headrace is found using Manning’s equation

nxVh 2
§ = [T oo 47
Where:
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S =slope of the headrace
R = Wetted perimeter

n = roughness value for the material of the headrace

A W,x H
R h h]

~ P lw,+2H,
R = (0.37 x 0.434) / (0.37 + 2*0.434) = 0.13

0.015 x 212
= 0.130.667]

§ =00137

4.3.5 De-silting Basin (normal flow condition)

De-silting tanks are often provided in the head race of the canals and other water
conducting systems to trap as much as possible sediment in the water and thereafter
produce sediment free water. A basin for mini-hydropower scheme is often designed to
remove particles with diameter greater than 0.3mm with corresponding settling velocity
of about 0.03 m/s (Table 4.3).

Table 4.3: Vertical velocities of particles

Particle size mm | Vertical m/s

0.1 0.02

0.3 0.03

0.5 0.1

1.0 0.4

For the construction of the settling basin (figure 4.6), the first step is to choose a suitable
width of the basin (W). Rule of the thumb dictates that the width of the settling basin

should be two to five times larger than that of the headrace canal trying to make it as
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bigger as possible depending upon the available width in the MHP location (Pandey B.,

2006).
Q_> / Wl =~
—— Ea . ’ - )
A T~ '
B Outlet
e S V=Q/(WD) zorje
D e = o (-
, Vs § o | 7
Settling zone g /
~ 4 J
\ LZ R LI 1 ot W
L

Figure 4.6: Schematic sedimentation basin

After determination of the width, the next process is to calculate the length of settling
basin (Lsetting) DY Using equation 4.8.

= XL~ NN S 4.8

L .
settling WVyertical

Where,

Q = design flow (m/s)

Vverticat = fall velocity (For the settling particles of 0.3 mm diameter-the fall velocity is
taken as 0.03 m/s).

By this equation the length of the settling basin is determined, but it is very important to
check at this time that the length of the settling basin is around four to ten times its width.
The width of the head race canal = 0.37m

The width of the settling basin (W) was chosen as 1.85 m which is about Five times the

width of the headrace canal and is therefore allowed.

2x0.32

L =11.53m
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Here the L/W which is 11.53/1.85 = 6.85 = 6.23 which is about 6 times the width and

therefore the width is within the range of 4-10 times the length.

4.3.7 Forebay Design

Forebay is usually designed for a live storage of 2 minutes. Stored water is utilized while
starting the turbines. The transition canal is provided for lowering the velocity gradually.
Forebay is constructed immediately before the penstock pipe and at the end of the head
race (figure 4.7). The most important element to be caleulated-in the design of the forebay
tank is the submergence head.. The [submergence .head ar the depth of water above
penstock pipe, should fulfill the criteria (Submergence head) hs >1.5 V2/2g

Where, V refers to the velocity of water in the penstock, which in this case is 2.5 m/s;

1.5 x2.5%
2x9.81

hs =
hs =05m
The covering water depth at the penstock inlet must be above the following value to
prevent the occurrence of inflow turbulence.

D<1.0m->h > 1.0d
D>1.0m->h >1.0d’

Where,

h: water depth from the centre of the inlet to the lowest water level of the head tank =
covering water depth (m)

d: inner diameter of the penstock (m) which is 0.41m

According to design guidelines, the value should not be less than one times the penstock
diameter hence we assumed increase by 2 times

Hs=2x0.5m=1m

Total depth = submergence head + diameter of penstock + freeboard
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=1m+0.43m + 0.5m =1.93m
Storage period T = 30s (minimum 15s)
Size of forebay
Volume(V) = Q X T ..o e, 4.10
Volume(V) = 0.32 x 30

Volume = 8.4m?®

Area of forebay
A= b ISCENLLLES L 411
hs
__9.6m?
f ¢ I
Area = 9.6m?
Assume a width (W) of 2m
Length (L)
_ 9.6m?
> 7T

Length (L) = 4.8m

Transition length:
We assume the transition angle to be 35°

2 —0.37
Liransition — m

Transition length = 1.16m

Total length of forebay = 4.8m + 1.16m = 5.96m

Spillway in forebay is given by equation 4.12
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3

— 2
Qspillway = WxLSpiuwanyovertop ......................................................... 4.12

(ENTEC AG, March 2001) agrees that for a MHP, broad round edged profile where C,, =
1.6 is easy and reliable to construct. Therefore, the value of C,, taken while designing
spillway for the project is also 1.6

Hovertop = 500mm = 05m

_ Qspillway
Lspillway - 3

Cy, x HZ

overtop

0.32
Lspiuway = 1620515

Spillway length = 0.57m

1 —_— -

— channel

Hiing
J

stilling basin

‘ 1per1srock

Figure 4.7: Forebay dimension

4.3.8 Penstock Design
In designing the penstock, it length (L) was determined from topographic map. In this

project, the length of the penstock was 200m.Restricting head loss to 5% is considered to

be a good practice. Head loss in penstock is given by equation 4.13

h _ 103xn%xQ2%xL 413
1~ D533 .

Where:
D = Penstock diameter

h = Head loss
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n = surface roughness of penstock

If we limit hf at 4H/100, D can be computed knowing Q, n and L, by equation 4.14.

b — 5 6o (00127 0.32%x 200 o7
- 50.93
D =.0.43m
Pipe Thickness

The pipe thickness t for a pipe of internal diameter D and internal pressure P is given by

Where e, — Extra thickness to allow for corrosion
P — Hydrostatic pressure in-pipe (KN/m?)
D — Internal pipe diameter (mm)

S — Allowable tensile strength (KN/m?)

Pressure of WHELF Ra + POR-E . gl P ... Lol ooeeeeeee. 4.16
Where Pa — Atmospheric pressure at water surface
P — Water density
h- Head of water
g — Acceleration due to gravity
P =1.103 x 10° + 1000 x 9.81 x 50.93
P =110300 + 499623.3 = 609923.3 N/m
Material selected for this penstock is welded steel with ultimate tensile strength of

400 x 10° N/m? (ESHA, 2004) with a safety factor of 2.
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_ 609923.3x0.43x2
N 400 x 106

+ e,

T=0.001311m + 0.001m = 0.002311m = 2.3mm

4.4 Design of Mechanical equipments
Turbine selection is based on the output of turbine and available head for the site. From
figure 4.8, the suitable turbine for this plant is Cross flow turbine.

el T %l Yo % FTRT N 1 W
& “’: L h‘ﬁ{ﬁ“ l’ T
H(m)r.oat - ’ - N ‘ M- ) I |

Figure 4.8: Turbine Selection Graph

4.4.1Determination of specific speed of turbme n (rpm)
Rotational speed of the turbine is given by equation 4.18

N, =27

- H1‘25 ....................................................................................

Net head = Gross head — Head loss
Net head = Gross head — 4% (Gross Head)
=50.93m — (0.04x50.93) = 48.89m
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Rotational speed of turbine = 750 rpm

750v114
s = 48.89125

Ns =62

This is within the specific speed range of a cross flow turbine given as 40 < Ns < 200.
(MHP-1, 2009)

4.4.2 Cross flow runner diameter

Runner diameter of cross flow turbine s given by‘equation 4.19.

1y et 4.19

D e e I G i
runner Crossflow RPM

Drunner = T

D=0.38m

4.4.3 Cross flow runner fength
The jet thickness is usually between one tenth and one fifth of runner diameter. Having

estimated tje;, the approximate runner length Lyunner Can be found from the orifice

discharge equation
Q = Anozzie m
Q' =1tje, x jet widthx m
Q = et X Lyynner X \/29Hnet

[
AR
bo
S

Loy = g crveeesssssssss
tier = 1/5x D = 0.2 X 0.38 = 0.0758

, _0.23x0.32
TURTET T 0.0764/48.89

L =0.139m
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4.5 Sizing of Electrical equipments

The output of generator in KVA is calculated from the following equation

981xHxQxn

P(KVA) = ”

................................................................... 4.21

Where H — net head
Q — Rated discharge
n — Combined efficiency of turbine, transmitter and generator
pf —power factor usually 80%
Power factor (pf) is based on the type of load in the system. However, 80% is usually

applied for convenient purpose.

9.81 x48.89x 0.32 x 0.7
0.8

P(KVA).=

P(KVA) =134

4.5.1 Speed and number of poles
The rated rotational speed is specified according to the frequency (50 or 60 Hz) of power
network and the number of poles as shown in equation 4.22 for induction generator

selected for this project.

1201

N(rpm) = — G0 5, 7 e R gl -~ 0 S 4.22

Where P — number of poles of generator
F — Frequency of the system (Hz)
S — Slip of generator

Slip is given by the equation

_ Ng— Ny
- NS -------------------------------------------------------------------------------------------

4.23

Where Ns — is the synchronous speed

61



Nr - is the rated rotor speed of the induction motor and Nr always exceeds Ns while
acting as a generator.

_ 120f
P

Ns

The speed desired for the generator is 750 rpm and therefore the number of poles is

120f
P =
Ns

N 120x50
A\l 50

P = 8 pole generator

Rotational speed of induction generator

N(rpm) = @(1 +5)

S is normally given as 0.02
N(rpm) = 750(1 + 0.02)

=765

Gearing ratio (G)

alternator rpm

turbine rpm

_ 765
750

1.02
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Figure 4.9 illustrates the layout of the main components of the project on the landscape.

Table 4.4 depicts the summary of the project specifications.
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Figure 4.9: Layout of the main components on site
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Table 4.4: Summary of project technical specifications

Components Dimension/Size
Drainage Area (km°) 87

Gross head (m) 50.93

Design Discharge (m3/s) 0.32

Orifice for side intake Area—0.37m x 0.43m

Delivery discharge —0.32m>/s

Headrace canal Arga—0.37m x 0.43m
Wettedyperimeter —6,13m
Velocity=2m/s
Canal bed slope — 0.0137 (1:73m)

Settling Basin Length — 11.53m
Width — 1.85m
Forebay Length -5.96m
Width -2m
Depth - 1.93m
Penstock Diameter - 0.43m

Thickness - 2.3mm
Length -250m

Turbine Crossflow -(114KW)
Specific Speed - 62
Runner diameter - 0.38m
Runner length - 0.14m

Generator Size- 134 KVA
rotational speed -750.rpm
number-of poles.-8

4.6 Economic Appraisal

The economic analysis is a comparison of cost and benefits that enables the investor(s) to
make informed choice whether to develop the project or abandon it. Small hydro cost can
be split into three segments which are: Machinery, Civil works and external costs.

Payback method was used to validate the viability of the project. The payback method
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determines the number of years required for the invested capital to be offset by resulting
benefits. The required number of years is termed the payback, recovery, or break-even
period. The economic analysis was done using the software program RETScreen4, a clean
energy project analysis software which is provided free of charge by Natural Resources

Canada.

4.6.1 Project Costing

The Small Hydro Project Model .of RETScreen software offers two methods for project
costing; the detailed costing method and the formula costing method. The costing method
is selected from the drop-down list in the beginning of Cost Analysis worksheet. The
detailed costing method will not be used in this study. The formula costing method is
based on empirical formulae that have been developed to relate project costs to key
project parameters. After selecting formula costing method for calculation of project
costs, project country should be entered (Table 4.5). The formula method uses Canadian
projects as a baseline and then allows the user to adjust the results for local conditions.
The cost of projects outside Canada compared to the cost of projects in Canada will
depend, to a great extent, on the relative cost of equipment, fuel, labour and equipment
manufacturing, and the currency of the country. For projects outside Canada, costs are
adjusted based on the relative costs.of these items-and the exchange rate. The ratio of the
costs of fuel and labour between Ghana and Canada for the year 2013 are examined and
the following values were found:

Canadian average diesel fuel cost was 5.1 US$/gallon and Ghana average diesel fuel cost

5.0US$/gallon. Therefore Ghana versus Canadian fuel cost ratio is calculated as 1:1.
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Canadian versus Ghana labor cost was calculated based on the minimum wage per month.

Canada’s minimum wage is 16,710$/Month and Ghana minimum wage is 689$/Month

(Wikipedia.com) and as such Ghana versus Canada labor cost is calculated as 0.04:1

Ghana versus Canadian equipment manufacture cost ratio is also estimated as unity since

the manufacturing sector for hydropower does not exist in Ghana and significant

percentage of the equipment needed is generally imported. The average exchange rate

between USD and CAD for the year 2013 is found as 0.98 (Bank of Canada, 2013).

The selection of project classification is an Important parameter for the correct evaluation

of project costing because the costs of certain components, particularly the civil works,

are affected by this selection. This is due to larger projects requiring more conservative

designs with higher associated risks.

Table 4.5: Hydro formula costing method.

Country Ghana

Local vs. Canadian equipment cost

ratio 1.00

Local vs. Canadian fuel cost ratio 1.00

Local vs. Canadian labour cost ratio 0.04

Equipment manufacture cost coefficient 1.00

Exchange rate $/CAD 0.98

Cold climate yes/no No

Design flow m?3/s 0.32 0.32
Gross head m 50.93 50.93
Number of turbines turbine 1 1
Type Cross-flow Cross-flow
Flow per turbine m3/s 0.32

Turbine runner diameter per unit m 0.29

Facility type Mini Micro
Existing dam yes/no No

New dam crest length m 1

Rock at dam site yes/no Yes

Maximum hydraulic losses % 4.0% 4.0%
Miscellaneous losses % 2.0%
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Based on the hydro costing method, the initial cost of the project was estimated as

$395,000 breaks down as follows (Table 4.6).

Table 4.6: Cost categorization of project.

Amount Adjustment Amount Relative
Initial costs (credits) $ factor $ costs
Feasibility study 12,000 1.00 12,000 3.0%
Development 15,000 1.00 15,000 3.8%
Engineering 75,000 1.00 75,000 19.0%
Power system
Hydro turbine 118,000 1.00 118,000 29.9%
Road construction 0 1.00 0 0.0%
Transmission line 4,000 1.00 4,000 1.0%
Substation 4,000 1.00 4,000 1.0%
Balance of system &
miscellaneous
Penstock 104,000 1.00 104,000 26.3%
Canal 2,000 1.00 2,000 0.5%
Tunnel 0 1.00 0 0.0%
Other 61,000 1,00 61,000 15.4%
Sub-total: 167,000 167,000
Total initial costs 395,000 395,000 100.0%

4.6.2 Retscreen — Energy Model and Power Project General Entries
RETScreen project information entries are list below. Items in bold refer to RETScreen

field name, and-items in normal font were entered by the user. Note that descriptions of
some-.of the more obscure fields are given below:it.
Analysis Type: Method 1
Proposed Project: Run-of -river
Gross Head: 50.93 (m)
Maximum Tail water Effect: 0.00 (m)
Residual Flow: 0.070 (m3/s)
Percent Time Firm Flow Available: 95 (%)
Design Flow: 0.32 (m%/s)

Turbine Type: Cross-flow
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Turbine Efficiency: Standard
Number of Turbines: 1
Efficiency Adjustment: 0.0 (%)
Flow Values (m3/s) for the Flow Duration Curve (FDC): 1992-2012 estimated average
Flow Data (m3/s) were used
Maximum Hydraulic Losses: 4 (%)
Miscellaneous Losses: 2 (%)
Generator'Efficiency: 89,(%)
Availability: 95 (%)
(This represents about 18 days of equivalent down time per year.)
Electricity Export Rate: 0.1 Dollars ($) per kilowatt hour (kWh), or 100 dollars
per megawatt hour ($/MWh)

Total-Initial Cost: 395,0004($)

O&M Parts and Labour: 10,000 (%)
Fuel Cost Escalation Rate: 0 (%)
Inflation Rate: 9.0 (%) (Bank of Ghana, 2010)
Project Life: 25 (yrs)
Debt Ratio: 70 (%)
(This is the amount of money-borrowed compared with the money used).
Debt interest Rate: 20 (%)
Debt Term: 15 (yrs)

(This is the length of time that debt is being paid on the project).
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Table 4.7: Financial summary of project.

Financial viability

Pre-tax IRR - equity % 43.4%
Pre-tax IRR - assets % 21.3%
Simple payback yr 4.9
Equity payback yr 3.2
Cumulative cash flows graph
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Figure 4.10: Cumulative cash flow graph

The project is feasible according to RETScreen-Small Hydro Model as the net present

Year

value and internal rate of return are positive and the benefit cost ratio is above 1 which is

shown in Figure 4.10. The simple payback is after 4.9 years.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions
The summary of the main findings based on the analysis undertaken in chapters is
presented in this section followed by key recommendations.

» Stream flow rate and head of Pumpum river

Adequate head and flow are_necessary requirements for hydropower
generation (ESHA, 2004)." Pumpum River has a potential for
producing electricity. The, available head measured was 50.93m.
Pumpum River is perennial as it has some flow at all times of the
year. There is a guarantee flow rate of 0.32m*/s throughout the
year. The designed flow obtained in this work is 0.32m?%s which is

available 95 percentage of the time and gives a power of 114 KW.
> Preliminary design of small"hydro power plant.

Preliminary design of the hydropower plant was carried out. Cross
flow turbine "was selected since 1t meets both head and power
requirements. which can be produced by the plant and also maintains
appreciable efficiency-at-low-flow rate. The turbine was sized to produce
power output of 114kW with a runner diameter of 380mm and a runner
length of 140mm.An 8 poles Induction motor was used as the preferred
generator with a rated power of 134KVA and a rotational speed of

750rpm.

The following civil work components were designed: Weir and

intake, headrace, spillway, de-silting tank, forebay tank and
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penstock. The dimension of the side intake is 0.37m x 0.43m
allowing a delivery of 0.32m%s discharge into the headrace canal.
Headrace canal have a size of 0.37m x 0.43m with a bed slope of
0.0137.Settling basin has the following dimensions: Length -11.53m,
Width-1.85m.Forebay has the following dimensions: Length — 5.96m,
Width -2m, Depth — 1.93m.The penstock material selected is welded steel
with the following dimensions: Diameter -430mm,thickness -2.3mm and

length of 250m

» Economical Appraisals of Kintamposmini hydropower plant
RETScreen module was used to analyze the economic viability of the
hydropower project. From the module, the simple payback of 4.9 years
was obtained. Initial cost of the project was $ 395,000 and estimated

annual revenue of $ 90,830.

» Modeling of RETScreen module
RETScreen module was used to analyze the viability of the project.
The outputs calculated from this module were: Maximum hydraulic
losses (4%), power capacity (106 KW), Capacity factor (95%) and
electricity exported to grid (880MWh).The result of the experiment
compares favorably-with the result-of RETScreen. Whiles 114 KW was
obtained from the experiment as the power produced, 106 KW was
estimated by the RETScreen Software. This means the software value is
93% of the experimental value. For the annual energy delivered to the grid,
experimental result gave 950MWh whiles RETScreen gave annual energy
delivered to the grid as 880 MWh. This value is 93% of the experimental

result. The proposed project will bring benefits such as no atmospheric
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pollutants and minimal green house gases emission; enhance air quality,
minimized depleting non-renewable fuel resources and slowing down
climate change. Proposed small hydropower plant will be
sustainable and can be implemented.

5.2 Recommendations.

The project is found to be technically attractive, financially sound and

environmentally friendly. The key recommendations can be summarized as follows:

i. The in- situ and laboratory ' test' of rock'.and soil type at project site is
recommended to get further geo-technical properties of rock and soil in details.

ii. It is recommended to carry out detail investigation of flood hazards around
proposed project site.

iii.  The catchment area needs to be estimated using GIS software such as ArcGIS.

iv. It is recommended that the river be gauged for at least a year for accurate

discharge information.befare any serious hydropower development.
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APPENDICES

APPENDIX A. Monthly rainfall (mm) from year 1992 to 2012

Month
Year | Jan | Feb | Mar | Apr May Jun Jul | Aug | Sep Oct Nov | Dec
1992 0 10.3 | 17.7 | 1885 | 1574 | 147 | 838 | 15 | 203.6 | 1385 | 543 | 05
1993 0 61 79 112.7 | 245.7 154 19.8 18 186.2 | 151.1 | 443 | 8.3
1994 | 142 | 246 | 71.5 | 100.8 | 116.6 | 1399 | 16.2 | 17 | 190.2 | 2239 | 47.8 0
1995 0 32 144 | 268.7 | 1555 | 156.3 | 108.7 | 103.3 | 201.1 | 150.6 | 39.5 | 41.9
1996 0 |159.8] 96.1 | 1351 | 113.4 | 2245 | 1286|1256 | 62.1 | 186.2 | 148 | 11.6
1997 | 245 0 57.8 | 59.2_1| 130.2 | 219.1 | . 94.9 | 53.7 | 83.2 | 165.1 | 17.6 | 18.6
1998 | 5.6 49 | 346 | 137 586 | 1954 [.57.1 | 45.1 | 165.7 | 243.2 | 6.5 | 23.7
1999 | 205 | 74.1 | 152.4 | 140.1 [+ 163 | 129.8 | 34.7 | 83.7 | 156.8 | 136.7 | 86.5 0
2000 | 27.4 0 62.3 | 243.1 | 104.8 | 1245 | 1016|1185 | 75 593 |101.1| O
2001 0 10.1 | 134.2| 398.6 | 76.3 |:311.3 | 56.4 | 315 | 1123 | 70.7 | 26.1 | 10.7
2002 | 30.1 | 30.2 | 102.9 | 262.4 | 179.1 | 1723 | 97.4 | 447 | 67.7 | 152.6 | 77.2 7
2003 | 225 | 63.9 | 56.1 | 204.6 | 1449 | 2328 | 32 | 50.7 | 2287 | 211 | 78.6 0
2004 | 14.6 | 56.9 | 48.2 | 1379 | 177.2 | 58.9 | 944 | 131 | 281.2 | 253.8 | 52.9 0
2005 | 1.1 47 78 | 1237 | 114 | 1125 | 73.6 | 40.7 | 1426 | 233.7 | 56.9 | 294
2006 | 476 | 6.3 |106.7| 655 | 183.3 | 249.1 | 854 | 153 | 106.9 | 267.6 | 15 7.6
2007 | 0.6 19 |[116.2| 161.2 | 137.7 [ 217.7 | 146.8 | 100.5| 330.4 | 140.5 | 81.8 0
2008 0 4144498 204.9+.132.9 | 174 | 815 | 154.4| 2195 | 188.7 | 40.1 | 39.3
2009 0 53.8% 1053548 15%. 18" 59 48 1721 —§5 86.4 | 1129 | 203 14
2010 0 28.5 | 1158 | 2035 |.141.7 | 2934 |158.8 | 915 | 1514 | 139.2 | 649 | 20
2011 | 2.6 96 | 36.6 32 148.2 |.325.5 | 88.2 | 275 | 2229 | 2016 | 124 0
2012 1 425 | 80.1 |96.8 |320.7 | 256.7| 894 | 75 108 232 | 439 | 94
Mean | 10.11 | 41.06 | 85.78 | 163.36 | 150.11 | 194.48 | 86.73 | 60.49 | 161.04 | 174.23 | 55.49 | 11.52
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APPENDIX B. Monthly average temperature (°C) from year 1992 to 2012

Months
Year |Jan Feb | Mar | Apr |May |Jun | Jul Aug [Sep |Oct | Nov |Dec
1992 | 2535 | 28.4 | 288 |2745| 26.8|2545| 23.9| 23.8|2485| 259 | 254 | 257
1993 | 25.3| 28.7| 27.3|27.85|27.35|26.05| 24.9|24.65|2535|26.25| 26.8| 25.45
1994 | 26.5| 28.6 |28.85]|27.95 27| 25.9|25.35|25.15| 2555 | 2577|2585 | 25.1
1995 | 25.7|28.65|2835| 27.7| 27.2| 26.2| 254 | 2541|2555 | 25.9|26.35| 25.45
1996 | 26.9| 27.7|2765| 273 | 27.1| 25.8|25.05| 24.9|25.05|2545| 26.7| 259
1997 | 26.55 | 27.8 |29.15|2755|26.75| 25.6 | 24.75| 24.6 | 25.55 | 26.55 27| 26.7
1998 | 26.95 | 28.95 | 30.85 | 28.55 | 27.75 | 26.35 | 25.3 | 25.05 | 25.65 | 26.1 | 27.45 | 26.55
1999 | 275 |27.45(27.95|27.05|26.85| 26.2| 254 | 248 | 24.8|25.05 26 | 25.45
2000 27| 26.75 | 29.25 | 27.25 27| 25.65 | 24.55,| .24.2 | 2495 | 25.8|26.45| 25.7
2001 | 26.65 | 28.25 | 28.7|26.85|.26.81) 259 |2515| 242 | 245|2595| 26.8| 27.25
2002 | 259 | 28.6 28| 275 26.¥ | "25.%../25.3.124.35|24.95| 25.9| 26.35| 25.35
2003 | 26.65 | 28.8 |28.95| 27.5|27.35|25.65|25.05| 249 | 2575|2645 |26.45| 257
2004 | 26.8 2825 | 28.3| 27.2| 26.7|25.75|24.85|24.65|2535|26.15| 26.6 | 26.85
2005 | 25.35|29.05 | 27.9| 279 27 259 | 247 | 241 | 253|2555| 265| 25.6
2006 | 27.15| 28.1|27.65|27.85|26.65|26.35| 255 |25.15| 258 | 26.3| 26.4| 25.95
2007 | 26.1| 28.8 29127.35|26.85| 25.9| 253 | 246|2525| 25.7| 26.3| 259
2008 | 245(29.15| 28.2|27.15|26.95| 258 | 25.1 | 249 | 255|2595| 26.4| 259
2009 | 28.3|26.45| 27.3|26.75| 26.7| 2582455 | 245 | 252 |2545| 257 | 26.15
2010 | 27.1| 28,5 |28:15 | 27.75+4.27.15 |« 25.8 | 24.65 | 24.45 25| 25,55 | 25.95 | 26.15
2011 | 25.15 27| 27.35 |127.75/26.85 | 255 242 | 23.9| 24.9|25.65| 26.9| 25.75
2012 | 26.1|28.05| 28.2]27.45| 26.5| 25.7 | 24.6 24.35| 255 |26.05| 26.8| 26.05
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APPENDIX C. Estimated monthly discharge (m®/s) of Pumpum River from year

1992 to 2012
Possible Mont
Evaporati Month | hly
on Real Base ly mean
Rainfa | Temperat | Annual (Blaney- | Evapora Direct | Runof | Runof | disch
Year Il ure Sunshine Criddle) tion Runoff | Runoff f f arge
Jan-92 0 25.35 8.21 97.12 0.00 0.00 0.00 1212 | 1212 0.39
Feb-92 10.3 28.4 7.51 95.12 10.30 0.00 0.00 10.95 10.95 0.39
Mar-92 17.7 28.8 8.45 107.95 17.70 0.00 0.00 1212 | 1212 0.39
Apr-92 188.5 27.45 8.34 103.46 103.46 85.04 55.28 11.73 67.01 2.25
May-92 | 157.4 26.8 8.74 106.86 106.86 50.54 32.85 1212 | 44.97 1.46
Jun-92 147 25.45 8.53 101.14 101.14 45.86 29.81 11.73 41.54 1.39
Jul-92 83.8 23.9 8.78 100.37 83.80 0.00 0.00 12.12 12.12 0.39
Aug-92 1.5 23.8 8.66 98.J(6 1.50 0:00 0.00 12.12 12.12 0.39
Sep-92 203.6 24.85 8.25 96.46 96.46 107.14 69.64 11.73 81.37 2.73
Oct-92 138.5 25.9 8.37 100.27 100.27 38.23 24.85 12.12 36.97 1.20
Nov-92 54.3 254 7.98 94.50 54.30 0.00 0.00 11.73 11.73 0.39
Dec-92 0.5 25.7 8.18 97.55 0.50 0.00 0.00 12.12 12.12 0.39
Jan-93 0 25.3 8.21 97.00 0.00 0.00 0.00 12.12 12.12 0.39
Feb-93 61 28.7 7.51 95.73 61.00 0.00 0.00 10.95 | 10.95 0.39
Mar-93 79 27.3 8.45 104.47 79.00 0.00 0.00 12.12 12.12 0.39
Apr-93 112.7 217.85 8.34 104.37 104.37 8.33 5.41 11.73 17.15 0.58
May-93 245.7 217.35 8.74 108.18 108.18 13752 89.39 12.12 | 101,51 3.30
Jun-93 154 26.05 8.53 102.54 102.54 51.46 33.45 11.73 45.18 1.52
Jul-93 19.8 24.9 8.78 102.77 19.80 0.00 0.00 1212 | 1212 0.39
Aug-93 18 24.65 8.66 100.78 18.00 0.00 0.00 12.12 12.12 0.39
Sep-93 | 186.2 25.35 8.25 97.59 97.59 88.61 57.60 11.73 | 69.33 2.33
Oct-93 151.1 26.25 8.37 101.07 101.07 50.03 32.52 12.12 44.64 1.45
Nov-93 44.3 26.8 7.98 97.57 44.30 0.00 0.00 11.73 | 11.73 0.39
Dec-93 8.3 25.45 8.18 96.99 8.30 0.00 0.00 12.12 | 1212 0.39
Jan-94 142 26.5 8.21 99.70 14.20 0.00 0.00 12.12 12.12 0.39
Feb-94 24.6 286 /- % 95.53 24.60 0.00 0.00 10.95 | 10.95 0.39
Mar-94 715 28.85 8.45 108.06 71.50 0.00 0.00 12.12 12.12 0.39
Apr-94 | 100.8 27.95 8.34 104.60 100.80 0.00 0.00 11.73 | 11.73 0.39
May-94 116.6 27 8.74 107.34 107.34 9.26 6.02 12.12 18.14 0.59
Jun-94 139.9 25.9 8.53 102.19 102.19 37.71 2451 11.73 36.25 1.22
Jul-94 16.2 25.35 8.78 103.86 16.20 0.00 0.00 12.12 12.12 0.39
Aug-94 17 25.15 8.66 101.96 17.00 0.00 0.00 12.12 12.12 0.39
Sep-94 | 190.2 25.55 8.25 98.04 98.04 92.16 59.90 1173 | 71.63 2.40
Oct-94 223.9 25.7 8.37 99.81 99.81 124.09 80.66 12.12 92.78 3.01
Nov-94 47.8 25.85 7.98 95.49 47.80 0.00 0.00 1173 | 11.73 0.39
Dec-94 0 25.1 8.18 96.20 0.00 0.00 0.00 1212 | 1212 0.39
Jan-95 0 25.7 8.21 97.90 0.00 0.00 0.00 12.12 12.12 0.39
Feb-95 32 28.65 7.51 95.63 32.00 0.00 0.00 10.95 | 10.95 0.39
Mar-95 144 28.35 8.45 106.91 106.91 37.09 2411 12.12 36.23 1.18
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Apr-95 | 268.7 217 8.34 104.03 104.03 164.67 | 107.04 | 11.73 | 118.77 3.99
May-95 155.5 27.2 8.74 107.82 107.82 47.68 30.99 1212 | 43.12 1.40
Jun-95 156.3 26.2 8.53 102.89 102.89 5341 34.72 11.73 | 46.45 1.56
Jul-95 108.7 254 8.78 103.98 103.98 4.72 3.07 12.12 | 15.19 0.49
Aug-95 103.3 254 8.66 102.56 102.56 0.74 0.48 1212 | 1261 0.41
Sep-95 | 201.1 25.55 8.25 98.04 98.04 103.06 66.99 11.73 | 78.72 2.64
Oct-95 150.6 259 8.37 100.27 100.27 50.33 32.71 1212 | 44.84 1.46
Nov-95 39.5 26.35 7.98 96.58 39.50 0.00 0.00 11.73 | 11.73 0.39
Dec-95 41.9 25.45 8.18 96.99 41.90 0.00 0.00 1212 | 12.12 0.39
Jan-96 0 26.9 8.21 100.61 0.00 0.00 0.00 1212 | 1212 0.39
Feb-96 159.8 21.7 7.51 93.67 93.67 66.13 42.98 10.95 | 53.93 1.94
Mar-96 96.1 27.65 8.45 105.28 96.10 0.00 0.00 12.12 | 12.12 0.39
Apr-96 135.1 27.3 8.34 103011 103.11 31.99 20.79 11.73 | 32.52 1.09
May-96 113.4 27.1 8.74 107.58 107.58 5.82 3.78 12.12 | 1591 0.52
Jun-96 | 224.5 25.8 8.53 101.95 101.95 122.55 79.66 11.73 | 91.39 3.07
Jul-96 128.6 25.05 8.78 103.14 103.14 25.46 16.55 12.12 | 28.67 0.93
Aug-96 125.6 24.9 8.66 101.37 101.37 24.23 15.75 12.12 | 27.87 0.91
Sep-96 62.1 25.05 8.25 96.91 62.10 0.00 0.00 11.73 | 11.73 0.39
Oct-96 186.2 25.45 8.37 99.24 99.24 86.96 56.53 12.12 | 68.65 2.23
Nov-96 14.8 26.7 7.98 97.35 14.80 0.00 0.00 11.73 | 11.73 0.39
Dec-96 11.6 25.9 8.18 D> 11.60 0.00 0.00 12.12 | 12.12 0.39
Jan-97 245 26.55 8.21 99.82 24.50 0.00 0.00 1212 | 1212 0.39
Feb-97 0 27.8 o 93.88 0.00 0.00 0.00 10.95 | 10.95 0.39
Mar-97 57.8 29.15 8.45 108.76 57.80 0.00 0.00 12.12 | 12.12 0.39
Apr-97 59.2 27.55 8.34 103.68 59.20 0.00 0.00 11.73 | 11.73 0.39
May-97 130.2 26.75 8.74 106.74 106.74 23.46 15.25 12.12 | 27.37 0.89
Jun-97 | 219.1 25.6 8.53 101.49 101.49 117.61 76.45 11.73 | 88.18 2.96
Jul-97 94.9 24.75 8.78 102.41 94.90 0.00 0.00 12.12 | 12.12 0.39
Aug-97 53.7 24.6 8.66 100.66 53.70 0.00 0.00 1212 | 1212 0.39
Sep-97 83.2 25.55 8.25 98.04 83.20 0.00 0.00 11.73 | 11.73 0.39
Oct-97 165.1 26.55 8.37 101.76 101.76 63.34 41.17 12.12 | 53.29 1.73
Nov-97 17.6 27 7.98 98.01 17.60 0.00 0.00 11.73 | 11.73 0.39
Dec-97 18.6 26.7 8.18 T 18.60 0.00 0.00 12.12 | 12.12 0.39
Jan-98 5.6 26.95 8.21 100.72 5.60 0.00 0.00 12.12 | 1212 0.39
Feb-98 4.9 28.95 7.51 96.25 4.90 0.00 0.00 10.95 | 10.95 0.39
Mar-98 34.6 30.85 8.45 112.70 34.60 0.00 0.00 1212 | 12.12 0.39
Apr-98 137 28.55 8.34 105.97 105.97 31.03 20.17 11.73 | 31.90 1.07
May-98 58.6 27.75 8.74 109.14 58.60 0.00 0.00 1212 | 12.12 0.39
Jun-98 195.4 26.35 8.53 103.24 103.24 92.16 59.90 11.73 | 7164 2.40
Jul-98 57.1 25.3 8.78 103.74 57.10 0.00 0.00 1212 | 1212 0.39
Aug-98 45.1 25.05 8.66 101.73 45.10 0.00 0.00 1212 | 1212 0.39
Sep-98 165.7 25.65 8.25 98.27 98.27 67.43 43.83 11.73 | 55.56 1.86
Oct-98 | 243.2 26.1 8.37 100.73 100.73 142.47 92.61 12.12 | 104.73 3.40
Nov-98 6.5 27.45 7.98 98.99 6.50 0.00 0.00 1173 | 11.73 0.39
Dec-98 23.7 26.55 8.18 99.45 23.70 0.00 0.00 1212 | 1212 0.39
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Jan-99 20.5 275 8.21 101.96 20.50 0.00 0.00 1212 | 1212 0.39
Feb-99 74.1 27.45 7.51 93.16 74.10 0.00 0.00 1095 | 10.95 0.39
Mar-99 152.4 27.95 8.45 105.98 105.98 46.42 30.17 12.12 | 42.30 1.37
Apr-99 140.1 27.05 8.34 102.54 102.54 37.56 24.41 11.73 | 36.15 1.21
May-99 163 26.85 8.74 106.98 106.98 56.02 36.41 12.12 | 4854 1.58
Jun-99 129.8 26.2 8.53 102.89 102.89 26.91 17.49 11.73 | 29.22 0.98
Jul-99 34.7 254 8.78 103.98 34.70 0.00 0.00 1212 | 12.12 0.39
Aug-99 83.7 24.8 8.66 101.13 83.70 0.00 0.00 1212 | 1212 0.39
Sep-99 156.8 24.8 8.25 96.34 96.34 60.46 39.30 11.73 | 51.03 1.71
Oct-99 136.7 25.05 8.37 98.32 98.32 38.38 24.95 12.12 | 37.07 1.20
Nov-99 86.5 26 7.98 95.82 86.50 0.00 0.00 11.73 | 11.73 0.39
Dec-99 0 25.45 8.18 96.99 0.00 0.00 0.00 12.12 | 12.12 0.39
Jan-00 274 27 8.21 100.83 27.40 0.00 0.00 1212 | 12.12 0.39
Feb-00 0 26.75 7.51 91.72 0.00 0.00 0.00 10.95 | 10.95 0.39
Mar-00 62.3 29.25 8.45 108.99 62.30 0.00 0.00 1212 | 12.12 0.39
Apr-00 | 2431 27.25 8.34 103.00 103.00 140.10 91.07 11.73 | 102.80 3.45
May-00 104.8 27 8.74 107.34 104.80 0.00 0.00 1212 | 1212 0.39
Jun-00 | 124.5 25.65 8.53 101.60 101.60 22.90 14.88 11.73 | 26.62 0.89
Jul-00 | 101.6 24.55 8.78 101.93 101.60 0.00 0.00 12.12 | 12.12 0.39
Aug-00 118.5 24.2 8.66 99.71 99.71 18.79 12.21 1212 | 24.34 0.79
Sep-00 75 24.95 8.25 96.68 75.00 0.00 0.00 11.73 | 11.73 0.39
Oct-00 59.3 25.8 8.37 100.04 59.30 0.00 0.00 1212 | 1212 0.39
Nov-00 | 101.1 26.45 7.98 96.80 96.80 4.30 2.79 11.73 | 14.53 0.49
Dec-00 0 25.7 8.18 97.55 0.00 0.00 0.00 12.12 | 12.12 0.39
Jan-01 0 26.65 8.21 100.04 0.00 0.00 0.00 12.12 | 12.12 0.39
Feb-01 10.1 28.25 -5 94.81 10.10 0.00 0.00 10.95 | 10.95 0.39
Mar-01 134.2 28.7 8.45 107.72 107.72 26.48 17.21 12.12 | 29.34 0.95
Apr-01 | 398.6 26.85 8.34 102.08 102.08 296,52 | 192.74 | 11.73 | 204.47 6.86
May-01 76.3 26.8 8.74 106.86 76.30 0.00 0.00 1212 | 1212 0.39
Jun-01 | 311.3 25.9 8.53 102.19 102.19 209.11 | 18592 | 11.73 | 147.66 4.96
Jul-01 56.4 25.15 8.78 103.38 56.40 0.00 0.00 12.12 | 12.12 0.39
Aug-01 315 24.2 8.66 99.71 31.50 0.00 0.00 12.12 | 12.12 0.39
Sep-01 112.3 24.5 8.25 Clopony 95.67 16.63 10.81 11.73 | 22.54 0.76
Oct-01 70.7 25.95 8.37 100.39 70.70 0.00 0.00 12.12 | 1212 0.39
Nov-01 26.1 26.8 7.98 97.57 26.10 0.00 0.00 11.73 | 11.73 0.39
Dec-01 10.7 27.25 8.18 101.02 10.70 0.00 0.00 1212 | 12.12 0.39
Jan-02 30.1 25.9 8.21 98.35 30.10 0.00 0.00 1212 | 1212 0.39
Feb-02 30.2 28.6 7.51 95.53 30.20 0.00 0.00 10.95 | 10.95 0.39
Mar-02 102.9 28 8.45 106.09 102.90 0.00 0.00 1212 | 1212 0.39
Apr-02 | 262.4 275 8.34 103.57 103.57 158.83 | 103.24 | 11.73 | 114.97 3.86
May-02 179.1 26.7 8.74 106.62 106.62 72.48 47.11 12.12 | 59.23 1.92
Jun-02 1723 25.7 8.53 101.72 101.72 70.58 45.88 11.73 | 5761 1.93
Jul-02 97.4 25.3 8.78 103.74 97.40 0.00 0.00 1212 | 12.12 0.39
Aug-02 44.7 24.35 8.66 100.06 44.70 0.00 0.00 1212 | 1212 0.39
Sep-02 67.7 24.95 8.25 96.68 67.70 0.00 0.00 11.73 | 11.73 0.39
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Oct-02 152.6 259 8.37 100.27 100.27 52.33 34.01 12.12 | 46.14 1.50
Nov-02 77.2 26.35 7.98 96.58 77.20 0.00 0.00 11.73 | 11.73 0.39
Dec-02 7 25.35 8.18 96.76 7.00 0.00 0.00 1212 | 1212 0.39
Jan-03 22.5 26.65 8.21 100.04 22.50 0.00 0.00 1212 | 12.12 0.39
Feb-03 63.9 28.8 7.51 95.94 63.90 0.00 0.00 1095 | 10.95 0.39
Mar-03 56.1 28.95 8.45 108.30 56.10 0.00 0.00 1212 | 1212 0.39
Apr-03 204.6 2715 8.34 103.57 103.57 101.03 65.67 11.73 | 77.40 2.60
May-03 144.9 27.35 8.74 108.18 108.18 36.72 23.87 12.12 | 35.99 1.17
Jun-03 232.8 25.65 8.53 101.60 101.60 131.20 85.28 11.73 | 97.01 3.26
Jul-03 32 25.05 8.78 103.14 32.00 0.00 0.00 1212 | 1212 0.39
Aug-03 50.7 249 8.66 101.37 50.70 0.00 0.00 1212 | 12.12 0.39
Sep-03 228.7 25.75 8.25 98.49 98.49 130.21 84.63 11.73 | 96.37 3.23
Oct-03 211 26.45 8.37 101,63 101.53 109.47 71.15 12.12 | 83.28 2.70
Nov-03 78.6 26.45 7.98 96.80 78.60 0.00 0.00 11.73 | 11.73 0.39
Dec-03 0 25.7 8.18 97.55 0.00 0.00 0.00 1212 | 12.12 0.39
Jan-04 14.6 26.8 8.21 100.38 14.60 0.00 0.00 12.12 | 12.12 0.39
Feb-04 56.9 28.25 7.51 94.81 56.90 0.00 0.00 10.95 | 10.95 0.39
Mar-04 48.2 28.3 8.45 106.79 48.20 0.00 0.00 1212 | 12.12 0.39
Apr-04 137.9 27.2 8.34 102.88 102.88 35.02 22.76 11.73 | 34.49 1.16
May-04 177.2 26.7 8.74 106.62 106.62 70.58 45.88 12.12 | 58.00 1.88
Jun-04 58.9 25.75 8.53 101.84 58.90 0.00 0.00 11.73 | 11.73 0.39
Jul-04 944 24.85 8.78 102.65 94.40 0.00 0.00 1212 | 1212 0.39
Aug-04 131 24.65 8.66 100.78 100.78 30.22 19.65 12.12 | 31.77 1.03
Sep-04 | 281.2 25.35 8.25 97.59 97.59 183.61 119.35 11.73 | 131.08 4.40
Oct-04 | 253.8 26.15 8.37 100.84 100.84 152.96 99.42 12.12 | 11154 3.62
Nov-04 52.9 26.6 7.98 T3 52.90 0.00 0.00 11.73 | 11.73 0.39
Dec-04 0 26.85 8.18 100.13 0.00 0.00 0.00 12.12 | 12.12 0.39
Jan-05 1.1 25.35 8.21 97.12 1110 0.00 0.00 12.12 | 12.12 0.39
Feb-05 47 29.05 7.51 96.45 47.00 0.00 0.00 10.95 | 10.95 0.39
Mar-05 78 27.9 8.45 105.86 78.00 0.00 0.00 12.12 | 12.12 0.39
Apr-05 123.7 21.9 8.34 104.49 104.49 19.21 12.49 11.73 | 24.22 0.81
May-05 114 27 8.74 107.34 107.34 6.66 4.33 12.12 | 16.45 0.53
Jun-05 112.5 25.9 8.53 102.19 102.19 10.31 6.70 11.73 | 18.44 0.62
Jul-05 73.6 24.7 8.78 102.29 73.60 0.00 0.00 12.12 | 1212 0.39
Aug-05 40.7 24.1 8.66 99.47 40.70 0.00 0.00 1212 | 1212 0.39
Sep-05 142.6 25.3 8.25 97.48 97.48 45.12 29.33 11.73 | 41.06 1.38
Oct-05 233.7 25.55 8.37 99.47 99.47 134.23 87.25 12.12 | 99.37 3.23
Nov-05 56.9 26.5 7.98 96.91 56.90 0.00 0.00 11.73 | 11.73 0.39
Dec-05 294 25.6 8.18 97.32 29.40 0.00 0.00 1212 | 1212 0.39
Jan-06 47.6 27.15 8.21 101.17 47.60 0.00 0.00 1212 | 1212 0.39
Feb-06 6.3 28.1 7.51 94.50 6.30 0.00 0.00 10.95 | 10.95 0.39
Mar-06 106.7 27.65 8.45 105.28 105.28 1.42 0.92 1212 | 13.04 0.42
Apr-06 65.5 27.85 8.34 104.37 65.50 0.00 0.00 11.73 | 11.73 0.39
May-06 183.3 26.65 8.74 106.50 106.50 76.80 49.92 1212 | 62.04 2.02
Jun-06 249.1 26.35 8.53 103.24 103.24 145.86 94.81 11.73 | 106.54 3.58
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Jul-06 85.4 255 8.78 104.22 85.40 0.00 0.00 1212 | 1212 0.39
Aug-06 15.3 25.15 8.66 101.96 15.30 0.00 0.00 1212 | 12.12 0.39
Sep-06 106.9 25.8 8.25 98.61 98.61 8.29 5.39 11.73 | 1712 0.57
Oct-06 | 267.6 26.3 8.37 101.19 101.19 166.41 | 108.17 | 12.12 | 120.29 3.91
Nov-06 15 26.4 7.98 96.69 15.00 0.00 0.00 11.73 | 11.73 0.39
Dec-06 7.6 25.95 8.18 98.11 7.60 0.00 0.00 1212 | 1212 0.39
Jan-07 0.6 26.1 8.21 98.80 0.60 0.00 0.00 1212 | 12.12 0.39
Feb-07 19 28.8 7.51 95.94 19.00 0.00 0.00 1095 | 10.95 0.39
Mar-07 116.2 29 8.45 108.41 108.41 7.79 5.06 1212 | 17.19 0.56
Apr-07 161.2 27.35 8.34 103.23 103.23 57.97 37.68 11.73 | 4941 1.66
May-07 137.7 26.85 8.74 106.98 106.98 30.72 19.97 12.12 | 32.09 1.04
Jun-07 | 2177 25.9 8.53 102.19 102.19 115.51 75.08 11.73 | 86.82 291

Jul-07 146.8 25.3 8.78 103i74 103.74 43.06 27.99 12.12 | 40.11 1.30
Aug-07 100.5 24.6 8.66 100.66 100.50 0.00 0.00 12.12 | 12.12 0.39
Sep-07 | 330.4 25.25 8.25 97.36 97.36 233.04 | 151.47 11.73 | 163.21 5.48
Oct-07 140.5 25.7 8.37 99.81 99.81 40.69 26.45 12.12 | 38.57 1.25
Nov-07 81.8 26.3 7.98 96.47 81.80 0.00 0.00 11.73 | 11.73 0.39
Dec-07 0 25.9 8.18 9%.9° 0.00 0.00 0.00 1212 | 12.12 0.39
Jan-08 0 24.5 8.21 95.20 0.00 0.00 0.00 12.12 | 12.12 0.39
Feb-08 41.4 29.15 7.51 96.66 41.40 0.00 0.00 10.95 | 10.95 0.39
Mar-08 49.8 28.2 8.45 106.56 49.80 0.00 0.00 12.12 | 12.12 0.39
Apr-08 | 204.9 Pid s, 8.34 102.77 102.77 102.13 66.38 11.73 | 78.12 2.62
May-08 132.9 26.95 8.74 107.22 107.22 25.68 16.69 12.12 | 28.82 0.94
Jun-08 174 25.8 8.53 101.95 101.95 72.05 46.83 11.73 | 58.56 1.97

Jul-08 815 25.1 8.78 103.26 81.50 0.00 0.00 12.12 | 12.12 0.39
Aug-08 154.4 24.9 8.66 101.37 101.37 53.03 34.47 12.12 | 46.59 1.51
Sep-08 | 219.5 255 8.25 97.93 97.93 121.57 79.02 11.73 | 90.75 3.05
Oct-08 188.7 25.95 8.37 100.39 100.39 88.31 57.40 12.12 | 69.53 2.26
Nov-08 40.1 26.4 7.98 96.69 40.10 0.00 0.00 11.73 | 11.73 0.39
Dec-08 39.3 25.9 8.18 97.99 39.30 0.00 0.00 12.12 | 12.12 0.39
Jan-09 0 28.3 8.21 103.76 0.00 0.00 0.00 12.12 | 12.12 0.39
Feb-09 53.8 26.45 /51 91.10 53.80 0.00 0.00 10.95 | 10.95 0.39
Mar-09 161.3 27.3 8.45 104.47 104.47 56.83 36.94 12.12 | 49.06 1.59
Apr-09 154.3 26.75 8.34 101.86 101.86 52.44 34.09 11.73 | 45.82 1.54
May-09 151.1 26.7 8.74 106.62 106.62 44.48 28.91 12.12 | 41.03 1.33
Jun-09 189.4 25.8 8.53 101.95 101.95 87.45 56.84 11.73 | 68.57 2.30

Jul-09 1721 24.55 8.78 101.93 101.93 70.17 45.61 1212 | 57.73 1.88
Aug-09 8.5 24.5 8.66 100.42 8.50 0.00 0.00 1212 | 12.12 0.39
Sep-09 86.4 25.2 8.25 97.25 86.40 0.00 0.00 11.73 | 11.73 0.39
Oct-09 112.9 25.45 8.37 99.24 99.24 13.66 8.88 12.12 | 21.00 0.68
Nov-09 203 25.7 7.98 95.16 95.16 107.84 70.10 11.73 | 81.83 2.75
Dec-09 14 26.15 8.18 98.56 14.00 0.00 0.00 1212 | 1212 0.39
Jan-10 0 27.1 8.21 101.06 0.00 0.00 0.00 1212 | 12.12 0.39
Feb-10 285 285 7.51 95.32 28.50 0.00 0.00 10.95 | 10.95 0.39
Mar-10 | 115.8 28.15 8.45 106.44 106.44 9.36 6.08 12.12 | 18.21 0.59
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Apr-10 | 203.5 27.75 8.34 104.14 104.14 99.36 64.58 11.73 | 76.31 2.56
May-10 141.7 27.15 8.74 107.70 107.70 34.00 22.10 12.12 | 34.22 111
Jun-10 | 2934 25.8 8.53 101.95 101.95 19145 | 12444 | 11.73 | 136.17 4.57
Jul-10 | 158.8 24.65 8.78 102.17 102.17 56.63 36.81 12.12 | 48.93 1.59
Aug-10 915 24.45 8.66 100.30 91.50 0.00 0.00 1212 | 1212 0.39
Sep-10 | 1514 25 8.25 96.80 96.80 54.60 35.49 11.73 | 47.22 1.59
Oct-10 | 139.2 25.55 8.37 99.47 99.47 39.73 25.83 12.12 | 37.95 1.23
Nov-10 64.9 25.95 7.98 95.71 64.90 0.00 0.00 11.73 | 11.73 0.39
Dec-10 20 26.15 8.18 98.56 20.00 0.00 0.00 1212 | 12.12 0.39
Jan-11 2.6 25.15 8.21 96.67 2.60 0.00 0.00 1212 | 1212 0.39
Feb-11 96 27 7.51 92.23 92.23 3.77 2.45 10.95 | 13.40 0.48
Mar-11 36.6 27.35 8.45 104.59 36.60 0.00 0.00 12.12 | 12.12 0.39
Apr-11 32 27.75 8.34 104:14 32.00 0.00 0.00 11.73 | 11.73 0.39
May-11 148.2 26.85 8.74 106.98 106.98 41.22 26.79 12.12 | 38.92 1.26
Jun-11 | 325.5 255 8.53 101.25 101.25 224.25 | 145.76 11.73 | 157.49 5.29
Jul-11 88.2 24.2 8.78 101.09 88.20 0.00 0.00 12.12 | 12.12 0.39
Aug-11 275 23.9 8.66 99.00 27.50 0.00 0.00 1212 | 1212 0.39
Sep-11 | 2229 24.9 8.25 96.57 96.57 126.33 82.11 11.73 | 93.85 3.15
Oct-11 | 201.6 25.65 8.37 99.70 99.70 101.90 66.24 12.12 | 78.36 2.55
Nov-11 12.4 26.9 7.98 97.79 12.40 0.00 0.00 11.73 | 11.73 0.39
Dec-11 0 25.75 8.18 97.66 0.00 0.00 0.00 12.12 | 12.12 0.39
Jan-12 1 26.1 8.21 98.80 1.00 0.00 0.00 1212 | 1212 0.39
Feb-12 425 28.05 o 94.40 42.50 0.00 0.00 10.95 | 10.95 0.39
Mar-12 80.1 28.2 8.45 106.56 80.10 0.00 0.00 12.12 | 12.12 0.39
Apr-12 96.8 27.45 8.34 103.46 96.80 0.00 0.00 11.73 | 11.73 0.39
May-12 | 320.7 26.5 8.74 106.14 106.14 21456 | 139.46 12.12 | 151.59 4.92
Jun-12 | 256.7 25.7 8.53 101.72 101.72 15498 | 100.74 | 11.73 | 112.47 3.78
Jul-12 89.4 24.6 8.78 102.05 89.40 0.00 0.00 12.12 | 12.12 0.39
Aug-12 7.5 24.35 8.66 100.06 7.50 0.00 0.00 1212 | 1212 0.39
Sep-12 108 25.5 8.25 97.93 993 10.07 6.55 11.73 | 18.28 0.61
Oct-12 232 26.05 8.37 100.62 100.62 131.38 85.40 12.12 | 97.52 3.17
Nov-12 43.9 26.8 7.98 97.57 43.90 0.00 0.00 11.73 | 11.73 0.39
Dec-12 9.4 26.05 8.18 98.33 9.40 0.00 0.00 12.12 | 12.12 0.39
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APPENDIX D. RETScreen Formula costing method Empirical formulas
There are 15 categorized formulae in the RETScreen-Small Hydro Model

Software to estimate the initial cost of a small hydropower project based on the
input data.The items and the corresponding formulae are listed in Table 4.5

according to the

classification of the project.1

(NlI]:.IIEI:IE R) SMALL MINI MICRO
Feasibility
"‘:,Etl_)ldwr 0.03 3 Eq(2 ta 1y 0.031TEq(2 to 15)
1
?;)“E'OP'"E'“ 0.04¥Eq(3 to 14)
(Eg}glneerlng O.BTHD'IE{MWngD'E}0'5:']_0'5 D_{,4E(MWngD.3}ﬂ.54105
Generat d 6 - ry 02
e 0.820° " (MW/H,**)**10°
Kaplan turbine: 0.27n" %) K d“*(1.17 "‘H;'12+2]1D5
Francis turbine: D.i?nD'BEJthdl"ﬁ[[13+{h.DlHEjD'3+3]1[}6
Energy
(Eg;llpl"e"t Propellerturbine: — 0.225n**)Kd**7(1.17H,%*+4)10°

Pelton&Turgo 3.47n" " (MW,/H,**)***10° if (MW,/H;"*)>0.4

turbine:
5.34n" " (MW ,/H. 22 2110° if (MW,/H."*)<0.5

Cross-flow turbine: [Cost of-Pelton&Turgo) / 2

Installation of
Energy
Equipment

(5)

B[0.15Eq(4)]

Access road

(6) B[0.025TA%,°?10°]

Transmission
line B[0.0011DPI.°**Vv10°]

(7)
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Continued (RETScreen, 2004-a)

ITEM
(NUMBER) SMALL MINI MICRO
Substation -
transformer [0.0025n°*°+0.02(n+0.1)](MW/0.95)**v**10°

(8)

Substation -
transformer
installations

(9)

B[0.15Eq(8)]

Civil works 3.54n'c'MBCZF{[MWIIH;'B]I:'M 1.9?rO'”"BC:R[MW}FH;'i]‘J“
(10) *(1+0.0M,)(%+0.0051,/Ms)10° *(1+0.011,)(1+0.00514/H,)10°

Penstock 095, , 0.88
(11) 20n, W

Installation of
Penstock B[5W°*]
(12)

T{:fgia ! 20B[(1.5+0.015:*°)Ql]"* + 100§(1.5+0.0165,")Qal]"’

Tunnel

(14) B[400R,”*44 40006, "] N/A

?'l'g‘):e”a“eo“f' [(0.27510,2%%)+0.1]Eq(2 to 14) (0.187i+0.1)TEq(2 to 14)

INITIAL
COSTS
(FORMULA
METHOD)

1+24+34+44+54+6+74+8+9+10+11+12+13+14+15
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APPENDIX E. Monthly rate of annual sunshine (Northern Hemisphere) (%0)

Morth Jan, | Feb, | Mar. | Apr. | May | Jun. | Jul. | Aug | Sep. | Oct | Mow. | Dec.
Latitude
65 352 | 513 | 796 ]| 997 272 415 (1359 |[11.18 ) 855 ) 653 | 40& | 2.62
G4 3.81 527 | 800 ) 292 N250 363 (1326 (1108 ] 856 | 663 | 432 | 3.02
63 407 | 539 | 804 ] 986 1220 324 1207 1097 ) 856 | 6.73 | 45% | 3.36
62 4.31 549 | 807 | 280 20 P29z (1293 N0ET ] 8255 ] 680 | 470 | 365
61 4.51 558 | 809 | 974 N1.94 266 (1251 |10.77 ] 55 ] 6.88 | 486 | 3.01
60 470 | 567 | 811 ] 969 (11.78 (12471 (1231 |[1068 ) 854 ) 695 | 502 | 414
59 486 | 576 | 813 ] 964 1164 278 (12703 1050 ) 853 ) 7.0 | 597 | 435
58 502 | 584 | 8174 ] 950 1.5 200 (1106 1052 )] 853 ) 706 | 530 | 454
57 A7 | 591 | 815 ] 253 138 1683 (1181 1044 | a52 ) 713 | 542 4T
56 5.31 508 | 17 ) 248 NN1.26 N1.68 (1167 |10.36 | 852 ] 718 | 552 | 487
55 544 | 604 | B8] 944 11115 11.53 [11.54 [10.29 | 851 7.23 | 563 | 502
o4 5.96 | G0 | 19 S=E0M11 040071 B85 a2ge 22 | 850 ) 7.2B| 574 | 5.6
53 568 | 616 | 82010936 OS4011 2651 3001016 | 840 ) 7.32 | 583 | 530
52 5.79 | 622 | 82132 M0Es5H 1104 (TR 18 (1000 ] 848 ) 7.36 | 592 | 542
51 580 | 627 | 823 2928 NOEE A0l 0001005 ]| 847 ) 740 | 600 | 554
50 590 | 632 | 824 ] 924 NOGE NO92 (1000 | 999 ) 846 ) 744 | 608 | 565
48 617 | 641 | 826 ] 917 OS2 072 1081 | 989 ] 845 ) 7.51 | 624 | 585
46 633 | 650 | 828 ] 941 3B 053 (1065 | 979 ) 843 ) 7.58 | 637 | 6.05
44 648 | 657 | 829 ] 505 O2Z5 (1032 (1049 | .71 8.41 764 | 650 | 622
42 6.61 665 | 830 | 289 1013 (024 (1035 | 962 8240 7.70 | 662 | 6.39
40 675 | 672 | 832 ] 893 1OO1 (O0D (1022 | 955 a30) 7.75| 6.73 | 6.54
38 687 | 679 | 833 | 880 LSSk ) 0896 (1011 | 247 ) 837 ) 7.80 | 6.83 | 6.68
36 698 | 6B5 | 835 || 885 | .80v] 982 | 000 | 941 836 785 | 693 | 681
34 70| 681 | 835 8801 9511971 | 88| 934 835 790 | 70z | 6583
3z 220 | 6OT | B36 | AT | 962 | 96D | 977 | 928 ) 834 ) 795 | 711 705
30 T | _To2 || _BT1 9.54 | 049 967 | 9.2 833 799 720 )| 716
28 7.40 | 707 LW EB3T 1867 | 9.46 | 239 |- 958 | 1783z | s02 | 728 | 727
26 749 W 42838 [«864] 937 | 829 | o407 |94 8321 806 | 738 | 737
24 7.58 | 7.16y" 83900 860 | 930 919 |8 40 |-a06 | 8.31 810 | 744 | 747
22 76T | 721 | 8401856 022 | 0471 | 832 901 8301 813 | 7.51 756
20 775 726 841 )] 853 | 9150 002 | 924 | ga95 ) a20)] 817 | 7.5&8 | 765
18 783 731 | B4l | 8500 208 ] BO3 | 816 | 50 ) 220 820 | TEG | 7.74
16 7.91 T35 | E42 1 847 ]| 001 | BBS | OOE | B85 28] 823 | .72 | 783
14 798 | V.39 B4a ] 843 | 294 ) B77 | LS00 | 880 ) 827 )| 827 | 7.7a | 783
12 805 | TAZ |"EB44 ] BAD | BEAV P EGD | BOZ | ET6 ] 826 | 831 | 7B | B
10 2147 AT | B4A5 ] BITB.8%) BEI B.BS | 871 8251 834 | 701 | B9
a 8214751 | 845 ) 6348794 ) B.53 | B.78 |JESE] 825 837 | 7O& | B8
1 828 P55 WE 436831 868} B4 BT | 882 ] 824 ) BAD | BO4 | B26
4 836 WSS B8R ] B2 862 | B3l BG4 | ES8) 823 ) 843 | B1D | B34
2 843 | 763 |~E 400 B25)] 855 | B2 BST ES3 ) 822 ) BAG | B1G | B42
o 850 | 767 | Exg] 823 N340 | B2Z B850 | 849 ) 8 840 | B2Z | B.50
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APPENDIX F. Roughness Coefficients for Different Canals
Canal type Description Roughness
coefficient 'n’

Earthen Clay. with stones and sand. after ageing 0.020

canals T
Gravelly or sandy loam. maintained with 0.030
minimum vegetation '
Lined with coarse stones. maintained with 0.040
minimum vegetation '

Rock canals [Medium coarse rock muck 0.037
Rock muck from careful blasting 0.045
Very coarse ro€lesiniek. large irfie gtilarifies 0.059
Rubble masongywith mad morfar 0.025

Masonry Brickwork, bricks. and/or clinker with well- 0.015
canals pointed cement mortar T
Normal masonry with ement mortar 0.017
Coarse rubble masoury and coarsely hewn 5
. 0.020
stones with cement mortar
Concrate Smooth cement finish
0.010
canals
Comcrete for-which weod formwork was 0.015
used. un-plastered
Tamped concrete with smooth swrface 0.016
Coarse conerete lining 0.018
[rregular concrete surface 0.020
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APPENDIX G. RETScreen modeling of project

Project information

Project name
Project location

Prepared for
Prepared by

Project type

Technology
Grid type

Analysis type

Heating value
reference

Show settings

See project database

Mini Hydro power

Kintampo

Msc Thesis

Charles Ken Adu Boahen

Power

Hydroturbine

Central-grid

Method 1

Higher heating value (HHV)

Site reference conditions

Climate data
location

Show data

Select climate data location

Kintampo

\ |

Technology Hydro turbine
Analysis type 1 | Method 1

11 | Method 2
Resource assessment
Proposed project Run-of-river
Hydrology method User-defined
Gross head m 50.9
Maximum tailwater effect m 0.00
Residual flow m?3/s 0.070
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Percent time firm flow available | % 95.0%
Firm flow m?3/s 0.45
Hydro turbine
Design flow m3/s 0.320 $ 395,000
Type Cross-flow
Turbine efficiency Standard
Number of turbines 1
Manufacturer Canyon Hydro
Model Cross-flow
Efficiency adjustment % 0.0%
Turbine peak efficiency % 0.0%
Flow at peak efficiency m3/s 0.0
Turbine efficiency at design flow | % 79.0%
Number
Flow Turbine of Combined
% m3/s efficiency | turbines | efficiency
0% 5.56 0.00 0 0.00
5% 3.80 0.00 1 0.00
10% 3.10 0.34 1 0.34
15% 2.56 0.52 1 0.52
20% 1.97 0.61 1 0.61
25% 1.69 0.65 i 0.65
30% 1.43 0.68 1 0.68
35% 1.7 0.69 1 0.69
40% 0.86 0.70 1 0.70
45% 0.74 0.71 1 0.71
50% 0.71 0.71 1 0.71
55% 0.69 0.72 1 0.72
60% 0.67 0.73 4 0.73
65% 0.65 0.74 1 0.74
70% 0.63 0.74 1 0.74
75% 0.61 0.75 1 0.75
80% 0.59 0.76 1 0.76
85% 0.56 0.77 1 0.77
90% 0.54 0.77 1 0.77
95% 0.52 0.78 1 0.78
100% 0.50 0.79 1 0.79
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Maximum hydraulic losses % 4.0%

Miscellaneous losses % 2.0%

Generator efficiency % 89.0%

Availability % 95.0%

Summary Firm
Power capacity kw 106 106
Available flow adjustment factor 1.00

Capacity factor % 95.0%

Electricity exported to grid MWh 880

Electricity export rate $S/MWh 100.00

Emission Analysis

GHG

emission

factor GHG
Base case electricity (excl. T&D | emission
system (Baseline) T&D) losses factor

Fuel tCO2/M tCO2/M
Country - region type Wh % Wh
All
Ghana types 0-2¥4 0.275
Electricity exported to T&D
grid MWh 380 losses 3.0%
GHG emission
Base case tCO2 2l 2%
Proposed case tCO2 7.3
Gross annual GHG
emission reduction tCO2 234.9
GHG credits transaction
fee %
IS
Net annual GHG equiva Cars & light
emission reduction tCO2 234.9 lent to 43.0 trucks not used
GHG reduction income
$ICO

GHG reduction credit rate 2 12.00
GHG reduction credit
duration yr 20
GHG reduction credit
escalation rate % 3.0%
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Financial Analysis

Financial parameters

Inflation rate % 9.0%

Project life yr 25

Debt ratio % 70%

Debt interest rate % 20.00%

Debt term yr 15

Initial costs

Power system $ 395,000 100.0%
Other $ 0.0%
Total initial costs $ 395,000 100.0%

Incentives and grants $ 0.0%

Annual costs and debt payments

O&M (savings) costs $ 10,000

Fuel cost - proposed case $ 0

Debt payments - 15 yrs $ 59,138
$

Total annual costs $ 69,138

Annual savings and-.income

Fuel cost - base case $ 0

Electricity export income $ 88,011

GHG reduction income =20 yrs $ 2,819
$

Total annual savings and income $ 90,830

Financial viability

Pre-tax IRR - equity % 43.4%

Pre-tax IRR - assets % 21.3%

Simple payback yr 4.9

Equity payback yr 3.2
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