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Abstract: This research study was conducted to review the environmental and social impact of mini hydropower plants
(run-of-the-river type) by selecting Denawaka Ganga mini hydropower plant, which is located in Ratnapura district, Sri Lanka. Field
visits and discussions among the authors, authorities and the residents were carried out. Then, the environmental and social impacts
were scientifically analysed using regulation degree (RD) and environmental impact value (EIV) scores. It was found out that the
Denawaka Ganga mini hydropower plant has induced some environmental concerns; however, significant positive social impact to the
society. This is in addition to the green energy generation. Therefore, it can be concluded herein that the Denawaka Ganga mini
hydropower is an asset to the country, Sri Lanka.
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1. Introduction renewable energy resources to develop electricity

) [7-10]. Therefore, many countries look for the potential
Hydropower plays an important part of the . .

o T . . . of hydropower by researching new locations to

electricity production in world including Sri Lanka.
o . hydropower development [11-16].
The total hydropower potential in Norway is 159 TWh . . .

. ) Hydropower projects can be classified into several

per year according to the Norwegian Water Resources

and Energy Directorate [1]. Out of this 159 TWh, the

annual generation lies around 120 TWh. On the other

clusters depending on the generated power. There is no
standard or clear cutting rule for the classification [17];
. . however, it is based on the practice. According to
hand, China expected 194 GW from hydropower in - )
Williams and Porter [18], a large hydropower project
produces more than 100 MW. In between 10-100 MW,
1-10 MW, 100 kW-1 MW are called medium, small

and mini, respectively. The classification further goes

2010 to support their fast-growing economy [2]. In
addition, India is none second to any of the countries in
development of hydropower [3]. The usage is popular

among many countries because hydropower brings
) to the smaller levels. In between 5-100 kW are called
many advantages to the economy and the society of the . . .
. . . micro hydropower projects whereas pico hydropower
countries. It is one of the most reliable renewable ] ] o
. . projects if the generated capacity is less than 5 kW [18].
energy sources to develop the electricity to date in the . .
. However, according to Rojanamon et al. [17], small
world [4-6]. In addition, it may be one of the cheapest .
hydropower projects vary from 2.5-25 MW of power

generation. They further stated the most common value
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and medium hydropower projects and now they are
eyeing on the small scale hydropower projects [20-23].
Scotland is one of the countries which targets 100%
power supply from renewable resources by 2020. They
have already established 1.5 GW of hydropower and
still has the potential of another 500 MW. However,
this 500 MW is largely from small and mini
hydropower projects [22].

Sri Lanka benefits around 20% energy demand from
hydropower. The Sri Lankan authorities have
identified the last couple of major and medium
hydropower stations and the government is working
towards them. However, energy authorities look for
mini and micro level hydropower stations heavily due
to several reasons including environmental aspects
[24-26]. Nevertheless, some countries like China and
Brazil are still identifying the locations for massive
hydropower projects due to their energy demand
(examples: Lianghekou Dam 3,000 MW,
Shuangjiangkou Dam = 2,000 MW, Baihetan Dam =
1,000 MW in China and Chacordo Dam = 3,336 MW,
Jatoba Hydroelectric Power Plant = 2,338 MW, Belo
Monte Dam = 11,233 MW in Brazil).

Small and mini hydropower stations have many
advantages as well as some disadvantages against the
massive hydropower stations. Most of the advantages
are along the lines of environmental concerns. Usually,
the small hydropower plants are run-of-the-river type
hydropower stations. Therefore, there is no reservoir to
store the water. Unlike the massive reservoirs,
therefore, the damage to the biodiversity in the natural
environment in run-of-the-river type hydropower
station is minimum [27-28]. Moreover, the emission of
greenhouse gases compared to massive hydropower
plants is very small [29]. In addition, sedimentation is a
significant issue for most of the massive reservoirs [30].
However, run-of-the-river type hydropower stations
reduce that concern by usually having sedimentation
tank [31]. Even though they are not listed here, there
are several disadvantages in small hydropower projects
[32-33].

These advantages and disadvantages are discussed
locally (on the relevant place of construction) before a
hydropower plant is constructed. However, there is
minimum attention to the plants after construction, at
least in the developing world. In Sri Lanka, the same
scenario is practiced. No one really observes
scientifically on the developed run-of-the-river type
hydropower stations as far as they generate power.
However, it is highly important to identify the socio
environmental issues developed due to the construction
of these hydropower stations because they would be the
lessons learnt for the future projects. In addition, the
authorities can improve the situation of the surrounding
if there are any threatened problems due to the
hydropower station. Highlighting this gap in Sri Lanka,
we conducted research to identify the environmental
and social impacts of a run-of-the-river type
hydropower plant (named Denawaka Ganga mini

hydropower station) in Sri Lanka.

2. Regulation Degree (RD) and
Environmental Impact Value (EIV)

There are several techniques to quantify the
environmental damage from a mini hydropower plant.
Regulation degree and environmental impact value are
two different ways of presenting the damage.
Regulation degree is a measurement to calculate the
impact caused by the change of hydrological regime
characteristics which considered an impact to the
surrounding environment in a physical manner [34].
Many researchers have used this to quantify the
environmental damage due to newly developed flow
structures as well as the climate change [35-39]. This
can be presented in Eq. (1):

RD:%xIOO% (1)
flow
where, RD, Vorea and Vo, are regulation degree and
the total water volume that can be stored and annual
flow volume, respectively. Based on this RD value,
the flow regulation’s impact on the stream can be
classified. Table 1 table gives the classifications.
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Table 1 Classification of the environmental impact based
on regulation degree [34].

Status Class Regulation degree
High 1 0

Good 2 09.99

Moderate 3 1,019.99
Unsatisfactory 4 2,049.99

Poor 5 50,100

The total impact caused to the environment can be
calculated using environment impact value (E7V). The
summation of the impact values gives an overview idea
on whether the power plant is a threat or an advantage
to the country. The index was not only used to
hydropower plants but also many other environmental
concerned activities [40-44]. Even though there are
various ways of expressing the index in the literature,

we have used the mathematical explanation as given in
Eq. (2):
EIV =3 (V,xIT,) 2)
i=1
where, V; is the relative change of environmental
quality parameter, W; is the relative importance or

weightage of the parameters and 7 is the total number

of parameters.

3. Study Area

Sri Lanka is blessed with water resources. Even
though the country is divided into three major climatic

0051 2 3 -

zones (wet zone, intermediate zone and dry zone), the
island receives a rainfall of 750-5,000 mm per annum.
There are many mini hydropower (run-of-the-river
type) plants in Sri Lanka. The story of mini
hydropower goes to the British ruling time. Tea
plantations in mountainous regions installed small
hydropower plants to supply the electricity need of the
factory [45]. However, many of them are given up now
as they receive the national grid electricity as the
energy source. Nevertheless, the governments of Sri
Lanka have recently encouraged the private sector to
even build new mini hydropower stations as a solution
to the energy demand in the rapidly developing
country.

Denawaka Ganga mini hydropower station is one of
the run-of-the-river type hydropower stations owned
by the private sector. It is in Ratnapura district.
Ratnapura district is in the wet zone of the country and
receives majority of the rainfall during the south west
monsoon from May to September of the year [46]. In
addition, Rathnapura is treated as a frequently flooding
district of the country due to the intensity rainfall
[47-49]. The Denawaka Ganga hydropower plant
receives runoff water from 172.58 km” catchment.

Fig. 1 shows the catchment area of the Denawaka
Ganga hydropower plant. The catchment area is
basically a natural forest area with few suburbs. Due to
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Fig.1 Denawaka Ganga catchment.
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Fig. 3 Intake weir during a wet day.

Fig. 4 Head raised canal.

the unpopulated catchment area, the water quality has respectively. The head raised canal just above the
ensured a better quality. Figs. 2 and 3 show the intake forebay tank is shown in Fig. 4.

weir during the dry and wet weather periods, The project development was proposed in 2002 with
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a build capacity of 4.9 MW. However, after the
government clearances, the project construction work
started in 2009 with an updated capacity of 7.2 MW.
The total investment was 905 million Rupees (= 8
million US$ in 2009). Since 2013 it started to
strengthen the national electricity grid by supplying
electricity. The power plant consists of four horizontal
Francis hydro turbines which are connected to four
electricity generators.

4. Approach

Several field visits were arranged to the mini
hydropower area and the surroundings during the time
from May 2017 to October 2017. These included
visiting the power plant, water intake weir and the
village around the power plant. We were able to obtain
the technical details of the power plant and the intake
structures from the authorities employed at the power
plant. In addition, we were able to obtain all technical
specifications including the design consideration and
the economics of the power generation. The digital
maps of the area were bought from the survey
department of Sri Lanka. These digital maps were used
to draw the catchment area of Denawaka mini
hydropower plant which was presented in Fig. 1.

The observations drafted from our field trips were
used to calculate the E/V for the Denawaka Ganga mini
hydropower plant. In addition, the National Red List
published by the Central Environmental Authority, Sri
Lanka, was referenced and to find out the available
flora and fauna in the area [50]. The authors do not
have subject specific knowledge to identify the whole
list of flora and fauna; however, they have witnessed
some of these when they are having the field trips.
However, it is highly recommended to conduct a
biodiversity analysis to identify the potential threats of
the mini hydropower station on the flora and fauna.

In addition, we have discussed with the villages on
the pros and cons of the mini hydropower station on
their daily life. A questionnaire was carried out and
identified some important feelings of the surrounding

villages.
5. Results and Discussion

Hydrological regime analysis was carried out with
reference to the variation characteristics given in
Bergkamp et al. [51]. The followings are the findings:

* The average water flow of the mini hydropower
plant is 11 m?/s. This was maintained to a stabilized
value;

* The Denawaka Ganga’s water flow has almost
been fully transmitted to the mini hydro power plant
through the headrace. Hence there is no variation of the
alternation;

* Heavy seasonal rainfalls can be witnessed in the
area as it is in the wet zone of the Sri Lanka;

* The river has shorten flood peaks as well as
shorten low flows;

* Rapid changes in the river can be observed in a
shorter time as the river is prolonged to floods.

Flow magnitude, duration of flow, flow frequency,
flood timing and the rate of change were identified as
the fundamental characteristics influencing the
physical and biological processes in a river [52]. Based
on these fundamental characteristics and our above
stated findings for Denawaka Ganga, Table 2 can be
presented for the flow regime characteristics of the
Denawaka Ganga.

According to Table 2, it can be clearly seen the
hydrological regime characteristics caused due to the
climate conditions. Therefore, a climatological
analysis is recommended to identify the future trends of
the rainfall to the catchment and then, to forecast the
future flow conditions.

The regulation degree was calculated to the mini
hydropower plant. There is no reservoir to the mini
hydropower station and the weir was used to divert the
water to the head raised canal. However, the upstream
of the stream was pounded due to this weir. Therefore,
a small reservoir is automatically created upstream to
the weir. The average flow to the mini hydropower

plant is 11 m’/s. Therefore, V,, (annual flow volume)



Environmental and Social Impacts of Mini-hydropower Plants—A Case Study from Sri Lanka 1135

Table 2 Resulting hydrological regime characteristics.

Flow characteristic Alternation Ecosystem response
Can contribute to failed establishment of riparian species and invasion of exotic
Flow magnitude Stabilized flow species. There will be a dominance of competitive species and loss of poor

competitors.

Flow frequency No variation

No potential damage to the surrounding environment such as soil erosion or
biodiversity threats.

Flood timing flow variables

Loss/change of seasonal |Disturbed life cycles that will lead to reduced growth rate and changed succession
patterns. There will also be a reduced habitat availability.

Shortened low flows

Increases the availability of aquatic habitats.

Flow duration
Shortened flood peaks

Encroachment of land organisms into the riverbed.

Rapid changes in river

Rate of change of flow
stages

Loss of riparian zone and its vegetation. Failed establishment of riparian
organisms because of wash out and stranding of organisms.

is 346 MCM/year (MCM = million cubic meters).
Compared to this Vg, value, the storage above the weir
is negligible. Therefore, the RD value should be less
than 10 and the water system can be classified to Class
1. Therefore, Denawaka Ganga mini hydropower plant
does not cause potential adverse effect to the
environment in the sense of hydrological regime.

However, the sediment flow in original river in the
stretch of intake weir to mini hydropower plant
(roughly 2 km) is significantly blocked due to the head
raised canal. The flow in that stretch is very low and
therefore, the sediment flow is negligible. This makes
adverse environmental effect on the surrounding and
the aquatic life. However, sediment trapped in the
screens of the head raised canal is released back to the
downstream river. This helps to regain the nutrients
flow from upstream to downstream.

Water quality tests were not carried out in this
research. We believed the mini hydropower plant does
not significantly involve in changing the water quality.
This assumption was made as the Denawaka Ganga
mini hydropower station is a non-reservoir type
hydropower plant. Had it been incorporated with a
reservoir, the water quality may be affected due to
hydraulic retention time. However, there may be some
oil and grease contamination due to the operation of
roto-dynamic machines. Therefore, it is advisable to
conduct some water quality analysis for oil and grease
for the water release from the turbines.

However, the environmental impact value (EIV) was
calculated for the Denawaka Ganga mini hydropower

plant. As it was stated earlier, E/V is one of the methods
which can be used to indicate the potential impact
caused to the environment. Table 3 gives the different
weightages used in the three subsections (physical,
biological and social environments). Furthermore, it
shows the calculations for EIV.

Our field visit observations and discussions with the
villages were helped in completing the EIV
calculations. According to the summation of positive
and negative impacts, Denawaka Ganga mini hydro
power plant has reached to a value of -25. Hence by
comparing the weight of positive impacts and the
negative impacts, it can be concluded that there is a
potential threat which can be caused by mini hydro
power plants to the surrounding environment. The EIV
results are presented in Fig. 5 for better understanding
of impact on subsections.

Fig. 5 clearly presents the negative impacts of the
mini hydropower plant for the physical and biological
environment. The adverse impact on biological
environment is quite significant. Therefore, as it was
stated in the earlier section of the paper, a detailed
biodiversity analysis is recommended. However, the
mini hydropower plant has made a positive impact to
the physical environment and social environment.
Re-forestation and recycling of waste to generate
compost were two of the important positive impacts
from the mini hydropower plant.

The positive impacts of social environment were
found from the discussions among the villages.
Construction of several concrete roads (previously
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these roads were either muddy roads without proper halls in the area were few of the other identified
cover), construction of causeway across Denawaka positive social impacts of the Devaka Ganga mini
Ganga, renovation of religious centers and community hydropower project.

Table 3 EIV calculations.

Impact Z W, VW,
Physical environment

Micro-climate and air quality 0 3 0
Change of flow characteristics 1 3 3 (-ve)
Topography and land use 2 2 4 (-ve)
Surface erosion 1 2 2 (-ve)
Disposal of excavated material 1 2 2 (-ve)
Hydrology and sedimentations 0 2 0
Water quality/pollution 0 4 0

Solid waste 0 3 0
Re-forestation 2 3 6 (+ve)
Composting and recycling 2 2 4 (+ve)
Noise and vibration 2 2 4 (-ve)
Biological environment

Loss of forest cover 1 3 3 (-ve)
Increase in felling trees 1 2 2 (-ve)
Exploitation of non-timber forest products 2 2 4 (-ve)
Impact on biodiversity 3 3 9 (-ve)
Impact on rare endangered and threatened species 3 3 9 (-ve)
Impact on fish migration 1 2 2 (-ve)
Effect on riparian habitat 1 2 2 (-ve)
Downstream effect 0 1 0
Social environment

Impacts in agricultural land 0 2 0
Women and child labour 0 2 0
Culture and religion 1 1 1 (-ve)
Public health 1 3 3 (-ve)
Occupational health and safety 0 4 0

Law and order 1 3 3 (-ve)
Impact on local life style 1 1 1 (-ve)
Increase pressure on local services 0 1 0
Increased local employment 3 2 6 (+ve)
Increase in local trade 3 2 6 (+ve)
Improvement in road condition 3 1 3 (+ve)
Rural electrification 4 2 8 (+ve)
Industrialization 2 2 4 (+ve)
Promotion in eco-tourism 1 2 2 (+ve)

Note: +ve: positive; —ve: negative.
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6. Conclusions

A well functioned mini hydropower plant in Sri
Lanka was selected as a case study to present the
potential social and environmental impacts from a
mini hydropower plant. The study shows some critical
concerns on the environment; however, the positive
gain to the society is significant. Therefore, Denawaka
Ganga mini hydropower plant is an asset to the
country. However, it is proposed to conduct future
research to identify the rectification methods to bring
the negative impacts to a much lower level. This
includes conducting a water quality analysis and a
biodiversity analysis. In addition, it is recommended
to use EIV and RD values to assess the other
mini-hydropower plants in the country. Based on the
assessment, authorities can re-think on continuation of
mini-hydropower plants if they score significant
negative EIV scores. At the same time, if the assessed
mini-hydropower plant has positive scores or
insignificant negative values in EIV, they should be
rewarded.
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