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Abstract

This Research is aim to look at the environmental impacts related to Mini hydro
projects in Sri Lanka and to determine the available methodologies for identification
of Major Environmental Impacts and the options to mitigate the impacts or avoid
impacts. It is also tried to look at the monitoring process conducted by project
Monitoring Committee during the implementation of mitigations and the public

participation in the IEE/EIA process.

In this research, twelve mini hydro projects were studies by collecting data from field
studies and IEE reports by focusing Environmental Methodologies used and the
Monitoring Process of the Projects.  The collected data from the twelve Mini Hydro
Power Projects are analyzed and discussed comparatively to standards and guidelines

in Sri Lanka..

The research observed that the exact gap between predicted impact and the
implemented impact is cannot he analysis. In addition, it was ohserved that the IEE
report does ! not mentioned methods of impactvidentification)fihis is a weakness of
submlssmnilEE reportaswellCas! Nerrm ‘of Referente (TORY. TOR should be laid
down the comdition that the héthot o impact identification should be included in the
IEE report. All the projects taken to research have neglected the monitoring process
and which is an important part of IEE and EIA. The Environmental Monitoring
process is not compressive and PP had violated mitigation as well as the conditions
stipulated by the PAA. Hence, Monitoring process must be improved to implement

of Predicted mitigations satisfactorily.

The IEE reports of Sri Lanka are not in unique order, similar to other countries like
India. Sri Lanka must have proper stand guideline to be followed by Mini hydro
Project

As per the studies, the Mini Hydro Projects have to face challenge such as heavy
flood, blasting hazards, Landslides and soil erosion. These challenges can be

overcome by proper planning and management.
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Introduction

Chapter 1- Introduction

1. Introduction

This Research is aimed to look at the environmental impacts related to Mini hydro
projects in Sri Lanka and to determine the available methodologies for identification
of Major Environmental Impacts and the options to mitigate the impacts or avoid
impacts. It tries to look at the monitoring process conducted by project Monitoring
Committee during the implementation of mitigation and the public participation in
the IEE/EIA process. The following chapter will introduce the history of IEE/EIA
process, standard and legality behind the IEE/EIA process in Sri Lanka and other
countries. It also includes the objective of the research and the reason for the

selection of Mini Hydro Projects as the target Development Projects.

1.1 History of EIA /IEE Process in the World

Enviror .e@tézg Jmpact Assessment(EIA) isqa system for identif and introducing
mitigation‘ME&SUres 1o, reveRt and ayoid pacts caused by
the develoj proj ieve sustainable

development.The concept of sustainable development was introduced at the United
Nations Conference on Environment and Development held in Rio de Janeiro, Brazil
in 1992. Principle 4 of the Rio Declaration, stated “In order to achieve sustainable
development, environmental protection shall constitute an integral part of the
development process and cannot be considered in isolation from it.” Principle 17
stated that “Environmental impact assessment, as a national instrument, shall be
undertaken for proposed activities that are likely to have significant adverse impacts
on the environment and are subject to a decision of a competent national authority.”
In other words, integration of environmental consideration into any development
project is required and EIA is the system to achieve this goal. For this reason, EIA

has become increasingly significant in recent years.
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The origin of Environmental Impact Assessment system started with the enactment
of the National Environmental Policy Act (NEPA) in 1969 by the U.S. In 1981, the
US Agency for International Development (USAID) revised the National
Environmental Policy Act (NEPA). By its revision, Environmental impact
assessment (EIA) became a mandate to development assistance project. This was the
first attempt to introduce EIA systems in the field of development assistance.

The objective of environmental impact assessment is to offer information to decision
makers concerning matters that may be brought about as a result of decisions relating
to a new project, program, plan or policy. Environmental impact assessment must
realize decision-making based on the input information including potentially
important factors and it must be beneficial to both the proponent and the people.
Furthermore, environmental impact assessment is a technique that presents in a
systematic manner a technical assessment of impacts on the environment that the

project is likely to cause and explains the significance of predicted impact. As a

result, ly, it makes the
concerr rga.»n. sfagencies 10 assess the potential results of project before a
decisiol is_{‘gsivr’ ject, .developers - and Istrati 2s who have a
responsibility 1mental impact

assessment technique to improve the quality of both the project plan and decision-
making by identifying possible effects in the early stages. The specific objective of

the environmental impact assessment system is as follows:

- To disclose significant environmental effects of proposed projects to
decision-makers and the public.

- To identify ways to avoid or reduce environmental damage.

- To prevent adverse environmental impacts by requiring implementation of
feasible alternatives or mitigation measures.

- To disclose reason of approvals for the projects with significant
environmental impacts to the public.

- To foster interagency co-ordination.

- To enhance public participation. [1]
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1.2 History of EIA /IEE Processing Sri Lanka

The concept of Environmental Impact Assessment was introduced in Sri Lanka in the
early 1980s. The National Environmental Act No. 47 of 1980 was our basic national
charter for protection and Management of the Environment. The National
Environmental (Amendment) Act No. 47 of 1980 was enacted in 1988 in Sri Lanka.
This was immediately followed by the Coast Conservation Act in 1981, which
empowered the Director of Coast Conservation to request Environmental Impact

Assessments for development projects located in the coastal zone of Sri Lanka.

However, until the passage of the amended National Environmental Act No. 57
0f1988 impact assessments were not required for energy developments. However the
Act of 1988 forms the primary basis for the legal and regulatory framework for

energy developments in Sri Lanka today.

Prior to the passage of the amended National Environmental Act, considerable

protests fraim ublic .. focused ngovieramentalc and publ tention on the
Enviror l@l&@i Impact Assessment Iprogesss The: need (10 Rrov legal framework
for Environtie IMipact 1/Assessrtient 1 fessionals were

recognized by the government even beiore the corresponding laws came up to
operation . The amended National Environmental Act of 1988 is supported by a set
of Orders and Regulations published by the Minister of Environment. These Orders
and Regulations interpret the law and set down the requirements for preparing an

environmental assessment that complies with the Act.

The first two Orders and 18 regulations were published by the Minister for
Environment in 1993. One of the Orders designated 14 state agencies as project
approving agencies, and the second Order specified the types of projects that
required either an Initial Environmental Examination or a full Environmental Impact

Assessment.

The first Order which designated, the project approving agencies, was revised in

1995and the agencies were separated up to two categories..
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The prescribed projects that require environmental impact assessment have been
categorized as follows:-.

Projects which are located wholly or partly within the coastal zone.

Projects which are located outside the coastal zone

The Environmental Impact Assessment Process in Sri Lanka requires immediate

coordination between the developer and the Central Environmental Authority.

There are eight basic steps of the EIA process in Sri Lanka which should be observed
the beginning with submittal of preliminary information about the project in(Table
1.1).

The preliminary information is submitted for the project Approving Agency to
determine of whether or not an EIA report is required for the project. For this reason
alone, the project proponent must discuss the project with the Project Approving

Agency in the early stages of planning the project. Generally, the Preliminary

Informe ject, location of
the project, !LQ e’and anv'other infornfation’ reguested by the OjeCt Approving
Agency. hgge/Preliminary, Informafion its ludé maps of rea and general
layout of the oject approving

agency. The Preliminary Information Package would be similar to the information
contained in a pre-feasibility reporting Sri Lanka. The list of issues to be discussed in
the EIA is usually defined by the Project Approving Agency in consultation with the
project proponent. This approach is somewhat different from the approach adopted in
other countries where the Scoping Document forms the basis for the Terms of
Reference (TOR) as other countries the project proponent is solely responsible for
identifying the specific issues that will be addressed.

Generally, the Environmental Clearance for the project will include a number of
conditions that the developer must comply with during the construction and
operation of the project. These will include the mitigation and compensation
measures that are proposed in the EIA, potentially additional measures recommended
by the Central Environment Authority, and monitoring programs to assure
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compliance with the commitments made in the EIA report. Prior to presenting the
EIA in its final form it is often recommended that the project proponent submits a
draft of the EIA to the Authority to gain comments and recommendations for
preparing the final EIA. Generally, the Authority will provide comments on the draft
of the EIA that will enable them to make a final review of the EIA and approve the
EIA. The review process will consist of two basic procedures. The first aspect of the
review will be to ensure that the legal requirements are addressed within the EIA
report. This is to ensure that the EIA is comprehensive and fulfills the requirements
that are identified in the legal framework. The second aspect of the review is relative
to the technical aspects of the EIA. The review will focus on adequate description of
the existing conditions in the proposed project site. This is followed by a review of
the impact assessment of the project and a determination of the significance of the

impacts that are anticipated during the construction and operation of the project.

The review of the impact assessment will concentrate on whether the assessment of

impacts is believable and if there is sufficient support for the analysis of the impacts.

This is 1i:F0 dr by, a-keview Of the-mitigation @nd comper )n measures that
are pro bEﬁ?@O torpotatian dnfichthecdestoi and;operations project. One of
the basic prasmises Torviavialy. o thacliti measures is to
determiiie ii the [prOp0OSEQ iTieaSuies Wil D€ €riecCtlive i imitigatiing the impacts and

what residual impacts will occur. This review will focus on both environmental and
social impacts and the mitigation and compensation plans that will accompany those
effects. The final aspect of the review will focus on the Environmental Management
and Monitoring Plan. This plan is designed to enable implementation of the
mitigation and compensation measures (including any rehabilitation program that is
required) and will identify the organizations that will be responsible for the

implementation.

In addition, the review of the Environmental Management and Monitoring Plan will
evaluate the proposed monitoring programs that are to be designed to determine the
actual effects of the project as well as to evaluate the effectiveness of the proposed

mitigation and compensation measures. Based on the results of the review, the
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Central Environment Authority will recommend either that the EIA be approved or

rejected.

1.3 Major steps in the current EIA Procedure
1.3.1 EIA and IEE Process in Sri Lanka
1.3.1.1 The EIA Process

In the event that an EIA is required, the Project approving Agency in consultation
with CEA is responsible for subjecting the preliminary information to environmental
scoping, in order to set the Terms of Reference (TOR) for the EIA. The TOR is
prepared by a Technical Evaluation Committee (TEC) comprising experts in the
relevant field, appointed by the PAA. In developing the TOR, the regulations provide
for the PAA to consider the views of state agencies and the public. Upon submission
of the EIA by the proponent, the PAA is required to determine whether issues

referred to in the TOR have been addressed and notify the proponent of any

inadeqL
In the eye@Esany ipadequacigs: areddentified,)thepioponent quired to make
necessary amendmentsvand resubmiti thex addition to the

EIA being forwarded to the CEA by the PAA, notice is also placed in the
Government Gazette and in a national newspaper published daily in Sinhala, Tamil
and English languages inviting the public to make written comments, if any, to the
PAA within 30 days from the date of first appearance of the notice. According to the
legislation, public consultation is mandatory is only at this stage of the EIA process.

Informal consultation with NGOs, interested groups and civil society may occur
during early stages of the EIA as determined by the PAA depending on the type of
project and public interest in the project. The notification would specify the times
and places at which the EIA would be available to the public. As a minimum the
report would be available at the CEA, PAA and in a GOSL agency in the locality of
the proposed project. The environmental regulations have provisions for public
hearings on the project although it is not mandatory. The PAA can use its discretion

and hold a public hearing if it would be in the interest of the public. The PAA is
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required to forward all comments, either written or raised during any public hearing,
to the project proponent for review and response within 6 days of completion of the
public comment period. The proponent is required to respond to all such comments
in writing to the PAA.

The TEC appointed by the PAA would then evaluate the EIA and require the project
proponent to respond to any queries raised by the TEC. The TEC would also evaluate
the adequacy of the proponent’s response to any comments raised during the public
comments period. Upon completion of the evaluation of the TEC, the PAA with the
concurrence of the CEA would grant approval for the implementation of the
proposed project subject to specified conditions or refuse approval for
implementation of the project, with reasons for doing so. The notification must be

made within 30 days of the receipt of responses from the proponent.

The PAA is required to specify a period within which the approved project should be
completed. In the event the proponent is unable to complete the project within the
specifie tained from the
PAA. 3 ?gr e At MAR RS A1 fedibigible for forwarding a
report which-€o Of the approved
project, “th It is also the
responsibility of the PAA to publish in the Government Gazette and in one national
newspaper published in Sinhala, Tamil and English languages, granting approval for
the project. It is mandatory that the project proponent informs the PAA of any
alterations to the project as approved and/or the abandonment of the project. The
PAA shall, where necessary, obtain fresh approval in respect of any such alterations
that are intended to be made to the approved project. The PAA in consultations with
the CEA would also determine the scope and the format of the supplemental report

required to be submitted for such alterations.
1.3.1.2 The IEE Process

Upon review of the preliminary information provided by the proponent, if the PAA
determines that the project would have no long-term adverse environmental impacts,

an initial environmental examination (IEE) would be considered adequate. Under
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such circumstances, the proponent will be required to submit a detailed IEE for
review and approval by the PAA. The IEE will identify potential environmental and
social issues and the complexity of possible remedial actions. Upon reviewing the
IEE, if the TEC identifies any substantial environmental issues that may arise as a
result of the proposed project, the proponent will be required to undertake a detailed
EIA. In the event the IEE is considered adequate, then the project proponent is
requested to prepare an Environmental Management Plan (EMP), to address any
potential environmental and social issues as well as incorporate the PAA/CEA’s
approval conditions. The IEE review process is similar to the EIA review process,
except for the level of detail and analysis involved, which is proportionate to the

anticipated environmental and social impacts.

The CEA has developed a custom made IEE questionnaire for mini hydropower
projects. The Environmental Questionnaire for Mini Hydro Projects is more detailed
than the general IEE questionnaire and is designed to capture environmental issues
specific to mini hydro projects. This guestionnaire is used by the CEA/PAA to
determine wiether the.potential praject sesults in lang tery, irreversible or complex
environmerésaﬁand jociat(issues-anthifsso; ibwiarrantsraniEdAs If no EIA is required,
the proponéﬁ"’t',,is regivatl . toOpréparé Can<Environmental Management Plan (EMP)
which coiitaiins reiniedial imeasuies (0 addiess adveise eiviioinimental and social
issues. The IEE is not required by law to be opened for the public for comments and

does not go through the public consultation process required for an EIA.

The CEA review is based on the list of prescribed projects listed under provisions of
Part IV C of the NEA No. 47 of 1980 as stipulated in Gazette (Extra Ordinary) No.
772/22 dated June 24, 1993. All prescribed projects have to be subjected to

environmental assessments, either through IEEs or EIAs.
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1.3.1.3EIA/ IEE Procedural steps
This Process involves six major steps as in the Table 1.1

Table 1.1 EIA/IEE steps

Steps Time allowed for the PAA

1 | Screening (Determining whether an EIA / IEE

is required for a project) 6 days

o | Scoping (Determining the scope of the EIA / 14 days for IEE and 30 days for
IEE study and issuing of Terms of Reference) EIA

No time limit has been given since
3 Preparation of the EIA / IEE report the project proponent is responsible
for this.

Review of the EIA / IEE report
4 | The review involves both public and technical
review

Public review (applicable only for EIAS)
S @ The project proponent needs to respond | 30 working days
tdithe puliliicommerits redeivéd

24 elays fon tEE and 30 days for

NG
6 | %&hnical revieWw EIA

EIA / IEE Decision
7 Granting approval with terms and conditions or
rejection with reasons.

8 | Post approval monitoring
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EIA Procedure accordance with the National Environmental Act of Sri Lanka
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Figure: 1.1 - EIA Procedure accordance with the National Environmental Act of Sri Lanka
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1.3.1.3 General Approaches and Methodologies for Assessment

The general principles that shall be used in evaluating the assessment methodologies

are described below:

1.3.1.3.1 Description of the Environment: The characteristics of the environment
shall be described in a way sufficient for identification and prediction of
environmental impacts. Where necessary, baseline environmental surveys shall be
carried out to determine the existing environmental conditions on the site and in all
environs likely to be affected by the proposed project. The issues described in the
EIA study brief shall be investigated and would typically include existing water and
sediment quality, air quality, the existing noise environment, ecology, the cultural
heritage and the man-made environment. These surveys shall normally include the
site of the project, its access, and any other areas likely to be impacted during
construction and operation (or decommissioning). The type and duration of baseline
surveys shall be such that there will be adequate information taking account of
natural variation to define the existing conditions. This information shall form the
basis for pr'edicting andvevadueting thenapacts Aframiithelpreject so that the study
objectives c&ébe met Where' appropriate; results from past-Studies can be used.

1.3.1.3.2 Impact Prediction: The assessment methodologies proposed shall be
relevant to the issues to be addressed, shall have been used successfully in similar
situations or be demonstrated as acceptable by recognized national/international

organizations, and shall be capable of:

(i) Identifying potential impacts, which may be harmful or beneficial to the

environment;
(i) Identifying receivers, habitats or resources, which are vulnerable to change;
(iii) Defining the project/environment interactions;

(iv) Examining the chain of events or "pathways" linking cause with effect;

11
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(v) Describing and predicting the reasonable case scenario and/or the worst case
scenario, or such scenarios as required in the EIA study brief; and

(vi) Predicting the likely nature, extent and magnitude of the anticipated changes

and effects such that an evaluation, in quantitative terms as far as possible,

1.3.1.3.3 Impact Evaluation:

The methodologies for evaluating the environmental impact shall be capable of
addressing the following issues:
(i) The existing or projected environmental conditions without the project in
place;

(i) The projected environmental conditions with the project in place and the sum
total of the environmental impacts taking into account all relevant existing,

committed and planned projects;

(iii) A differentiation between the environmental impact caused by the project
and that caused by other projects, and to what extent the project aggravates or

improvegtfge existing or projected enviropmental conditions;

(iv) The—environhéntal rmpact “during different phases of construction and

development of the project; and
(v) The evaluation of the seriousness of the residual environmental impacts

1.3.1.3.4 Impact Quantification:

The impact quantification is an important part of an IEE or EIA. Because if, the
impact is below the threshold level in keeping with the guideline then impact
mitigation is not required Therefore, before the impact mitigation quantification is

required to identify the required amount and method of Mitigation.

12
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Dust Emission due Vehicle Movement

E = (0s815) (%) (36356;‘”) """"""""""""""" Eq. (01)

Where E = Dust Emission factor, Ib per vehicle — mile

s- Silt content of road surface material %

S = average Vehicle speed mi/ hr

w = Mean annual number of days with 0.01 in (0.254mm) or more of rain fall
Mass balance Approaches

The law of conservation of matter states that matter is conserved--that is, neither
created nor destroyed. Thus, if we know the amount of material that enters a chain
of processes, and keep an account of all the amounts in different paths, we can
calculate the quantities of materials that are hard to measure. For example, we can
calculate the amount of material entering the atmosphere if we know the amounts
that went in, the transformations, and the waste streams to land and water. This

method is called the Mass or Material Balance technique.

An exampléi%f a proeess-drem Bueryday dife)is sewageiieatment Wastewater is
generated id;ybur homeasvand tisicotieated lvith the sewer system and transported to a
treatment plant. When asked what happens 10 the sewage at the plant, most people
say that the pollutants are removed from the water and the relatively "clean water" is
then discharged to a water body. But what happens to the pollutants that are
removed? In the treatment process, these pollutants are transferred from the water to
the air, and to solid material known as sludge, or bios lids. and, a small amount
remains in the "clean water.” These waste products must be taken care of so that they
do not affect the environment. A mass balance can be used to determine how much

pollutant is in each of its various forms.

_ xcQ _ ¥mMi
anvg— T Qi = T Qi Eq (02)

Where, C,q = Average Concentration of Constituent for combined discharge stream
Ci = Concentration of Constituent in iy, discharge stream

Qi = Flow for the iy, discharge stream

13
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Mi=Mass of Constituent in iy, discharge stream

This mass balance equation can be used to determine

Average downstream concentration

Erosional Impact on water quality during construction or operation.

1.3.1.3.5Impact Mitigation: the methodologies proposed for mitigation shall give

priority to avoidance of impacts. The assessment methods shall be capable of:

(i) Identifying and evaluating mitigation measures in order to avoid reduce or

remedy the impacts;
(i) Assessing the effectiveness of mitigation measures; and

(iii) Defining the residual environmental impacts, which are the net impacts

remaining with the mitigation measures in place.

The assessment methodologies shall allow for the assessment and evaluation of the

cumula y:

S , _ ‘
(@) The (itapacis arisingrfront thecprojett arespredictes) :nd beyond the
boundariessef=the projattbriaverallon§ per

(b) There may be interactions between the environmental impacts of the project,

affecting the sum total of its environmental impacts; or

(c) There may be interactions between the environmental impacts of the project and
the environmental impacts of other developments, resulting in accumulation of

impacts and affecting the sum total of their environmental impacts.

1.4 Background of the Research

This project consists of a case study on selected twelve Mini hydropower plants in
Sri Lanka. From this research, the environmental impacts during pre-construction,
construction and operation stages were identified. The project includes a literature
study on the possible environmental impacts from Mini hydropower, measures that

can be taken to mitigate the impacts, information gathering about the twelve different
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hydropower plants and an analysis part where the information in the literature review
is connected to the situation at the twelve plants. The study has not included any

name of Mini Hydro Power plants and stakeholders.

Infrastructure development such as roads and transmissions lines and the
environmental impact related to it and mini hydropower plants with surrounding

ecosystem have been considered.

1.5 Research needs

The majority of Mini Hydro schemes in Sri Lanka are owned by private sector
investors. As a result the possibility of violate Environmental regulations is high.
According to research and opinion of the people, it has been observed that the IEE
process of the past completed Mini Hydro Projects is not comprehensive and they
violate Environmental regulations. In addition to past report and views expressed by

the people reveal. That there were many protests against the sever negative, social

and environmen tal impact during the construction pre-construction and operation
stages of VIini.| o/Power Projects. (Fewcaf thelprojects areldisted in the research).
e
=)
The IEE pFoEess aof (Minij{bydra+ project ited due to the
following

1. The unforeseen impact is high and predicting them is difficult.

2. The projects are highly impacted with scenic beauty and natural resources

3. The geographical situation is more varying one project to other.

4. There is a wide gap between the IEE guideline and the real construction of
the project.

5. In the case of multiple projects on the same river, The project activity in the
upper part of the stream will directly affect the downstream project.

6. The majority of Developers are private companies and their primary objective
is to earn profit and not to sickly comply with Environmental than amenable
to regulations.

7. There is inadequate monitoring of Project activities because PAA does not

have full time staff, funds and equipment needed for Mini Hydro Projects.
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For the above reasons, it has been decided to find out the efficiency and effectiveness
of environment impact assessment of the Mini Hydro Project in Sri Lanka.
1.6 Research objective
Based on the above needs the objective of the research is to answer the following
questions:-
1. How does a Project proponent identify and predict the impact and to what
extent does the proponent quantify the predicted impact?
2. What are the available methodologies for mitigation of Impact? How can they
be improved
3. To what extent has the Project proponent implemented the EIA-
recommended mitigation measures?
4. How do regulatory bodies ensure implementation of EIA-recommended
mitigation measures?
5. How and to what extent did the public participate in the EIA process?
6. What_vvere the likely downstream impacts of the project and to what extent
did %proponent take them in t0 consideration?
7. Hov_vff_io regulatory bodies monitoy the mitigation actions and the weaknesses
of tHéTMonitoring process?

This research has then proceeded to of activities mentioned below.

A literature survey was conducted through various media such as reference libraries
and e- libraries.

The objective based questionnaire was prepared, finalized, and issued to selected
twelve mini hydro project owners and stakeholders to gather necessary data.

The gathered data was processed and analyzed using analytic methodologies and
interpreted the data for easy identifications.

At finally, according to the results obtained possible suggestions for the

improvement have been discussed and a final consideration has been made.
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Chapter 2- Literature Review

The purpose of this study, theoretical framework and findings on this topic has been

explained further in this chapter.
2.1. Operation of Mini Hydro Projects

Mini Hydropower systems use the energy in flowing water to produce electricity or
mechanical energy. The water flows via channel or penstock to turbine where it
strikes the turbine, causing the shaft of the waterwheel or turbine to rotate. When
generating electricity, the rotating shaft, which is connected to an alternator or
generator, converts the motion of the shaft into electrical energy. This electrical
energy may be used directly, stored in batteries, or inverted to produce utility-quality
electricity.

Mini hydroelectric facility requires that a sizable flow of water and a proper height
of fall of Water called head, are obtained without building elaborate and expensive

facilities. , I\

hydro plants can_be developed at existing dams and have been

_— constructed in connection with
river and lake water-level
control and irrigation schemes.
A Mini hydropower project
contains various components.
The components, as shown in
figure 2.1, start from water
storage and ends in the
transmission. Thus, the major

components of a hydropower

Tailrace

projects can be listed as follows:

Figure 2.1 Components of a Mini Hydropower
Intake Dam (Weir): An impounding structure to store water for creating head

and to assure the controlled and continuous flow.

17



Literature Review

Fore bay tank- It is a pond-like structure at the top of the penstock, which

regulates the fluctuation of water and it forms the connection between the channel

and the penstock

Penstock: A pipe from the fore-bay of the dam till the mouth of the turbine

serving as a water conductor system.

Turbine: The main electrical installation that helps to transform the mechanical

energy of the water into the kinetic energy.

Generator: An electrical installation to transform mechanical energy of the
turbines to electric energy.

Powerhouse: A civil structure used for electro mechanical installations.
Tailrace channel: A pool to release the water back into the flowing water
body.

Transmission mains: Transmission units to supply produced electricity to

the customer

2.2 Benefits of Mini Hydropower

Hydroelectric systems provide the fallowing general benefits:

Hydgﬁglectric energy. is;a continuousdy renewable electrical energy source.
Hyd},‘_otelectric energy;is rar:peHuting - no heat or noxious gases are released.
Hydroelectric energy has no fuel cost and with low operating and
maintenance costs, it is essentially inflation proof.

Hydroelectric stations have a long life and many existing stations have been
in operation for more than 25 years.

Hydropower station efficiencies of over 90% are achieved making it the most
efficient of energy conversion technologies.

Hydropower offers a means of responding within seconds to changes in load

demand.

2.3 Environmental Impacts of Mini Hydropower Projects

A hydropower scheme entails change in use of land and water. Magnitude of such

change depends on the selected site configuration. An illustrative site configuration

is shown below. The environmental impacts of MHPs are positive (favorable) and

negative (undesirable) in nature.
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2.3.1 Positive Impacts of MHPs

Positive environmental impacts of Mini hydropower projects are somehow ignored
as a routine probably due to the fact that these projects are conveniently considered
as demanding an environmental price. It is equally important to highlight and

quantify (to the extent possible)

2.3.2Positive Socio-Economic Impacts

1. Project related infrastructure roads, health facilities, education facilities will
help the local

2. Improvement in living standard of local people

3. Generation of employment opportunities locally. Direct employment during
construction and indirect employment in allied activities

4. Check on migration from villages to towns, thereby checking urban
concentration of population

5. It helps in checking deforestation which is taking place to meet food, fodder

6. J-p?;» hy 3 idoest ot reqauire’ much “exder feal iy d and Operate,

7. In specific cases MHPs are eligible for carbon credits through reduction in

CO;, emission and adding sink for CO; via plantation schemes.

2.3.3Positive Ecological/Environmental Impacts

1. Clean and renewable source of energy. MHPs result in saving of non-renewable

fuel resources such as coal, fossils.

2. It is benign source of power generation, harnessing only gravitational potential of

water to make it yield energy in a continuum

3. Decrease of pollution due to cleaner energy source (hydro replacing diesel

generation, electricity replacing polluting energy sources)
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4. Increased water surface creates habitat for aquatic life in or near the weir ponding
area. Receiving waters create dry mudflats which provide feeding sites for migratory

birds and breeding habitat for resident species.

5. Improved ground water table enhancing greenery all around due to landscaping

and tree planting.

6. Improvement towards vegetation and plantation associated with the project

(compensatory a forestation) and thus providing sink for CO, emission
7. Improved habitat due to build environment.

Fauna — aquatic as well as terrestrial. [2]
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Table 2.1 Negative Impacts of MHPs

Literature Review

No | Activity Adverse Impact Types of Impact (Long Methods of Possible Mitigation
term/ Quantification / methods
shot term /recoverable Quialification
lirrecoverable)
oL Construction of road, 1. Reservoir sedimentation and deterioration | 1. Short term and 1. Water quality analysis | 1. Minimize erosion during

dam, surface power
house and switch yard,

diversion tunnel, channel

of water quality

2. Air and noise pollution and disturbance to

flora and fauna by work force

3. vis" al- Mitr dsion talsed by epnstruetion

activipF s

4. Disturbance of recreational spots (e.g.

waterfalls) and activities

5. Soil erosion due to removal of vegetation

and excavation of construction material

6. Alteration in ground water flow

recoverable Impact

2. Short term and

recoverable Impact

3engidndlShartterm
angd-recoverable and
recoverable. impact

4. Short term recoverable

impact

5. Short term recoverable

Impact

6. Short term recoverable

impact

and Mass balance

equation

2. Emission factor
calculation and noise

level calculation

3.fieldstudy

4. Field study

5.Field study and water
quality analysis and
Mass balance equation
6.Ground water flow
calculation and

Geological study

construction Planting rapid
growing vegetation
surrounding the reservoir
2. Noise and air emission
minimize and sound barrier

for noise.

3. Used the methods of
mimic the natural appearance
of them.

4. Effort should be taken to

minimize the disturbance

5. Minimize erosion during
construction Planting rapid
growing vegetation

6. Minimize the alteration of
ground water flow by

proving water flow path
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without disturbing natural
flow path.

02 | Construction of 1. Damaging flora due to right of way 1.Long term irrecoverable | 1. Field study 1.Compensate damage and
transmission line clearing impact select path along the
2. Endangering the lives of fauna 2. Long term 2. Field study Minimum removal of
irrecoverable Impact vegetation
3. Visual intrusion 3. Long term 3. Field study 2. Precaution has to used
irrecoverable impact minimize endanger of lives
3. Used the methods of
mimic the natural appearance
03 | Stream diversion 1. LagE of?\abitat offisirand otherjaquatic & hgngiterm recoverabte ot 1. Rield:study 1. Environmental Flow must
through channel and floratandfana Impgct be maintained.
conduit 2. Decrease in dilution capacity of stream 2. Long term o .| 2. The action must be taken
2. Water quality analysis
irrecoverable Impact to minimize the
can be used.
3. Depletion in ground water recharge where | 3. Long term recoverable 3 Calculation stream contamination of other
diversion is taken off from effluent stream Impact . substance.
flow discharge.
3. Maintain continuous
environmental flow
4. Loss of waterfalls and other recreational 4. Long-term . 4. Take all necessary actions
4.Field study
activities irrecoverable Impact to minimize the impact
04 | Ponding 1. Flow disruption 1.Long term irrecoverable | 1. Flow calculation 1. Take necessary actions to

impact

minimize the flow disruption

22




Literature Review

2. Channel degradation during generation or
spilling and flushing of silt from dam

3. Trapped nutrients and sediments,
eutrophication

4. Changed water temperature

5. Changes in land uses:

(a) submergence of agricultural and forest
land

(b) submergence of human settlement and
displacement of population

) subnﬂ?rgence ofimadnuméats/sites &f

(d) Ioééﬁwhitevvater recreation

6. Change in aquatic plant life and fish
species

7. High evaporation rate

8. Sedimentation adversely affects fish
spawning areas by burying them

9. Provides increased habitat for mosquitoes
and snails which are vectors of diseases like
malaria, yellow fever, dengue, encephalitis

and schistosomiasis

2.Short term recoverable
impact

3.Short term recoverable
impact

4. short term recoverable

impact

5.Long term recoverable

impact

6. Long term recoverable
Impact
7. Long term recoverable
impact
8 Short term recoverable

impact

9. Short term recoverable

Impact

2. Calculate from stream

flows

3. Water quality analysis

4. Observing the
temperature through

Sensors.

5. Field study

6. Field survey or study

7. Pan evaporation can
be used for evaporation
rate measurement.

8.Calculate from Mass

Balance equation

9. Field study

2. Use a Fore bay tank to
control channel flow.

3. Appropriate water
treatment has to be made.
4. Control water temperature
prevents adverse effect for
aquatic flora & fauna.

5. Compensate for the
damage and appropriate
actions must be taken to
minimized damage.

6. Prevent eutrophication or
water contamination due to
pointed or non point
Pollutant.

7. Prevent increase of
temperature and maintain
lower pond open surface.
8. Minimized the sediment
by using soil-stabilizing
water retaining equations.
9. The water gathering at
river bank without flowing

and waste water
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05

Operation of hydropower
station

1. Increase in pollution concentration in the
downstream due to release of pollutants from
residential areas, hydropower plant

2. Released water containing low dissolved
oxygen

3. Fish mortality from turbine passage

4. Sonic impact: noise level may increase

1.Short term recoverable
Impact

2. Short term recoverable

Impact

3. Short term recoverable

Impact

4. Short term recoverable

{pdct

1.Water quality
Analysis

2. Water quality analysis
or Mass balance

equation.

3. Field study

4. Calculate the Noise

Level or used

Measuring Equipment.

1. Pollutant must be collect
and dump. Pollutant
concentration should be
treated to allowable
concentration before
discharge in to the water.

2. Improve the Oxygen
concentration.

3. Trash rack and fish screen
must be placed at the intake.
4. Appropriate Noise
minimized Process is used
Ex. Sand bag wall, green
belt.
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2.3.5 Provision for Public Participation

Public participation is an important aspect of the EIA process in Sri Lanka. The
provision for public participation is contained in the National Environmental Act
(NEA).

Once an EIA report is submitted the National Environmental Act provides for public
inspection and comment on the EIA report during a mandatory period of 30 days.
EIA reports are available for perusal by the public in Sinhala, Tamil and English.
These reports are usually kept for public inspection in the CEA Headquarter Library,
the relevant Divisional Secretariat Office and Pradeshiya Sabha. Any member of the
public may send their comments to the Central Environmental Authority or the

respective Project Approving Agency, within 30 working days.

The Project Approving Agency (PAA) publishes notices in the National Newspapers
inviting the public to inspect and comment on the EIA report within 30 days. The

notice specifies where and when the EIA report can be inspected. The public have a

right to N . _ \ )ying charges. A
public | I;rgr also be held-at the discrefion of the PAA wi is thought that it
would be iti er public. interest. to 0q so.

The public comments received must be sent to the project proponent for response.
The project proponent must respond to comments by making every effort to improve

the project.

The IEE reports are not required to open for public comments for a mandatory period
of 30 days. However, an IEE report shall be deemed to be a public document and

shall open for inspection by the public.

In addition to the above mandatory requirement, the project proponents are always
advised to have informal dialogues / consultation with the local people during the
IEE/EIA study. The project proponent must ensure that the local people get accurate

information about the project. If the local community is negatively affected by the
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project, it is important that the project proponent consult them and obtain their
support in proposing mitigation measures to minimize the impacts. [2]

2.3.6 Environmental Methodologies
Application of Methodologies in EIA Process

Environmental methodologies can be useful, although not specifically required
throughout the impact assessment process. Table 2.2 identifies five activities and
relevant useful methodologies. It is not necessary to use a methodology entirely in an
impact study; it may be instructive to use portion of several methodologies for
certain requisite activities. In that regard, methodology selection may be considered a

part of an impact study.

Table 2.2 Application of Methodologies in EIA Process

N 1 i L Relative
Pracess’activity ; Methddologies
& ! usefulness
1| Impact identification iviatrices Slmpie High
Stepped Medium
Networks High
Checklists | Simple Medium
Descriptive Medium
2 | Describing affected Matrices Simple Low
environment
Stepped -
Checklists | Simple High
Descriptive -
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3| Impact prediction and Matrices Simple Medium
assessment
Stepped Medium
Networks Medium
Checklists | Descriptive High
Scaling , rating, ranking Low
4| Selection of proposed Matrices Simple Medium
action
Stepped Low
(based on evaluation of
i Checklists | Scaling, rating, ranking Medium
alternatives)
Weighting-scaling, rating, | High
ranking
5| Study  summarization | Matrices Simple High
and communication
1 | Low
) rchackiistacdcsinipld Medium
' | |

2.3.6.1 Checklists — Checklists are standard lists of the types of impacts associated
with a particular type of project. Checklists methods are primarily for organizing
information or ensuring that no potential impact is overlooked. They comprise list
questions on features the project and environments impacts. They are generic in

nature and are used as aids in assessment
Three types

1. Simple: no information needed on magnitude or importance of impacts"

2. Descriptive, require information on magnitude or importance of impacts as well
as indication on prediction methods and indicators.”

3. Questionnaires, this is a questionnaire and Answer based analysis. In these

methods three types of answer of “yes”, “no”, “may be" can be used. 2.3.6.2

27



Literature Review

Matrices - Matrix methods identify interactions between various project actions and

environmental parameters and components. They incorporate a list of project

activities with a checklist of environmental components that might be affected by

these activities. A matrix of potential interactions is produced by combining these

two lists (placing one on the vertical axis and the other on the horizontal axis).

They should preferably cover both the construction and the operation phases of the

project, because sometimes, the former causes greater impacts than the latter.

Table 2.3 Sample Modified Checklist for Small Reservoir Project

g ) £ €
+ | ©| & £ S| 2| % S
i S|le|F|F |2 |2|8|5|€
No. | Environmental Impacts Sl =Sl el 8|S 28| C
5| 2|s|S|z|e|a8|e|e
Sl 3|2k =2
1 | Surface water Hydrology X X X X
2 | Surface water quality X X X | X
3 Soil/er‘gsgon X X X X
4 Geoloéy? X X X X
5 | Climata™ % X x | x
6 | Wildlife Habitat X X X X
7 | Ecology of Fisheries X X X | X
8 | Inundation area X X X
9 | Water Quality and Quantity X X X | X
10 W{iter_supply for downstream « x| x «
irrigation
11 | Human and Animal toxics of water | X X X
12 | Air quality
13 | Reservoirs related recreation X
Visual resources - Natural and
14 X X X X
cultural Features
15 | Visual Resources - Reservoir X X X X
Visual resources - Natural or
16 X X X
cultural landscape
17 | Irrigation district X
18 | Increase of the local revenue X X
19 Employment for Irrigation x x % | x
farmers
Land use development for
20 X X X X

Irrigation
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However, matrices also have their disadvantages: they do not explicitly represent
spatial or temporal considerations, and they do not adequately address synergistic

impacts. Sample Matrix shown in the Table 2.4.

2.3.6.3 Networks — These caused effect flow diagrams which are used to help in
tracing the web relationships that exist between different activities associated with
action and environmental system with which they interact. They are also important in
identifying direct and cumulative impacts. They are more complex and need

expertise for their effective use. A sample Network Analysis shown in Figure 2.2 [3]
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Table 2.4- Environmental Impact Matrix

Literature Review

Environmental Components
Physical Biological Human Environment
- « age (&]
Project Activities E s _ =
(] = o —_ — 8
> § = .g E £ £ & 8
=] 2 @ = Py
St52| £|82| £ g3z | > |Bc| B2 |58 2| £ sl22],
e pPS3| 2|53 |=3| 83 56| 53| L% = S| 8|88 |2
0O pb=2o I | ao|<O | 24 EFT | & | B B = S |laT | &
Pre-Construction
1.0
Phase
Geotechnical
investigation and site N
1.1 | survey
1.2 | Land Acquisition S
20 | Construction Phase
Site Clearing and s, si SN ssi | sSN | PN | PN S B
2.1 | Earthworks ' ' ' ' ' ' '
Establishment of
2.2 | Temporary Building SN SN SN
Transportation of
Materials and S,N S,N S,N
2.3 | Equipment
Storage and Handling
of Construction SSN | SN SN
2.4 | Materials
Construction of . . . . .
2.5 | Access Road S Si S,Si | §8i | SSi S, Si S,B
Construction of .
26 | Sanitary Landfill .St | SN SN S.B
Disposal of
Construction and e S, Sl o eo; Pl
2.7 | Biomass Waste S
()
30 | Construction Phase E"i‘
by ot J-L,
Waste - L, Si Si N N
Transportation
3.1 J2-N
32 | Landfilling Activities | L, Si L, Si Si N
Land Clearing for
Opening
of More Cell in S, Si
Stages to
3.3 | Receive Waste
34 | Leachate Generation Si B Si Si N N
Landfill Gas
3.5 | Generation
4.0 | Post-Closure Phase
Final Covgr and N N N
4.1 | Landscaping
42 | Leachate Generation Si Si
Landfill Gas si
4.3 | Generation
4.4 | Waste Stabilization N
LEGEND: S=ShortTerm, L=LongTerm, P=Permanent, N = Not Significant, B =Beneficial, Si= Significant
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Specific Basic Change in Physical and Biological Probable social, Probable Data needed to
Alternative Resources cover type or chemical effects economic and other importance of evaluate important
Decreased
Decreased > woodland | Decreased hunting | High Example for down
71 wildlife d . stream fisher
woodland and associated USeS . y
(to lake) evaluation
N Decreased timber L
Land Decreased production L oY
Increased Forest Plant
urban/built- communities Change area life
up land » Change non style income level - o
i ater
cotta pointSource | — and econom '9
(cottage) Eutropication [ ] y B
effect Gradual decrease in Dissolve Oxygen
quality of lake Moderate
Decreased Altered water L 5| Temperature
C ctroam tv/no Conditinn —
) reate Zn Volume flow
impoundment »| Water i P e very g u [ caho® uses ai Moderate
== v O AL [ > Fish population
PNt GUdIE NESES—o1HH :'r"f ITCE LIy Fertility indices
ii??‘f"ﬁ“' | :—;— e A ter N High — Land
Bank conditions
land and Cvaporauon Simuiate lake type
stream) and seepades Proliferation of boating associated High Sediments Yield
lake fish recreation uses and > _
Altered water population and economic effects Pollution source
conditions % ;
> assomfited Effect on existing Resources use for
organism septic systems > Moderate aquatic habitat
roads, croplands
Air Changed Increased
Ground water wetland plant Increased water foul
; » and animals
reaime production » Moderate
- - Temporary Temporary
quality ¢ Shortterm attractiveness of
-[3] disturbance of area to recreations

wildlife
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2.3.6.4 Expert Opinion —This one is suitable for IEE/Scoping/TOR report
preparation of sector checklist. In this method subject expert opinion is sought by
small meeting, conference, seminar, several small groups. However there can be
danger in this when excessive consultation is done and some unjustifiable impacts

included in the ToR. This method is simple and required limited resources.

2.3.7 Baseline data collection

The term "baseline™ refers to the collection of background information on the
biophysical, social and economic settings proposed project area. Normally,
information is obtained from secondary sources, or the acquisition of new
information through field samplings, interviews, surveys and consultations with the
public. The task of collecting baseline data starts right from the period of project
inception; however, a majority of this task may be undertaken during scoping and
actual EIA.

2.3.7.1 Baseline data is collected for two main purposes

To provide @ description, of the. current-stafus .and dtends, of environmental factors
(e.g., air pdﬁl}ant coneenirations)| ofcthechast [areasagainstwhich predicted changes
can be compéted and evaluatediniérms 1of significance, and to provide a means of

detecting actual change by monitoring once a project has been initiated

Only baseline data needed to assist prediction of the impacts contained in the ToR

and scoping report should be collected.
2.3.8 Impact analysis and prediction

Predicting the magnitude of a development likely impacts and evaluating their
significance is core of environmental assessment process. Prediction should be based
on the available environmental baseline of the project area. Such predictions are

described in quantitative or qualitative terms
2.3.9 Considerations in impact prediction

2.3.9.1 Magnitude of Impact: This is defined by the severity of each potential

impact and indicates whether the impact is irreversible or, reversible and estimated
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potential rate of recovery. The magnitude of an impact cannot be considered high if a
major adverse impact can be mitigated.

2.3.9.2 Extent of Impact: The spatial extent or the zone of influence of the impact
should always be determined. An impact can be site-specific or limited to the project
area; a locally occurring impact within the locality of the proposed project; a regional
impact that may extend beyond the local area and a national impact affecting
resources on a national scale and sometimes trans-boundary impacts, which might be

international.

2.3.9.3 Duration of Impact:

Environmental impacts have a temporal dimension and needs to be considered in an
EIA. Impacts arising at different phases of the project cycle may need to be
considered. An impact that generally lasts for only three to nine years after project
completion may be classified as short-term. An impact, which continues for 10 to 20
years, may be defined as medium-term, and impacts that last beyond 20 years are
conside

2.394 gﬁ;ﬁ’cj{ dofthd ipact

This refers to t  been predicted,
its significance must be evaluated using an appropriate choice of criteria. The most
important forms of criterion are: Specific legal requirements e.g. national laws,

standards, international agreements and conventions, relevant policies etc.

2.3.9.5 Public views and complaints

Threat to sensitive ecosystems and resources e.g. can lead to extinction of species
and depletion of resources, which can result, into conflicts. Geographical extent of
the impact e.g. has trans- boundary implications. Cost of mitigation, Duration (time
period over which they will occur) Likelihood or probability of occurrence (very
likely, unlikely, etc.), Reversibility of impact (natural recovery or aided by human
intervention), Number (and characteristics) of people likely to be affected and their

locations Cumulative impacts e.g. adding more impacts to existing ones. There is an
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uncertainty in prediction due to lack of accurate data or complex systems.
Precautionary principle is advocated in this scenario.

2.3.10 Impact prediction methodologies

Several techniques can be used in predicting the impacts. The choices should be
appropriate to the circumstances. These can be based on Professional judgment with

adequate reasoning and supporting data. This technique requires
2.3.11 Types of Environment

2.3.11.1Biological Environment

2.3.11.1.1 Aquatic

Aquatic ecosystem to be studied over an area at least between 2km upstream of the
project site and at least 2 km downstream of the project site. The study should

include the following:
(a)
0
(b) Residen species

(©) logy, anatomy,
feeding pattern, breeding pattern etc. Aquatic ecological analysis may be made
following the methods outlined in Wetzeland Likens (1991) and APHA (1998).
Periphyton, phytoplankton, macrobenthosand zooplankton should be studied for
frequency, density, abundance and diversity indices.

2.3.11.1.2Terrestrial

An inventory of flora, listing of rare, endangered, economically important and
medicinal plant species should be prepared and their frequency, abundance and

density should be determined. Quadrate method is generally used for sampling.
2.3.11.1.3Flora

(a) Major forest products and dependability of the local communities on these

such as fuel wood, edible species, construction material etc.
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(b) Forest type
(c) Trees, shrubs, herbs
(d)Rare and endangered species
(e) Endemic species
() Economically important species
2.3.1.1.1.4 Fauna

(a) Aerial distance of National Park/Sanctuary/Biosphere Reserve etc., if any in

the vicinity, from the project site
(b) Rare and endangered species
(c) Endemic species
(d) Species of special interest to local population and tourists
(e) I\/Iig'rf'tory rodte ofdrmals) if'any ! in the project area
-y
2.3.11.230Qigé,c0n0mic Environmment
2.3.11.2.1 Demographic Profile (gender-based details of the population)
(@) Rural/urban
(b) Population density
(c) SC/ST and others
(d) Literacy
(e) Employment and occupation

() Economic status (land holding/house holding)

2.3.9 Stake holders in IEE Process
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Stake holder is any individual, group, agency or organization affected by a project
and/or with concern or interest in a development project and its outcomes, or in
common, resources impacted by a development project. A stakeholder should be

treated as a ‘Partner in Development’ and not as opponent of the project.

2.3.12 Risk Assessment

Construction involves many separate activities that are carried out within the
environmental conditions existing at the site. Environmental conditions will affect
the construction activity, and the construction activity will also affect the
environment. Thus, there are risks in undertaking the work, e.g., construction that is
carried out in the wet season will normally have greater risks attached to it than work
undertaken during the dry season the risk of undertaking any construction activity

needs to be determined before the activity commences.

Risk = likelihood * Consequence

Risk is as@g’s**;ed as: the (Jikelihoed that. the ractivity, will have an effect on the
environmentgs welkas the consequence|af the effect occurring. It is often described
like this: In all construction activities, there will be a range of likelihoods and
consequences that will determine the degree of risk of the activity. Risk is also
dependent on the location where the activity will happen, how the activity’s location
will affect sensitive receptors, and the duration of the activity. Activities of short

duration normally have less risk than longer-duration activities.

The risk assessment process is undertaken with a risk assessment matrix. A number

of stages are required to complete the matrix.

Table 2.5 - Likelihood Scale

likelihood Definition Score

Certain Will occur during the activity at a frequency greater than 5

every week if preventative measures are not taken.

Likely Likely to occur more than once or twice during the 3
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activity, but less than weekly, if preventative measures are

not taken.

Unlikely

May occur once or twice during the activity if preventative

measures are not taken.

Rare

Unlikely to occur during the activity.

Table 2.6 Consequence Scale

Consequence

Definition

Score

Catastrophic

Unprecedented damage or impacts involving the
environment or surrounding communities. For

Example:

e Extreme loss of soil, water resources and water
quality from storm water runoff;

e Extreme pollution of soil and water resources,
including ajoncontamination from hazardous
niaterials;

o YW\Widespreadéffects on ecosystems, with deaths
of fauna/flora;

o Widespread community impacts resulting in
inconvenience, illness, or injury; and

e Loss or destruction of archaeological sites.

The occurrence of any of the above will almost
certainly result in the work being halted and in a

significant fine.

Major

Major damage to the environment or to surrounding

communities. For example:

e Major loss of soil, water resources, and water
quality because of storm water runoff;
e Major pollution of soil and water resources,

including contamination from hazardous
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materials;

e Significant effects on ecosystems, with

isolated deaths of non-vulnerable flora and

fauna
¢ Significant annoyance or nuisance to

communities; and

e Major damage to, or forced displacement of,

archaeological or historical sites.

The occurrence of any of the above may result in work

being halted and in a fine.

Moderate

Limited adverse impacts on the environment or on

surrounding communities. For example:

e Localized, short-term noticeable changes in

storm water quality,

e Short-term minor changes in ecosystems,

e+, SPMe-anneyance o isanceto communities,

and

o visalatethor partigk damage to archaeological

historical sites.

The occurrence of any of the above may result in work

being halted and in a fine.

Minor

No or minimal adverse environmental or social

impacts. For example:

e Localized, short — term noticeable changes in

storm water quality, and water quality remains

within tolerable limits;

o Little noticeable effect on ecosystems;

e No community complaints, or only an isolated

few; and

¢ No or minimal damage to archaeological or

historical sites.
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After the occurrence of any of the above, there would

be no likelihood of work being halted or a fine.

Table 2.7- Risk Score Table

Consequence
Catastrophic Major Moderate Minor

Likelihood Certain 25 15 10 5

Likely 15 9 6 3

Unlikely 10 6 4 2

Rare 5 3 2 1
Risk: High:  15-25
Medium: 6-10
Low: g 1-5

ﬁ'
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Chapter 3.- Methodology

3.0 Procedure

Thesis of the research started with a literature study in order to gain the needed
knowledge about the environmental impacts that can be connected with Mini hydro
powers. The gained information in the literature study has formed a base from which
a model has been created. In the analysis, the model has been compared with the

gathered information about the twelve hydropower plants

The survey samples are chosen from Authorities, stake holders and three key
informants. The key informants were selected from Grama Niladari, Environment
officers of Divisional Secretariat and a resident in the village. This survey is done
using direct face to face interview with the informants and filling the

questionnaire.(Annex-A)

Data Collection

Oral (Face to face interview) Published IEE and other Reports

Key informers Project Developer Authorities

- General Public
- Professionals

- Environmental Specialist

Y

Questionnaire

Figure 3.1- Data structure and
Inputs
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The data was collected from selected twelve Mini Hydro Projects. They were

selected based on the following factors

The data was collected according to the step shown in figure3.1.

District of Location

Project approving Agencies
Geological Location
Capacity of the project

Time consuming for data collection

The selected twelve Mini Hydro Projects were visited and minimized Environmental

and Social negative Impacts and its avoided methodologies were observed they were

compared with the predicted mitigation measures. Further, positive impact improved

methodology was also observed.
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Chapter 4- Observation and Analysis

The observations of the field studies and the data from questionnaires and IEE
reports have been summarized in the table 4.1. The number of the project and the
percentage value of success of impact prediction and implementation are included in

the first column of Table 4.1 &final column of the table 4.2 respectively.

The Percentage of success of each predicted and implemented mitigation actions of
the Projects are included in the Table 4.3. The percentage of success is plotted

against the major impact predicted.
Percentage of Success of Impact Prediction =

[No of Projects predicted the Impact / Total Projects] x 100%
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Table 4.1 — Summary of Questionnaire findings

Observation and Analysis
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01 Matale DS 6.00 12 Y Y 500 | 20 2 2 50 62 1 1 1 4000 0 - 10.07.05 1 5 08 | N Change no construction
Palapathwela PS of turbine
02 AmbangangaKora | 4.55 7 Y Y 500 | 5 2 10 40 62 1 1 3 3900 1 - 13.07.10 1 4 08 | N Change no
le DS of turbine
Aluthwela GN
03 Rathnapura DS 2.00 180 | Y Y 500 | 4 0 0 0 1.46 04 | - N 600 1 - 03.05.29 1 05 | N Change no
Rathnapura PS of turbine
04 Yatiyanthota DS 3.00 72 Y Y 3 07 | Y Change no construction
{ 1 of turbine
: I T I T T T B L R T
05 Eheliyagoda DS 0.35 36 Y Y I-0 | 0 0 N 51510 16 ™ dufing—|-08.0918 2 08 | N Change no Pre -
Eheliyagoda PS i | i 5 ] of turbine construction
L ANV | 1ICEITOINCL 1 CSES 1 NSSCERAGUOIS
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nthota DS | { 1 [ | of turbine
07 AmbgamuwaKora | 4.85 116 | Y Y 2 06 | N Change no
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08 Kuruwita 6.50 165 | Y Y 500 | 2 1 0 0 6 03 ] - N 18000 0 - 05.02.17 1 2 06 | N Change no construction
of turbine
09 Kuruwita 10.0 450 | Y Y 500 | 2 1 0 0 13 01 |- N 16000 0 - 01.04.19 1 06 | N Change no construction
X2 of turbine
10 Ginigathhena DS 465 | 18 | Y Y 500 | 2 1 0 0 1.79 - - N 3000 0 - 09.02.04 1 2 07 | N Change no
Ambagamuwa PS of turbine
11 Ambagamuwa 3.00 100 | Y Y 500 | 3 1 1 15 1 01 |- N 3000 0 - 03.02.12 1 1 06 | N Change no | construction
DS of turbine
Ambagamuwa PS
12 Rathnapura GS 7.20 36 Y Y 500 | 3 1 0 0 9.18 01 |- N 10000 0 - 04.02.09 1 2 06 | N Change no construction
Rathnapura PS of turbine
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Table 4.1 — Summary of Questionnaire findings

Observation and Analysis
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01 20011 Y 3 Y N 4 12 Y Damage to Pay Y 1 1 3 Donate to 2 2.0 Due to flood | Once per a 16
Properties due to Compensat School/ month
blasting work ion Temple
02 |50 |oO Y 0 Y N 7 10 N N/A N/A Y 1 1 0 Donate to 3 25 No delay Once per a 22
Temple month
03 100 ] 0 Y 0 Y N 3 15 N N/A N/A 1 0 4 N 0 25 No delay Once per a 329 221
two month
04 30 0 Y 2 Y N 4 ine after flash 112
' [ e and flood
o] g Worke 1 joul ] cal
1 | 2nce
05 |3 0 Y 0 Y N 5 YA o areng N | 9 | lay 4 time per 7.1
N/ | [ hddbl } } Wateritank year
|
06 |45 |1 Y 0 Y N 3 N | NIA N 2 L 2lay Once per a
TLT I three month
07 20 1 Y 0 Y N 25 Once per a 26
aliocation month
problem
08 10 | O Y 15 1Y N 20 | 100 | Y Damage to Pay N 5 1 0 N 3 20 No delay Once per
Properties due to Compensat year
blasting work ion minimum
09 10 | O Y 3 Y N 20 | 150 | VY Damage to Pay N 2 1 1 N 3 25 No delay 4 times per
Properties due to Compensat a year
blasting work ion
10 40 0 Y 3 Y N 6 25 Y N/A N/A N 1 0 2 N 2 15 No delay Once per 15.9 4
two month
11 50 0 Y 0 Y N 5 15 Y Erosion and land Pay N 0 0 0 Donate to 3 25 No delay Once per a
slide Compensat rural month
ion committee
12 100 |0 Y 0 Y N 15 Y Transmission line Pay N 1 2 0 Donate to 2 2.0 No delay Once per a 17796 | 4
and inundation Compensat committee month
ion of village
Y-Yes N- No
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Table 4.2 Extracted Predicted and Implemented Environmental Impact mitigations

Observation and Analysis

Predicted Environmental | Quantitatively analysis Implemented Environmental Mitigation Predict
Impact Mitigation done or Not Impact Mitigation by Project | Predicted & ed %
Proponent Implemented
Predicted Environmental Impact Project
Numbers &
Remarks
1 Geological and Geotechnical 72.22
aspects
Impact due to the blasting Blasting Operation Should | | Apply control Blasting Method | 1/2/3/4/5/6 100.00
activities remove
i Si N Qugahiiied ] fLhadel SUIra, -\';) LAl EI’VISIOH /7/8/9/10/11/1
A ! . ot GSMB/PSIDS 2
NeLIgIevant state|aoen¢iEs : i
= T
Geological Change Of the LIAN B'A 3 § IVbUb\JJMI] Mr.lr.ll\.lvul Huo w l_\r.lr.ll\.lvul U VUL LUNNLUIL I from 1/2/4/6/7/8 83.33
be taken from PAA & state ) the PAA & State agencies
agencies Partially Analyzed /9/10/11/12
* not
mentioned in
3/5
Slop stabilities slop stability preventive Partially Analyzed Water retaining structures or 1/2/6/10 33.33
measures has to be taken gabion wall was constructed by .
using boulders. not
mentioned in
others

45



Observation and Analysis

Hydrological Aspects 100.00
90% of dry season flow of the 1/2/3/4/5/6 100.00
) ) ) ) ) river is release through
Impact due to interruption of Environmental & social Partially Analyzed unregulated opening as E flow 1718/9/10/11/1
downstream flow flow should be released but it depends on the PAA 2
requirement.
Impact irrigation water release After valuation of Required water was supply by 1/2/6 100.00
during construction and effect pumping water during
operation compensation has construction period. - Tailrace
A~ Ay ~v +la A A~k s ~Annt~ ~ ~rvin A . * nOt
b i e sation mentioned in
0 affdngenént farl NCOME | thars as Not
& aBove the frrigatiod canna v applicable
RO
S}
Transmission line 87.50
Removal of VVegetation cover Vegetation removal has to Vegetation removed with state | 1/2/6/7/8/9/ 75.00
along the transmission Line be done with consultation agencies concurrence and
of State agencies compensate to the villagers 10711712
Partially Analyzed
* not
mentioned in
3/4/5
Transmission line travel Make agreement with Make agreement with farmer 1/2/3/4/5/6 100

through private Land and paddy

farmer organization and
land owners and

organization and land owners
and compensate to the properties
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Observation and Analysis

fields.

compensate to the damage.

Partially Analyzed

damage.

[7/8/10/11/12

* not
mentioned in 9

Erosion prevention and
surface drainage

53.33

River bank erosion due to earth
cover and boulders removal

Prepare and submit detail
river bank stabilization
Plan.

Soil Erosion due to distur
earth

Not Analyzed

Use Boulder paving along the
erodible area in the river.
Planting trees and construction
of rubble retaining walls.

1/2/31415/6 83.33

18/10/11/12

* not
mentioned in
7/9

inting to
ne other

1/2/3/415/6 83.33

/8/10/11/12
covering practices
* not
mentioned in
719
River scour at the end of Place Energy dissipating Use Boulder paving along the 1/2/4/5 66.67
tailrace due to energy and device and improving of erodible area in the river and
velocity of the outlet waters River Bank stabilization concrete or boulder steps is used /8/10/11/12
Not analyzed to energy dissipating of the * ot
outlet water. mentioned in
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3/6/7 19
Soil conservation during dry Work has to be done during Work has to be done duringdry | 1/2 16.67
periods due to dust formation dry season with using season with using conservation
conservation techniques techniques such as benching
Not Analyzed frerracing * not
mentioned in
others
Disturbance to the river Except key activities others No other activities done with in | 1/2 16.67
sensitive area (sensitive area is | will not be permitted (eg. ) the river sensitive area except .
defined by the state agencies) | Construction of Weir, head | Partially Analyzed key activities. not
& tailrace channels, mentioned in
others
Ecology . TIVCTSITY OT IvIOTatwda, SIT =dIIRd 44.44
. : l; »_.»»
g B
Fish entry in to the water 1 fasii faCK ¢e 1isi1 SCieen [rash rack and fish screen had 1/2/3/4/5/6 83.33
conveyance system should be placed at the been placed at the mouth of
mouth of the intake intake. [718/11/12
Partially Analyzed * not
mentioned in 9
/110
Fish migration up & down Fish ladder has to be Fish ladder has been constructed | 1/2 16.67
stream construct as per the ) as per the PAA requirement.
approved design by the Partially Analyzed
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Observation and Analysis

PAA * others are
not mentioned
Movement of Small terrestrial Build an Over Passes (as Build an Over Passes at 100 m 7/8/10/12 33.33
animals across the head race per the approved size and or closed slap of the open
channel strength) at 100 m of the Not analyzed channel and cover concrete slab
open channel and cover with a grass layer to n_1|m|c the | & Others are
co_ncrete slab (over pas_s) _ naturalness to the habitat not mentioned
with a grass layer to mimic
the naturalness to the
habitat.
Noise pollution 100.00
Noise Impact at Construc dto 1/2/3/4/5/6 Noise
Stage B 5 0f the. Projest (Standard vakes at Impact
Site s - I71819/10/111/ | 4
JeVe ¢ ¢d incSchendter i ¢ b ARy jcepist igtion ot riers 12 Operatio
Lo ' reen n Stage
2 ,{’En\ antal(iINeise
01 19Y0)
Noise Impact at Operation Noise level at the Noise has been controlled to 1/2/3/4/5/6 100.00
Stage Boundaries of the Project standard values at the
site shall confirm to the boundaries by using /172/8/9/10//11/
levels stated in Schedule | Not Analyzed construction of noise barriers

& Il of National
Environmental(Noise
control Regulations No. 01
of 1996)

such as sand bag walls, green
belt etc
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Observation and Analysis

Transport of Equipment and 59.99
materials
Possible mass movement due to | Slop stability should be Slop stabilities monitor by pp 2 not 8.33
fluctuation and loosing of maintained and monitor and maintained mentioned in
earth continuously others
Not Analyzed
Noise and dust formation Minimize disturbance of It was done in a controlled 1/2/3/4/516 91.67
during loading and unloading noise and dust formation manner
/7/8/10/11/12
Not Analyzed
* not
| ‘ mentioned in
! \ 09
(LA | Flacadsamaned T o cao O TS ol it ot o ol
Fine dust blowing from open, “b0ads are covered wihen t [-oBet Wareldoy n 1/2/6/7/8/ 66.67
toped truck Snptrar Rg
S A 10/11/12
Not Analyzed
* not
mentioned in
3/4/5/9
Generation of dust nuisance During dry season it should During dry season it was 1/2/6/8/11/12 | 50.00
during dry season be dampen the exposed dampen the exposed area
area
Not Analyzed * not
mentioned in
others
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Observation and Analysis

Heavy load movement (across | It has to be done with the It has been taken approval from | 1/2/3/5/6 83.33
the bridges and culvert and concurrence of the RDA,PRDA,PS as per the
road as per the limit of weight | RDA,PRDA,PS requirement [7/8/10/11/12
transport approval has to be Not Analyzed
taken)
* not
mentioned in
4/9
Safety 50.00
Safety of road users and Prepare a safety procedure Prepare a safety procedure and 1/2/8/11/12 41.67
adjacent land occupants for road users and adjacent followed.
I"II’\A Nnrr1inante "\V'\A 'FI'\II!\\I\I
Analy * not
mentioned in
t others
Safety of Workers g Rre safety Brof Oiife reand | 1/2/3/7/8/11/1 | 58.33
o | I afety 2
ory
Safety regulation under the Not Analyzed ordinance

factory ordinance

* not
mentioned in
4/5/6/ 9/10
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Observation and Analysis

Disposal of liquid and solid 46.67
waste in to water bodies
Spoil Materials (soil & Rock They must be used for site Those spoil materials used for 1/2/3/4/5/6 75.00
etc) removal during excavation | leveling, and back filling site leveling, back filling,
and surface preparation purposes. Also, The post retaining walls and river 7/11/12
constr'ucted un usable Not Analyzed terracn_1g. The l_)alance materials
materials should be were disposed in to a
disposed with consultation Pradesiyasabha approved dump | * not
with PS site. mentioned in
8/9/10
Transformer Oil Discharge in Preventive action has to be They were collect and pump or | 6/7/11/12 33.33
to water bodies talran dicnncad in tn an gnnrn\/ed
lot!Analvzed * not
mentioned in
2 others
] IL i - e mow W - - -'- - > mw - mm
Sewage or any liquid effl TP I be | ) a bin 6/7/11/12 33.33
discharge from dwelling Jump
camp site. site.
Not Analyzed * not
mentioned in
172131415/
/8/9/106
Solid waste stagnate within the | It must be disposed with They were disposed with 1/2/4/7/11/12 | 50.00
premises consultation with consultation of PS
PradesiyaSabha (PS)
Not Analyzed * not
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Observation and Analysis

mentioned in
others
Sanitation facilities for the It must be provided the Toilet and other sanitation 1/2/4/5/8* not | 41.67
workers sanitation facilities facilities were provided. mentioned in
others
Not Analyzed
10 | Sediment 70.83
Sediment accumulation at the Flushing of sediment Flushing of sediments carried 1/2/5/6 75.00
weir site should be carried out out using a flushing gate at the
weir /7/8/10/11/12
;. * not
| mentioned in
s t 3/4/9
Sediment accumulate in ¢ TFEeol & Aumpnin t&Ps - T A T ind 1/2/5/6 66.67
tank | dump
site 7/8/11/12
Not Analyzed * not
mentioned in
3/4/9/10
11 | Sociological Impacts 71.42
Resettlement of People Families resettle as their Families resettle as their 1/2 100.00
satisfaction satisfaction
Analyzed * not
mentioned in
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Observation and Analysis

others
Flood & land slid effect during | Establish a possible Establish a possible warning 1/2/4/6 66.67
construction and operation warning system for people system and recovery and
and take remedies for Not Analyzed damage compensation program. | /7/8/11/12
minim damages. Damage * ot
recovers by compensation. mentioned in
3/5/9/10
Timely water release for Establish a reliable Establish a reliable 1/2 100.00
irrigation purposes communication system and communication system and
Manual operating water Manual operating water valve
valve operate. Analyzed operate. * Not
applicable for
others
Impact on stream bathing Pto‘l opér-bathing Analyzed Fhe RP-constru ng 1/2/5 25.00
families | facili I ps for
=
* not
mentioned in
others
Impact on Irrigation water Reestablished irrigation Reestablished a new irrigation 1/2/6 100.00
release channel and compensate for channel and compensate for the .
the paddy land owners for paddy land owners for N:)_t ol
disturbance disturbance applicabie
Not Analyzed others
Irrigational out let operational Irrigation outlet is planning Irrigation outlet is constructed to | 1/2 100.00
impact to operate manually. operate manually. .
not
mentioned in
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Observation and Analysis

Not Analyzed others as NA
Donation to development work | 2% of the annual profit Few development work has been | Only 2 8.33
in the village should donate to the village done
for development work. Analyzed
* not
mentioned in
others
12 | Fire safety 91.67
Impact on sudden fire in Firef | Firef 1/2/3/4/5/6 91.67
station |
|l l [ /7/8/10/11/12
pi el |
| * not
3 mentioned in 9
- ;:*’l : - B et ———
13 | Tourism of the area 100.0
Tourism of the area The PP should not be Not Analyzed The weir was constructed Only in 10 100.0
obstructed the visitors by during dry season therefore .
any activities of the no activities obstructed the not_ )
project. visitors. mentioned in
others as not
applicable
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Table 4.3 Monitoring Framework

Observation and Analysis

Impact Monitoring Whether Responsible Persons to Risk Damages
) ) Parameters monitored or not | monitoring Analysis | Observed
Predicted Environmental Impact
EMOP Actual
1 Geological and Geotechnical
aspects
Impact due to the blasting Noise Pollution Project No Few Houses were
activities ) ) ) | Proponent Crack during
Air Pollution FNO Evidence for G§MI§/PS/DHS./M0n|t blasting (E.g.
Projects 01,04,08)
Geological Change of the % J * S Nionitored atThg. | Pa/DIMTOhoHhG. 1] B No
s o Sqaping Stage
AguallC 110ra dna rauria
effected
Slop stabilities Slop stability preventive Projects 3& 5 were Project No Land slide and
measures not monitored by o Proponent destroy of Houses
MC PS/DS/Monitoring
Committee (E.g. Project 11)

2 Hydrological Aspects

56



Impact due to interruption of Environmental & social It is monitored by Project No E-flow values are
down stream flow flow and Water quality Project monitoring o Proponent varying standards
committee few PS/DS/Monitoring of 90% of dry
times ( less than Committee season flow of the
03) except river.
Projects 3 &5
Impact irrigation water release Project No Compensate farmer
during construction and - Location of Irrigation o ] o Proponent for loss of income
operation Channel Effect this impact is PS/DS{Monltormg due to water
_ onl)_/ for the Committee interruption.
-Quantity of Water Projects of 01, 02
Requirement & 06 and the
committee has
t less-tHan'3 Aimes-as
Transmission line WWW.IID.ITOT.ac.IK
Removal of Vegetation cove! 0 of Trees removed It is monitored by PS/DS/Monitoring roject No Projects nos. 01,
along the transmission Line ) ) Project monitoring | Committee Proponent 02,03, 11 &12 had
Soil Erosion committee few been removed more
Damages to Properties times ( less than than 50 trees.
03) except
Slop instability Projects 3 &5 Cgmpensate
Villagers for loss of
properties.
Transmission line travel No of Lands and Faddy PS/DS/Monitoring Project No. Compensate
through private Land and paddy | fields Committee Proponent Villagers and

fields

It is monitored by
Project monitoring

farmer for loss of
income due to loss

Observation and Analysis

57



Observation and Analysis

Soil Erosion
Damages to Properties

Slop instability

committee few
times ( less than
03) except Projects
3&5

of land and fields. .

Erosion prevention and
surface drainage

River bank erosion due to earth | Detail of riverbank PS/DS/Monitoring Project No River widening
cover and boulders remo
{ is-mponitored by Loss of habitat
$ :,Ilb' i A r ¥
&leeosibn with inrthesitey 11 1| comiiteefeve Loss of vegetation,
A Bour .
3 '1 : 1103)
Soil Erosion due to disturbing Soil erosion PS/DS/Monitoring Project No Soli eroded places
earth Committee Proponent
No of Erodible Places It is monitored by Sedimentation in to
Project monitoring the river basin.
committee few
times ( less than
03)
River scour at the end of Energy dissipating device | It is monitored by PS/DS/Monitoring Project No River scours at the
tailrace due to energy and and methods were used. Project monitoring | Committee Proponent end of tailrace.

velocity of the outlet waters

committee few
times (less than
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Observation and Analysis

03).
Soil conservation during dry Dust emissions Dust emission, was | PS/DS/Monitoring Project No The properties in
periods due to dust formation not measured and | Committee Proponent side and out side
monitored properly. covered with dust.
Ecology
Fish entry in to the water Size and standard of It is monitored by DS/PS/Monitoring Project No -
conveyance system Trash rack & fish screen. | Project monitoring | Committee Proponent
committee few
times ( less than
Fish migration up & dow Arstan( nd size of Fi .,-.: It is monitored by _ | It.is.monitored by, | Proj No -
stream L jade Jedd Radmidring | ProjdstrhohitotingO 1] ®
% = nitt Wi
e L tHrmpof lade thRhan
Movement of Small terrestrial No of Over Passes DS/PS/Monitoring Project No Blocking of open
animals across the head race Committee Proponent channel by filling

channel

Standard size and
strength and span of over
pass

Coverage of concrete slab
(over pass)

It is monitored by
Project monitoring
committee few
times ( less than
03)

of soil due to
landslides

Closing of small
terrestrial animal
paths.
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Noise pollution

Noise Impact at Construction Noise levels at the Critical | No evidence for DS/PS/ Monitoring Project No Complain received
and Operation Stage point and the critical noise level Committee Proponent from the Villagers.
boundaries of the site. measurement and
Restricted works during controlling it
nighttime.
Transport of Equipmen
materials
Possible mass movement dus fe k=No of places -~ 1L TG & e 7 BEPSPMANnng- L P No Soil erosion and
fluctuation and loosing ¢ e attantion, on thi slop instability of
earth S Hity-Improving the access roads.
Noise and dust formation Noise level No evidence for DS/PS/ Monitoring Project No Impact for
during loading and unloading o monitoring Committee Proponent movement of
Dust emission animal and the
measurement. human across the
near area and the
properties of
villages at site
boundaries.
Fine dust blowing from open Visual inspection DS/PS/ Monitoring Project No Impact for
movement of
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toped truck adequate No evidence for Committee Proponent animal and the
monitoring properties of
villages at the
access road
boundaries.
Safety
Safety of Workers Safety Plan & Procedure. | There is no any DS/PS/ Monitoring Project No Accident for
] accident is occurred | Committee Proponent workers.
No of accidents any projects. Few
projects have been
monitored by MC
durinog constriiction
(- | lectre [hesee Xl iccortatinns
Disposal of liquid and solid. =
waste in to water bodies s "l %
Spoil Materials (soil & R No Land sliding
etc) removal during excavation Committee Proponent
and surface preparation Methods of re used of It is monitored by
spoil materials Project monitoring
committee few
times ( less than
03)
Transformer Oil Discharge in No of places DS/PS/ Monitoring Project No Water pollution in
to water bodies Committee Proponent down stream
Frequency of discharge.
It is monitored by
Project monitoring
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committee few
times ( less than
03)

10

Sewage or any liquid effluent No of places There is no DS/PS/ Monitoring Project No Water pollution in
discharge from dwelling and ) evidence to be Committee Proponent down stream
camp site. Frequency of discharge | yonitoring such an
Impact.
Solid waste stagnate within the | No of places It is monitored by DS/PS/ Monitoring Project No Water pollution in
premises ) Project monitoring | Committee Proponent down stream
Frequency of discharge committee few
times ( less than
03)
Sanitation facilities for th BN I ropms t I is-poritored by DS/RS/ Njonitoy FC No Water pollution in
workers Proj ONItOrTi P down stream
B-hof Wagh comntitesSev
_FOC.P |
Sediment
Sediment accumulation at the Height of accumulations DS/PS/ Monitoring Project No Blocking of water
weir site Committee Proponent flow.

It is monitored by
Project monitoring
committee few
times (less than 03)
and due to received
few complains.

Observation and Analysis

62



Observation and Analysis

Sediment accumulate in settling | Height of accumulations DS/PS/ Monitoring Project No Blocking of water
tank ] ) Committee Proponent flow.
It is monitored by
Project monitoring
committee few
times (less than 03)
and due to received
few complains.
1/2/6/7/8/11/12
11 Sociological Impacts
Resettlement of People No -
Prajegt moniogmy] 1[I §ommities 10
timesi(léssthan
‘. l" A
S
Flood & land slid effect during | -Warning system for DS/PS/ Monitoring Project No Damage to
construction and operation flood Committee Proponent properties

- Frequency of flooding

It is monitored by
Project monitoring
committee few
times (less than 03)
1/2/4/6

[7/8/11/12




Observation and Analysis

Timely water release for Communication System It is monitored by DS/PS/ Monitoring Project No Water Disturbance
irrigation purposes Frequency of water Project monitoring | Committee Proponent to farmers in time
| committee few
release times (less than 03)
1/2
Impact on stream bathing No of Places It is monitored by DS/PS/ Monitoring Project No Loss of bathing
families The facilities Project monitoring | Committee Proponent place for the
¢ bathing i committee few downstream users.
No of Persons bathing in times (less than 03)
for a place
Donation to development N Eldpments 1 t It igyoniored by LI RSA Gonitofi [3! 24 No -
in the village AR 583 » | "Projec 0!
i/ |(commitiee ten:
Jproje :
iy ES (1ESS. LTt
=
12 | Fire safety
Impact on sudden fire in power | Established fire fighting No evidence for DS/PS/ Monitoring Project No -
station system monitoring Committee Proponent
Guidance for the uses
Condition of Fire Fighting
13 | Tourism of the area
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Tourism of the area

No of Places

Access points

It has monitor
during
construction MC
of project 10.

DS/PS/ Monitoring
Committee

Project
Proponent

No

Loss of income for
the villagers.
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Observation and Analysis

Table 4.4 Summary of Impact mitigation Prediction

Impact Impact predicted
(percentage) %
1 Geological and Geotechnical aspects 72.22
2 Hydrological Aspects 100.00
3 Transmission line 87.50
4 Erosion prevention and surface drainage 53.33
5 Ecology 44.44
6 Noise pollution 100.00
7 Transport of Equipment and materials 7291
8 Safety 50.00
T 5 m@zt iversiteof Moratuwa—Sei Lanka 53
11 ¢ :c!;gi mpacts 71.42
12 Fire safety 91.67
13 Tourism of the area 100.00
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Impact predicted (percentage) %

120
=] =3 =]
=] S =]
i - L]
100 5
o
n o
N
0

70.83
71.42

p 53.33
B0 = 44.44
oo
: 46,67

Figure 4.1 Impact Predicted percentage
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Table 4.5 —Analysis of Environmental Methodologies

Project Checklist Methods Matrices | Network | + Over
2 Method | Methods | Expert layer
g o Opinion | Method
k] s
g g |%
£ & g
n ¥ o
Project 01 - Yes - - Yes -
Project 02 - Yes - - Yes -
Project 03 - Yes - - Yes -
Project 04 - Yes - - Yes -
Project 05 - Yes - - Yes -
Project 06 - Yes - - Yes -
Project 07 - Yes - - Yes -
Project 08 - Yes - - Yes -
Project 09 - Yes - - Yes -
Project 10 - Yes - - Yes -
Project 11 - Yes - - Yes -
Project 12 - Yes - - Yes -
* This refe sthe puestionnaire.is, issuet
+ This is a méthe SumMmonimeéetingland dis and expert
parties.
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Chapter 5 - Discussion

Selected Projects were analyzed separately for their Predicted and implemented
Mitigation and violation to standards and conditions. All the 12 Mini Hydro Projects
had been processed under Initial Environmental Examination by the scoping

committee at the screening stage.

5.1 Selected Case Studies on Predicted Impact mitigation and Implemented

Impact mitigation

In terms of environmental impacts, the cutting or clearing of very steep hills, rock
blasting and soil dumping into paddy lands have created serious soil erosion. The
filling of lands and wetlands without adequate drainage system has posed
environmental threats as this could lead to flooding problems in the future, especially
during the rainy season. Dust pollution has become unbearable in some areas. Rock
blasting and heavy vehicle movement have caused noise pollution, thereby
negatively aff¢ . th he constri ite. Considering
the foll \:"%@éi(ttf mpacts_and. theif Predictedmitigation: meas were considered

as pert *ab!e A.2 tarevaluai W2 Ve g [P

Geological and Geotechnical aspects
Hydrological Aspects

Transmission line

Erosion prevention and surface drainage
Ecology

Noise pollution

Transport of Equipment and materials

Safety

© oo N o g &~ v D E

Disposal of liquid and solid waste in to water bodies

=Y
o

. Sediment

(BN
(BN

. Sociological Impacts

[EY
N

. Fire safety

=Y
w

. Tourism of the area
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5.1.1Geological and Geotechnical aspects
Under this impact, following significant impacts had been considered
5.1.1.1Blasting activities

The explosive materials were purchased under permit of Assistant Explosive
controller of District Secretaries Office. As required this material were stored under
police security .The blasting types and explosive material used also varying with the
scale of Rock blasting are involving. All the 12 projects had identified the blasting
activities as a Predicted Environmental impact and had done controlled blasting for
the given mitigation measures. The Villagers had protested against the blasting
activities of Project no. 01, 04, 08 and 09 on the ground rock blasting had caused
damage to their properties the figure 5.1 shows a crack which had occur on a wall of
house due tq blasting. .The project. proponents had, planned compensation for the
valued dan@m thejproperties. efthe. houses~This, process. had been monitored by
Divisional S&esetary; Rradesiya,sabahajgnd qualified Mining Engineer as per the
explanation of PPs. This impact caused to the properties was predicted by all the

project proponents.

Remedies for the issues

Rock blasting procedure should be standardized and a standard guideline for Rock
blasting should be given. Rock blasting must be given priority because, in
comparison to other hazards. It invites the selection of alternative place for the
project if a protest occurs. It is also suggested that the following pre activities must

be taken in to account in order to minimize the blasting impacts of the project.

Blasting time must be scheduled to prevent any clash with local activities. Warning

signal must be sent prior to the blasting activity for the purpose of safety
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Noise barriers and ground vibration controlling methods must be used to prevent
adverse effect on terrestrial fauna, people and their properties.
To measure the blasting effect initially and after survey the surrounding houses to

find out the visual crack effect.

Umv‘:rsi!

Figure 5.1 - Crack of wall dué to blasting activities.

5.1.1.2 Geological Change of the River

This impact is not a crucial impact for the Mini Hydro Project. The ability of
geological change of the river is less for small capacity Mini hydro Power projects.
But, in the case of river widening or removal of loose soil or rock boulders this is
effective. Therefore, it is required to obtain necessary approval from the state
agencies and PAA prior to the removal of those and widening. This impact has been
pre identified by all the Projects except Project No 03 & 05. (Predicted 83%)

5.1.1.3 Slope stabilities Slope stability is determined by the balance of shear

stress and shear strength. A previously stable slope may be initially affected by

preparatory factors; making the slope conditionally unstable. The method chosen for
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Discussion

improving slope stability depends on many factors, including the type or the
projected type of slope failure, soil characteristics and site constraints. Frequently,
more than one method of mitigation technique is required.

The Villagers have protested against the land sliding and slope failure of Project no.
11 as per the table .4.1 and also according to the table 4.2 projects Nos. 1, 2, 6 & 10
have predicted this as an environmental impact in IEE report. In the mitigation of the
impact the IEE reports identified techniques such as water retaining structures,

gabion wall, grass turfing and tree planting.
Remedies for the issues

The typical techniques of slope instability mitigation can be used for drainage
improvement, earth work and Structural Improvements such as Mechanically
Stabilized Earth (MSE), Retaining walls, Soil nailing, Tie backs, reticulated micro
piles, Piles or drilled shafts It must be selected according to the economy and easy
applicability. The following figure 5.2 and figure 5.3. Shows some improvement of

stability constructed by the two of the projects, but, the figure 5.2 improvement is

|

vV O1 | ratuwa. o

Figure 5.2 - Retaining wall
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Figure 5.3 Grass Turfing

5.1.2 Hydrqlogical Aspects

Impact du :pterru‘pti‘on -Qf'.downst-ream‘ flow<(zfloweand social flow) All the

selected Miri ydro projectsiaraiun. afriver types and, hence the water flow used by
the project is released back (o the river at the tailrace. Thereiore water interruption
occurs in between intake and tailrace. Therefore, eco system in between this area
must retain. The CEA guideline provides this environmental flow should be 90% of
dry season water flow value. But, in this survey it has been found out the E flow
value has been decided without taking the guidelines in to consideration. Even if the
MHPs was implemented before the releasing of the guideline the pp is bounded to
update their design values according to the guidelines. All the Mini hydro projects
have predicted this impact and they have implemented the impact mitigation in
compliance with the IEE reports. Although the impact was mitigated by providing an
e flow, few projects do not operate and maintenance as per the instruction given by
the PAAs. It has been found out one Mini Hydro projects did not take remedial
actions to remove the deposits. As a result the E flow gate was blocked by the

deposited silt and thus the water flow through the opening was blocked.
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Remedial actions suppose

The overall objective of environmental flow recommendations is to ensure that
sufficient water is made available to support the needs of the entire rive rain
ecosystem. It is necessary to assess the most appropriate methods for the
Environmental flow assessments using the most appropriate methods available at the
time. Previously, these assessments focused largely on minimum flow requirements
for in stream fauna (such as fish and invertebrates). However, new methodologies
that incorporate natural variability in stream flow, and the high flow water
requirements of entire riverine ecosystems; this must be surveyed and calculated

during pre-feasibility stage.

5.1.3 Impact of irrigation water release during construction and operation

This Inr \ "his impact does
not inve |’]@a§i other Projects because there s ho irrigational channel located in
the pro ‘t_féfr:;a he predicted mitigatig impl ‘ > three projects.
According o to each farmer

community requirement and Priority has to be given to water supply for the irrigation
purposes and not for the Power generation. Irrigation water requirement should not
be interrupted any stage. But, water flow was interrupted during the construction
period and therefore demand for water for irrigation works was supplied by the
project proponent by pumping or temporary outlet depending on the demand. If the
interruptions to the irrigation water supply occur adequate compensation
arrangement will be provided according to the loss of income and damages. The
project proponents had discussion with the stake holders and farmer organization
initially to find out their requirement for the construction and rehabilitation of the
irrigation cannel. The possible impact on irrigation channel was solved at the initial
stage of the project. As a result there were no protests or appeal about water release
for the irrigation purposes. The implemented mitigation was adequate.
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Remedial measures to reduce impact

The construction activities should be done off seasons in order to minimize the water
release for the irrigation purposes. The selection of Project area outside the
irrigational channel inlet during design stage is best practices in order to avoid

lengthening the project time and the cost of Project.

5.1.4Transmission line

The electricity generated is stepped up to 33 kV and it is connected to nearest grid
substation of Ceylon Electricity Board. The energy travelling along or short distance
before connecting to the Grid substation will greatly depend on the length of the
transmission. The transmission length of selected Projects usually vary from 100 m
to 18000m as shown in the Table 4.1. The average transmission length is 6091m.
This length is long length compare to the other Power Projects. This is caused
adverse impact on vegetation removal in area and energy loss of the Power plant.

Environmental odial dirtpast dueltodiia comstructionlofi trans sion line
)
v

5.1-4.1 -..u\ V72 AL AFIAR AR TATR Y 5T A

This impact was identified all the projects but it was not mentioned as a predicted
impact mitigation in Project Nos.3,4&5. According to the mitigation action, the
removal of the vegetation should be done with concurrence of state agencies and the

villages must be paid compensation for the damage caused.

Remedial action In this method, the PAA should mentioned the proper
compensation standard to follow the Project Proponent to follow the valuation
standards and other required action must be clearly direct by the PAA. The no of
trees removed to install the transmission line, the number of cut down, the types of
trees, the number of trees planted to minimize the damage must be taken in to

consideration in order to decide as the value.
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5.1.4.2 Transmission line travel through private Land and paddy fields

This impact is also same as the removal vegetation long the path of the line.

5.1.5Erosion prevention and surface drainage

Erosion occurs when the top layer of the soil is swept away by natural or man-made
forces, making it extremely difficult to grow any vegetation on the site. Erosion can
turn a once healthy, vibrant land into arid, lifeless terrain and further cause landslides
and earth slip. Erosion happens at construction sites and other areas where the land
has been disturbed. Erosion prevention is the most effective and inexpensive method
for reducing overall environmental impacts associated with construction activities.
Erosion control practices primarily involve preserving the natural vegetation when
possible or stabilizing exposed soils with temporary covers or permanent vegetation
and structural Improvements. In the Mini Hydro Projects erosion is occurred

conside

e 4

oeis, 7T

5.15.1 SFh ARy f EE S CaE L LT R L ral

This mainly occurs due to weak embankment of arriver due to lose soil and boulder
on embankment. This impact was identified all the Projects except Project nos. 7&9.
River bank erosion is usually very high during floods caused by heavy rain.. It can be
avoided or minimized using mitigation actions like placing boulder, gabion filled
with rubble, rubble machinery walls and planting trees. According to the monitoring

committee reports, mitigation measures were not implemented by few of the projects.

5.1.4.2 Soil Erosion due to disturbing earth

The erosion due to disturbing earth was identified as an impact by all the Projects
except Project nos. 7&9. The controls often involve the creation of a physical barrier,
such as vegetation or rock, to absorb some of the energy of the wind or water that
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cause erosion. Constructing channel over the column support can minimize the

excavation or disturbance to the earth.

Remedial action

The projects used Grass turf tree planting, surface covering and other methods of
landscaping to stabilize the slop as the predicted mitigation. Figure 5.4 & 5.7 show
typical soil erosion during the field surveying done by the Projects. The remedial
actions taken for such soil erosion is shown in Figure 5.3. Which also enhances the

scenic beauty of the project.

Figure 5.4 — Disturbed Soil erosion

The impact mitigations were not exactly implemented according to the as the given
instructions given by the PAA. Few complaints had been made to the PAAs and the

monitoring committee had monitored them.
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5.1.5.3River scours at the end of tailrace due to energy and velocity of the outlet

waters

Scouring happens as the results of increase the velocity of the water on a massive
scale. The velocity or energy of the water outlet must be reduced or the bank erodible
area should be hardened to minimize the river scour. If tailrace is constructed
through excavation of hard rock, erosion will not be an impact. If the rock is weak or
weathered, it can be improved by the applying reinforcement with the concrete.

All the projects identified the impact except project nos. 3, 6 & 7.In order to achieve
the predicted mitigation, Boulder paving along the erodible area in the river is
applied and concrete or boulder steps should be used. This would prevent energy

dissipating of the outlet water at the tailrace.
5.1.5.4 Soil conservation during dry periods due to dust formation

This in ation techniques

such as .gny terracing

5.1.5.5 Disturt defined by the
state agencies)

The sensitive area is defined by the PAA and it is about 60 m reservation. The
Project No 01 & 02 predicted the impact and conditions given for predicted
mitigation. According to the these conditions river contraction cannot be constructed
except for key activities (key activities of construction —weir head tailrace channels,

fore bay, Powerhouse etc)

5.1.6 Ecology
Ecology is the scientific study of interactions of organisms with one another and with
the physical and chemical environment. Ecological impact has identified in

categories terrestrial fauna as well as aquatic fauna.
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Predicted Impact mitigation for Aquatic Fauna
5.1.6.1 Fish entry in to the water conveyance system

All the projects except project numbers 09 & 10 identified and predicted the impact
mitigations which is done by placing Trash rack & fish screen at the mouth of the
intake. This had been constructed by all the Mini hydro Projects, although this has
not been mentioned in IEE report as a predicted impact. As per observation at the
site, this fine screen will not prevent small fish going through it.

The common faults which have to be considered during the design stage of the
screens are damaging mesh panels, damaging screen seals, screens that are not fully
seated, screens that have been removed to avoid clogging problems and screens that
are heavily clogged, which lead to velocity hot-spots where fish face the rise of
becoming impinged on the screens. These problems can be overcome with
appropriate design and by good maintenance that is backed up by monitoring and

enforcement. .

5.1.5.2 QSI‘%ﬁflg' tor-4n &L devwnistream

The mitigation of fish migration impact is to make a fish ladder. A fish ladder, also
known as a fish way, provides a detour route for migrating fish past a particular
obstruction on the river. Designs vary depending on the obstruction, river flow, and
species of fish affected, but the general principle is the same for all fish ladders: the
ladder contains a series of ascending pools that are reached by swimming against a
stream of water. Fish leap through the cascade of rushing water, rest in a pool, and
then repeat the process until they are out of the ladder. The survival of many fish

species depends on migrations up and down of the river.
The Project numbers 1 and 2 have identified this impact but it has been implemented

by only project number 02 which constructed a Project Fish ladder in keeping with

the requirement laid down by P.A.A.
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Remedial measures

During field study, It was found out that the designing of the fish ladder must be
improved for the fish ladder must be improved for the fish to survive when they
move through it. It may be suggested them a fish cover over the fish ladder may be
maid for the fish to travel freely without endangering their life., This is a key

requirement for all mini hydro projects to help the migration of aquatic fauna

5.1.7Predicted Impact Mitigation for terrestrial fauna

5.1.7.1Movement of Small terrestrial animals across the head race channel

The headrace cannel water travels very long distances and hence it passes through
small terrestrial animal crossing points. Therefore this impact is effect terrestrial
migration pattern as well as their habitats. The Projects number.7, 8, 10 and 12 have
identified this impact and predicted mitigation has been implemented. The predicted
mitigation measures are to build an over passes forever 100 m for the cleaned and
cover this with a concrete slab and in order to mimic the naturalness to the habitat to
cover the slab: grass-Jayer;

€3
Y

Remedial wigas

It may be suggested that if the open headrace channel travels on concrete columns as
in the figure 5.5, the small terrestrial animal can pass under the channel. Although it
is more costly than other models, it will reduces earth disturbance due to excavation

of the channel and the impact on the movement of terrestrial fauna.
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by all the projects However accordlng 10 the views of the villagers the noise level

control has not been implemented properly in few of the projects.

5.1.8.1 Noise Impact at Operation Stage

Predicted mitigation action was that the noise level at the Boundaries of the Project
site shall confirm to the levels stated in Schedule 1& 11 of National Environmental
(Noise control Regulations No. 01 of 1996).

5.1.8.2 Noise impact at Construction stage

Predicted mitigation action was that the noise level at the Boundaries of the Project
site shall confirm to the levels stated in Schedule Il of National Environmental
(Noise control Regulations No. 01 of 1996
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Implemented impact mitigation was that the noise has been controlled to standard
values at the boundaries by using construction of noise barriers such as sand bag

walls, green belt etc.
Remedial Measures

Position plant and machinery as far away as possible from noise sensitive areas.
Machinery should be suitable for the work to be carried out, properly maintained and
operated.

If the machine is stationary, fit an acoustic enclosure where necessary. Where
possible use mains electricity rather than a generator supply. Switch off all
equipment when not in use.

Try to keep the noisier work for the middle of the day. Quieter work is best kept for
the beginning or end of the day.

5 1 gTr nnnnnn + AfF Crriinmaoant and matarviale

&
This in c‘cq‘fvw dentified’ land bredictedCimpactimitigatioh r the following

different cateqc

5.1.9.1 Possible mass movement due to fluctuation and loosing of earth

The PP provides predicted mitigation as the mitigation slope stability should be
maintained and monitored continuously. The road has been constructed with well
slope stability. The slope stability check continuously prevents any mass movement

of the Project area. Only Project no.02 identified this impact.

5.1.9.2 Noise and dust formation during loading and unloading
Predicted impact has been identified by all the Projects except the Project no 09. All
the impact predicted that the PP should take necessary actions to Minimize

disturbance of noise and dust formation during the construction Periods. In other
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wards the work has to be done in a controlled manner prevent and minimize the

impact.
Remedial Measures suggested

Dust formation can be overcome by

Dampening of material.
Reducing drop heights where possible.

Protecting activities from wind, which can make the problem worse

Noise generation

- Loading and unloading must be done with controlling to minimize noise generation

- Loading and unloading can be carried out in a closed system or with sound barriers.
5.1.9.3 Fine dust blowing from open toped truck

The other Projects except Project nos. 3, 4, 5& 9 identified this impact as a predicted
impact and - IAt giveniicondition othatl e | loads, ‘must_belkcovered while loads
transportmﬁhls rmpact’ was-probably flows ' pajority ‘0f the Projects, but this
impact is nota key impact of the projects.

5.1.9.4 Generation of dust nuisance during dry season

This impact was identified by projects numbers.1, 2, 6, 8,11butothers did not
identified as an impact. It provided mitigation that during dry season exposed area
should be dampening by using water prevents generation of dust nuisance. The
predicted mitigation has been implemented by Projects nos.1, 2, 6, 8 &11.

Remedial measures

The dust nuisance during dry season can be prevented or avoided by providing

proper wind barrier in the area.
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5.1.9.5Heavy load movement (across the bridges and culvert and road as per the
limit of weight transport approval has to be taken)

This is not always an effective impact only a probable impact. This impact was
predicted by all the projects except projects no 4& 9.The predicted mitigation is that
heavy load transportation has to be done under the concurrence of Provincial Road

development Authority, Road development authority and Pradesiya Sabha.

5.1.10 Safety

5.1.10.1 Safety of road users and adjacent land occupants
This impact was predicted by Projects 1, 2, 8, 11& 12 and Predicted mitigation was
to prepare a safety procedure and follow up. (Predicted 42 %)

5.1.10. _

This in VMG edicted by Projects 1,2, 3,7,8;11& 12 and Predicted mitigation
was to 7‘re_r_3:§i'e fety progedure and. foll but I Jly with  Safety
regulati unde re were not herd

any accidents during Project construction and operation. (Predicted 58 %)
5.1.11Disposal of liquid and solid waste in to water bodies

This impact was identified by Projects nos. 1,2,4,5,6,8,10,11 &12. As the mitigation
measures the pp should be prepared for solid and liquid waste management plan and

it must be approved by PAA. The approved plan must be followed by the PP.

5.1.12 Spoil Materials (soil & Rock etc) removal during excavation and surface
preparation

This impact was used as the predicted environmental impact by all the project except
projects no 8,9&10.The predicted mitigation was that the PP must use spoil
materials for site leveling, and back filling purposes. Also, the post constructed un-
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usable materials should be disposed with consultation with PS. The records obtained
show that few projects has violated this impact mitigation as shown in figure 5.6.

F d S \
. 4\
3 TTﬂit raﬁoiﬁ |5 A oo el anl-a

Figure 5. 6 —Spon Roeke'heap linlthé ¥iver bank

5.1.13Transformer Oil Discharge in to water bodies

This impact was identified by projects nos. 6, 7, 11& 12 and implemented mitigation

is that oil must be collected, pumped or disposed in to an approved dump site.
5.1.14 Sewage or any liquid effluent discharge from dwelling and camp site.
This impact was identified by projects nos. 6, 7, 11& 12 and implemented mitigation

is that sewage or liquid be collected in to a bin and dump it in to an approved

dumpsite.
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5.1.15Solid waste stagnate within the premises

The impact was identified by projects nos. 1, 2, 4, 7, 11& 12 and implemented
mitigation is that solid waste must be disposed with consultation with Pradesiya
Sabha (PS).

5.1.16Sanitation facilities for the workers

The impact was identified by projects nos. 1, 2, 4, 5 & 8 and mitigation was that pp
should be providing the proper sanitation facilities. The PPs had provided toilet and

sanitation facilities for the workers

5.1.17Sediment
5.1.17.1 Sediment accumulation at the weir site

A particle can be transported in the discharge both as bed load and as suspended
matter. An exact delimitation is not possible, as the influence in particular the flow
velocity - ggnabe very different’ according to the discharge CHaracter. The particles
that flow through the river, are deposited at the weir due to slowdown of the flow
velocity at the weir. The deposited fine particles must be removed to prevent change
of pond capacity. The impact was identified by projects nos. 1, 2, 5, 6, 7, 8, 10, 11&
12 and the implemented mitigation is the flushing of sediment should be carried out

frequently prevent sludge accumulation .
5.1.17.2 Sediment accumulate in settling tank

The water drawn from the river and fed to the turbine will usually carry a suspension
of small particles. This sediment will be composed of hard abrasive materials such as
sand which can cause extensive damage and rapid wear to turbine runners. To
remove this material the water flow must be slowed down in settling basins so that
the silt particles will settle on the basin floor. The deposit formed is then periodically

flushed away.

86



Discussion

From the size of the smallest particle allowed into the penstock the maximum speed
of the water in the settling basin can be calculated as the slower the water flows the
lower the carrying capacity of the water for particles. The water speed in the settling
basin can be slowed down by increasing the cross section area of the channel. For
each maximum size of the particles the optimum size of the settling tank can be
calculated. The impact was identified by projects nos. 1, 2, 5, 6, 7, 8, 11& 12 and
implemented mitigation is Collected the sediment and dump them PS approved dump

site
5.1.18 Sociological Impacts

5.1.18.1 Resettlement of People

Any person, who as a result of the implementation of the Project, loses the right to
own, use, or otherwise benefit from a built structure, land (residential,
agricultural, pasture or undeveloped/unused land), annual or perennial crops and
trees, or &gy other fiNackor imovealld asset; eitherdmifllhorlin part, permanently or
temporar% ot &l RAPTI@Ed tolmos due totheRiojectIPAP may include:

- Physttally Displacéd-Baoh i~ People subject to physical displacement.
- Economically Displaced People - People subject to economic

displacement.

Physical Displacement
Loss of shelter and assets resulting from the acquisition of land associated with the
project that requires the affected person(s) to move to another location. The
mitigation measures were identified as Compensation or Payment in cash or in kind
at replacement value for an asset or a resource that is acquired or affected by the
Project at the time the assets need to be replaced. The impact was identified by
projects nos. 1&2 and implemented mitigation is compensation or move to
predetermined locations. Other projects do not discuss this impact due to it being

inapplicable to other Projects.
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5.18.2 Flood & land slid effect during construction and operation

Landslides occur when the stability of a slope changes from a stable to an unstable
condition. A change in the stability of a slope can be caused by a number of factors,
acting together or alone .Natural causes of landslides include, groundwater pressure
acting to destabilize the slope, erosion of the toe of a slope by rivers or weakening of
a slope through adding loads to barely stable slope, absence of vertical vegetative

structure, soil nutrients and soil structures.

Landslides are aggravated by human activities which can be deforestation,
cultivation and construction. Main human causes are vibrations from machinery,
blasting, earthwork which alters the shape of a slope, removal of deep rooted

vegetation and construction.

Floodir\n nf tho lanA far Mini Hyvdrn Dawwar hae an aviraman an\lirnnrnental Impact it

destroys forést, |ife habitati agriciNiurahland;;anth scdnioarad
=
The pr( ¥ me*‘ AN maactira HAte- ATt e minlmized by

preventing the adverse impact caused by the above activities and actions be taken to
minimize the damage to the peoples by establishing a possible warning system and
also implement remedies to minimum damages. Damages could be recovered by
paying compensation. This impact is discussed in project ct nos. 1, 2, 4, 6, 7, 8, 11
and 12.

5.1.18.3 Timely water release or irrigation water management

Water management is an important element of irrigated crop production. Efficient
irrigation systems and water management practices can help maintain farm
profitability in an era of limited, higher cost water supplies. Efficient water
management may also reduce the impact of irrigated production on offsite water

quantity and quality. However, measures to increase water-use efficiency may not be
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sufficient to achieve environmental goals in the absence of other adjustments within
the irrigated sector. As often the case, technology is not the whole solution
anywhere, but it is part of the solution almost everywhere. This impact is discussed

in Project n0.01& 02 only.
5.1.18.4 Impact on stream bathing families

The upstream and downstream water quality was not affected by hydropower
generation. Therefore, impact on bathing is occurred between intake and tailrace of
the Power House. This effect can be minimized by selecting a shorter distance
between them as in Project numbers 01 and 02Projects numbers 1,2 and 5which
identified this impacts. The mitigation measures was that the PP provides proper
bathing facilities as per the no of lost places. . The projects numbers. 01 & No.02
implemented mitigation measures by constructing bathing places with cemented
steps for bathing purposes.

As per _ ponent had not

constru J,ga@. number “of“bathing pfaces. This" part has"t missed by the

o/

monitoring ¢efmn
5.1.18.5 Donation to development work in the village

This is a PP proposed impact and this was implemented only by the number 2
Project. But, this is a good proposal to improve the living condition of the villagers

and prevent un-necessary protest against Mini Hydro projects.
5.1.19 Fire safety

The Power House should have proper Fire fighting system to prevent fire impact
which can be due to leakage of current or any other disaster. The PAA has given
impact mitigation to PP It shall provide and maintained fire fighting system to a
proper manner. All the projects predicted this impact and implemented the predicted

mitigation.
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5.2 Observed Issues regarding the construction activities by the Monitoring
committee reports

5.2.1 Project Number 04

Small soil erosion was observed in the area due to an opening on the ground slope
and surface water flow during the rainy days.

The Project had constructed the base wall Retention structure which was for
maintained properly

Cracks were observed nearby houses of villagers and according to NBRO
observation, the project work activity has not been effect for crack

PP had not been taken safety precaution for vertical bank built on earlier created side
of channel and penstock path during construction.

Temporary hut has been constructed at the Power House area

5.2.2 Project Number -07

Few landslides had occurred due to loose soil movement and poor construction
Practices.

Fore bay Ioﬁé}?bn was shifted,from initialed approved point

Heavy floddnﬁéd occurred during operation Phase and it caused damaged to Power

plant with sliding of loose soil surrounding the Power plant.
5.2.3Project Number —-08

Considerable soil erosion was observed in the area.
The Public staged a protest against the PP when a crack occurred on house during
blasting activities.

5.2.4 Project Number — 10

- The excavated soil was heaped on the slope of the earth which could enhance soil

erosion and silt deposit in the riverbed.
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5.2.5 Project Number — 12

Boulders and soil heaped on right hand side of the river bank without considering
mitigation actions.

Two land slid were observed along the channel path after excavation activities

There were cracks in wall and ground floor of two houses due to the blasting
activities.

NBRO recommended the soil nail methods for stabilizing the slope of soil.

There were public complaints against the projects activities.

Electronic Thescs & Dis

A g

" A

=

Figure 5.7 - Ground earth surface disturbance and violation conditions
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5.3 Environmental Monitoring Weakness Identified

It is one of the most important components of IEE /EIA and it will used to ensure
that

Impacts do not exceed the established legal standards

Checking the implementation of Mitigation measures

Providing early warning of potential Environmental damage

5.3.1 Types of Monitoring

5.3.1.1 Baseline Monitoring- A survey has to be conducted before construction
begins and this survey should be conducted on basic environmental parameters in the
area surrounding the proposed project before construction begins. Subsequent
monitoring can assess the changes in those parameters over time, against the
baseline. As per the project Proponent and Project Approving agencies, all the
project has been done prefeasibility studies and baseline monitoring was conducted
by the PP and they have reported the basic environmental parameters. But in the case
someth : ttern have been
obtaine %mmt levarit-autherized institutes

‘K‘w ¥

53.1.2

The physical, biological, socio-economic, and cultural parameters within the project
area must be measured during the period of project construction and operation in
order to detect environmental changes, which may have occurred as a result of
project implementation. This part of monitoring has been done by the Scoping
committee at the scoping process. Impact prediction of this monitoring process is

based on the views and comments of the stakeholder institutions

According to the questionnaire results scoping committee of every project has
conducts at least one field surveying to identify environmental, social & cultural

impacts.
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5.3.1.3 Compliance Monitoring

This is the periodic or continuous recording of specific environmental quality
indicator or pollution levels to ensure project compliance with recommended
protection standards. The main aim of EIA compliance monitoring is to provide the
information required to ensure that project implementation has the least possible
negative environmental impacts, and all possible positive impacts, in the project
affected area. The main aim of EIA compliance monitoring is to provide the
information required to ensure that project implementation has the least possible
negative environmental impacts and all possible positive impacts, in the project
affected area [9]

These types of Monitoring have been done for the air pollution, Water quality and
noise & vibration pollution in the Projects. Water Quality analysis has not been done

any of the projects during three stages of pre-construction, construction & operation

stages. _ ve of the twelve
Projects tygk;gg analysis wHich 15 an Tmportant pheromenon to determine the
damage has noi | lone any projects it is pt je of the village
houses and an ts. Air pollution

analysis is not much effective in the Mini Hydro projects, because all the projects are
done small scale and the using heavy machinery to minimum for the projects none of
the project had done pollution analysis, but they had taken but they had taken

preventive action for the impact.

According to the experienced and literature survey during the research the following

issues arising for ineffective monitoring process of the every project.

1. Lack of fund allocation for the project activities is one of reason. The
schedule monitoring process requires visits many times. The PAA should
arrange meals and accommodation facilities when the monitoring committee
has to travel long distance to visit the project. But there is a limitation on the

administrative charge available to the PAA. If we increased the

93



Conside
monitol
taken t

must be

Discussion

administrative charge it is a burden to the PP. It becomes burden to the PP. It
discourages the PP.

Lack of staff available in the Environment cell of Project Approving agencies
has a tremendous effect for the weakening of Environmental Monitoring

Process.

Lack of capacity building of officers is effective reason for weak monitoring
process.

The monitoring process is not properly scheduled and not allocating time for
monitoring process is weakening few projects,

The appointed monitoring committee members do not have sufficient
background knowledge of the Project, and therefore they are unable to
monitor exactly with the baseline conditions. The committee members cannot

spend lot of time in the monitoring process.

e proposed the
JﬁEeQL ons and guideline has to be'revised. In“addition actions has to be
ppeint g yment Programs

The monitoring committee must be appointed from the people who have lived for a

long pe

riod in the village. Then massage can be sent to the Monitoring Committee of

the PP violates violate regulation mitigation Process. The process at the monitoring is

done by P.P they may be able to identify the issues related any protest, and complaint

against

the PP. But this is a not a practical solution, and we must take necessary

action to prevent social, cultural and Environmental impacts.

5.4 Environmental Impact Identification Methodologies Used and Issues

There are many types of EIA methods. But, only the most suitable methods but only

the most suitable methods for Mini Hydro Projects such as checklist, Matrixes,

Networ

k and expert opinion methods have been discussed. The selected projects
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were categorized according to their impact identification methodologies. This is
shown in table 4.3.

. The impact analyses of twelve projects indicate that the Predicted impact was
missing in some project sand this may have been due to poor usage of EIA the

methodologies,

Several activities are required to conduct an environmental impact study including
identified impact, preparation of description of the affected environmental impact
prediction and assessment and selection of the proposed action from a set of
alternatives being evaluated to meet identified needs. There are eighteen EIA
methods and they have been arranged against seven activities in the Table3.1. The

each of the methods has advantage and limitation.
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Table 5.1 Type of Methods used in EIA activities

Discussion

Define Impact Described Impact Impact Decision | Communication
Issues . Affected e X
_ Scoping) Identification | - o o | Prediction | assessment | Making | of Results
Types of Methods in EIA (
1 | Analogs(Case studies) X X X X
Checklists X % X
2 | (Simple, descriptive, Questionnaire )
Decision focus checklist X X X
3 | (MCDM:MAUM:DA: Scaling: weight)
Expert opinions(professional judgment,
Delphi, adoptive, environment X X X
4 | assessment, simulation, modeling)
Expgrt _Systems(lmpact |dept_|f|cat|on_ % X % N % N
5 | prediction, assessment, decision making
6 | Laboratory testing scale model X X
7 | Literature reviews : X
8 | Matrices (simple, stepped, sgor’%g) % X X X X
9 | Monitoring (baseline ) ' - X X
10 | Monitoring (field studies of‘ahét'ogs) X X
11 | Networks X X X
12 | Overlay mapping(GIS) X X X X
13 | Photographs and Photo montages X X X
14 | Qualitative modeling X X
15 | Quantitative modeling X X
16 | Risk Assessment X X X X X
17 | Scenarios X X
18 | Trend Extrapolation X X

X- Potential for direct usage direct usage of method for listed activity
MCDM - Multi criteria Decision Making MAUM - Multi Distribute utility Measurement
DA.- Decision Analysis GIS - Geographical Information System
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The checklists method lists local environmental factors, which are likely to be affected
where a development is planned. This list can contain broad categories of factors as
flora, fauna, hydrological regimes, surface water bodies and the atmosphere. These
methods can be categorized again as Simple, Questionnaire and quantitative. The typical

checklist developed for mini Hydro Power is shown in table 5.1

Table 5.2 — Sample Checklist for a Mini Hydro Power Projects.

g 8 |8
o < ©
= g | g
= £ S =| S
— — % o
£ | E S| g
o @ el =
+— |— — o o
2 12 /g |2 |3|z2|l2
= s |»n 9 | 2 =
w (@)) = (D)
i o 5] g S| O
No | Environmental Impact a |z ks o S

A Precom‘“sl"&jction Stage

1 | Resetttément of People

2 | loss of bathing places

3 | Removal of vegetation

B | Construction Stage

4 Soil erosion

5 | Land sliding

6 | Water quality

7 | Noise Impact

8 | Vibration Impact

9 | Safety impact
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10 | Solid waste Generation
11 | Sedimentation

12 | Air pollution

13 [ Change in Land Pattern

14 | Liquid waste generation

15 | Removal of vegetation

16 | Human Health

17 | impact on cultural location
18 | Change of drainage Pattern
19 [ impact on aquatic Fauna
20 | Impact on Terrestrial fauna
21 | Impact on Terrestrial flora
22 Infl‘asﬁil:éture de\eloproent
23 [Lostor

24 | Inundation of properties

C | Operation Stage

24 | Inundation properties

25 | Water Eutrification

26 | Fish Migration

27 | Aquatic flora & fauna

28 | Terrestrial Flora & Fauna
29 | Siltation
30 | Air pollution
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31 | Noise pollution

32 | Job opportunity

33 | Recreation and tourism potential

Impact of all the projects were identified by answering questionnaires provided by the
Project Approving Agencies. Hence, in all the project Impact has identified using
questionnaire type checklist methods none of the projects has quantified possible

impacts.

The matrix consists of a horizontal list of development activities displayed against a
vertical list of environmental factors. The matrix is used to identify impacts by
systematically checking each development activity against each environmental
parameter. This types of impact analysis is for detailed impact analysis of project. This
is essentially used for large and complex projects, but it can also be used for Mini Hydro

Project impact?f‘i{jentification. Aldgveloped-matrixisisown befowin table 5.2

The network“é_iﬁélysis is.complicatedand identified impacts inter connections. However,
in practice it can be applied by considering secondary and more impacts of the each

activities.
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Table 5.3 — Sample Matrix for the Mini Hydro Project
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Up stream

Construction of access
roads

Construction
Site

Down stream

Setting up of
construction workers'
camp

Up stream

Construction
Site

Down stream

Handling and storage
of construction
materials

Up stream

Construction
Site

Down stream

Disposal of solid and
liquid wastes

Up stream

Construction
Site

Down stream

00




Discussion

Site clearance of
vegetation and top
soils

Up stream

Construction
Site

Down stream

Clearance of
vegetation for
transmission line

Up stream

Construction
Site

Down stream

Construction of
temporary coffer
dams to divert the
stream for
construction

Up stream

Construction
Site

Down stream

Earth moving and
blasting

Up stream

Construction
Site

Down stream

Quarrying and
transport of rock,
sand and gravel

Up stream

Construction
Site

Down stream
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Concrete work

Up stream

Construction

10 .
Site
Down stream
Up stream
1 Installation of
electrical & Construction
mechanical Site
equipments
Down stream
Up stream
Installation of switch -
L Construction
12 | yard and transmission .
. Site
line
Down stream
Up stream
13 Filling of the ponding Construction
area Site
Down stream
Up stream
14 Operation of Power
Plant Power Plant

Down stream
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6.0 Conclusion and Recommendations

6.1 Conclusion

The research observed that the exact gap between predicted impact and the implemented
impact is cannot be analysis because, the given predicted impact did not apply to the
projects at any time. However it is responsibility of PAA and scoping committee to
predict the exact impact. It was observed that the IEE report does not mentioned
methods of exact identification. This is a weakness of submission IEE report as well as
Term of Reference (TOR). TOR should be laid down the condition that the method of
impact identification should be included in the IEE report. All the projects taken to
research have neglected the monitoring process and which is an important part of IEE

and EIA. The Environmental Monitoring process is not compressive and PP had violated

mltlgatl(\n ac \waoll ac tha ~anAditinne ctintilatad hv the DA A Honep l\/lr)nltorlng process

must be 1oy impleraent 0f Rrédicted mitigatiofs satisfadtor
&
=)
The IEE reéperts of all'the- thvelVal Profects similar to other

countries like india. Sri Lanka must have proper stand guide iine to be followed by Mini
hydro Project

As per the studies, the Mini Hydro Projects have to face challenge such as heavy flood,
blasting hazards, Landslides and soil erosion. These challenges can be overcome by

proper planning and management.
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6.2 Recommendations
As per the results of this research following recommendations were made.

1. Selection of scoping committee members has to be improved because some
stakeholders were missing while selecting Scoping committee members.

2. Monitoring committee must be appointed from stakeholders and subject
experts.

3. The benefits for the villagers have to be satisfactory level in order to prevent
un-necessary delay of projects due to protest by the Villagers.

4. The Project proponent should analyze the environment and social damage
which may cause by the implementation of the Project and they must take

precautions to overcome or minimized.

5. Standard guideline must be prepared to Mini hydro projects and it must be
include conditions and procedure applicable t all part of Sri Lanka.

6. Attga;t_i'on must be paid, mosthy far E flow designing, Blasting process of the
projects, in order to meet the disaster situation blasting procedure and hazard
preventive methods must be laid down. Insurance policy also should be

introduced.
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Introduction

Chapter 1- Introduction

1. Introduction

This Research is aimed to look at the environmental impacts related to Mini hydro
projects in Sri Lanka and to determine the available methodologies for identification
of Major Environmental Impacts and the options to mitigate the impacts or avoid
impacts. It tries to look at the monitoring process conducted by project Monitoring
Committee during the implementation of mitigation and the public participation in
the IEE/EIA process. The following chapter will introduce the history of IEE/EIA
process, standard and legality behind the IEE/EIA process in Sri Lanka and other
countries. It also includes the objective of the research and the reason for the

selection of Mini Hydro Projects as the target Development Projects.

1.1 History of EIA /IEE Process in the World

Enviror .e@tézg Jmpact Assessment(EIA) isqa system for identif and introducing
mitigation‘ME&SUres 1o, reveRt and ayoid pacts caused by
the develoj proj ieve sustainable

development.The concept of sustainable development was introduced at the United
Nations Conference on Environment and Development held in Rio de Janeiro, Brazil
in 1992. Principle 4 of the Rio Declaration, stated “In order to achieve sustainable
development, environmental protection shall constitute an integral part of the
development process and cannot be considered in isolation from it.” Principle 17
stated that “Environmental impact assessment, as a national instrument, shall be
undertaken for proposed activities that are likely to have significant adverse impacts
on the environment and are subject to a decision of a competent national authority.”
In other words, integration of environmental consideration into any development
project is required and EIA is the system to achieve this goal. For this reason, EIA

has become increasingly significant in recent years.
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The origin of Environmental Impact Assessment system started with the enactment
of the National Environmental Policy Act (NEPA) in 1969 by the U.S. In 1981, the
US Agency for International Development (USAID) revised the National
Environmental Policy Act (NEPA). By its revision, Environmental impact
assessment (EIA) became a mandate to development assistance project. This was the
first attempt to introduce EIA systems in the field of development assistance.

The objective of environmental impact assessment is to offer information to decision
makers concerning matters that may be brought about as a result of decisions relating
to a new project, program, plan or policy. Environmental impact assessment must
realize decision-making based on the input information including potentially
important factors and it must be beneficial to both the proponent and the people.
Furthermore, environmental impact assessment is a technique that presents in a
systematic manner a technical assessment of impacts on the environment that the

project is likely to cause and explains the significance of predicted impact. As a

result, ly, it makes the
concerr rga.»n. sfagencies 10 assess the potential results of project before a
decisiol is_{‘gsivr’ ject, .developers - and Istrati 2s who have a
responsibility 1mental impact

assessment technique to improve the quality of both the project plan and decision-
making by identifying possible effects in the early stages. The specific objective of

the environmental impact assessment system is as follows:

- To disclose significant environmental effects of proposed projects to
decision-makers and the public.

- To identify ways to avoid or reduce environmental damage.

- To prevent adverse environmental impacts by requiring implementation of
feasible alternatives or mitigation measures.

- To disclose reason of approvals for the projects with significant
environmental impacts to the public.

- To foster interagency co-ordination.

- To enhance public participation. [1]
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1.2 History of EIA /IEE Processing Sri Lanka

The concept of Environmental Impact Assessment was introduced in Sri Lanka in the
early 1980s. The National Environmental Act No. 47 of 1980 was our basic national
charter for protection and Management of the Environment. The National
Environmental (Amendment) Act No. 47 of 1980 was enacted in 1988 in Sri Lanka.
This was immediately followed by the Coast Conservation Act in 1981, which
empowered the Director of Coast Conservation to request Environmental Impact

Assessments for development projects located in the coastal zone of Sri Lanka.

However, until the passage of the amended National Environmental Act No. 57
0f1988 impact assessments were not required for energy developments. However the
Act of 1988 forms the primary basis for the legal and regulatory framework for

energy developments in Sri Lanka today.

Prior to the passage of the amended National Environmental Act, considerable

protests fraim ublic .. focused ngovieramentalc and publ tention on the
Enviror l@l&@i Impact Assessment Iprogesss The: need (10 Rrov legal framework
for Environtie IMipact 1/Assessrtient 1 fessionals were

recognized by the government even beiore the corresponding laws came up to
operation . The amended National Environmental Act of 1988 is supported by a set
of Orders and Regulations published by the Minister of Environment. These Orders
and Regulations interpret the law and set down the requirements for preparing an

environmental assessment that complies with the Act.

The first two Orders and 18 regulations were published by the Minister for
Environment in 1993. One of the Orders designated 14 state agencies as project
approving agencies, and the second Order specified the types of projects that
required either an Initial Environmental Examination or a full Environmental Impact

Assessment.

The first Order which designated, the project approving agencies, was revised in

1995and the agencies were separated up to two categories..
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The prescribed projects that require environmental impact assessment have been
categorized as follows:-.

Projects which are located wholly or partly within the coastal zone.

Projects which are located outside the coastal zone

The Environmental Impact Assessment Process in Sri Lanka requires immediate

coordination between the developer and the Central Environmental Authority.

There are eight basic steps of the EIA process in Sri Lanka which should be observed
the beginning with submittal of preliminary information about the project in(Table
1.1).

The preliminary information is submitted for the project Approving Agency to
determine of whether or not an EIA report is required for the project. For this reason
alone, the project proponent must discuss the project with the Project Approving

Agency in the early stages of planning the project. Generally, the Preliminary

Informe ject, location of
the project, !LQ e’and anv'other infornfation’ reguested by the OjeCt Approving
Agency. hgge/Preliminary, Informafion its ludé maps of rea and general
layout of the oject approving

agency. The Preliminary Information Package would be similar to the information
contained in a pre-feasibility reporting Sri Lanka. The list of issues to be discussed in
the EIA is usually defined by the Project Approving Agency in consultation with the
project proponent. This approach is somewhat different from the approach adopted in
other countries where the Scoping Document forms the basis for the Terms of
Reference (TOR) as other countries the project proponent is solely responsible for
identifying the specific issues that will be addressed.

Generally, the Environmental Clearance for the project will include a number of
conditions that the developer must comply with during the construction and
operation of the project. These will include the mitigation and compensation
measures that are proposed in the EIA, potentially additional measures recommended
by the Central Environment Authority, and monitoring programs to assure



Introduction

compliance with the commitments made in the EIA report. Prior to presenting the
EIA in its final form it is often recommended that the project proponent submits a
draft of the EIA to the Authority to gain comments and recommendations for
preparing the final EIA. Generally, the Authority will provide comments on the draft
of the EIA that will enable them to make a final review of the EIA and approve the
EIA. The review process will consist of two basic procedures. The first aspect of the
review will be to ensure that the legal requirements are addressed within the EIA
report. This is to ensure that the EIA is comprehensive and fulfills the requirements
that are identified in the legal framework. The second aspect of the review is relative
to the technical aspects of the EIA. The review will focus on adequate description of
the existing conditions in the proposed project site. This is followed by a review of
the impact assessment of the project and a determination of the significance of the

impacts that are anticipated during the construction and operation of the project.

The review of the impact assessment will concentrate on whether the assessment of

impacts is believable and if there is sufficient support for the analysis of the impacts.

This is 1i:F0 dr by, a-keview Of the-mitigation @nd comper )n measures that
are pro bEﬁ?@O torpotatian dnfichthecdestoi and;operations project. One of
the basic prasmises Torviavialy. o thacliti measures is to
determiiie ii the [prOp0OSEQ iTieaSuies Wil D€ €riecCtlive i imitigatiing the impacts and

what residual impacts will occur. This review will focus on both environmental and
social impacts and the mitigation and compensation plans that will accompany those
effects. The final aspect of the review will focus on the Environmental Management
and Monitoring Plan. This plan is designed to enable implementation of the
mitigation and compensation measures (including any rehabilitation program that is
required) and will identify the organizations that will be responsible for the

implementation.

In addition, the review of the Environmental Management and Monitoring Plan will
evaluate the proposed monitoring programs that are to be designed to determine the
actual effects of the project as well as to evaluate the effectiveness of the proposed

mitigation and compensation measures. Based on the results of the review, the
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Central Environment Authority will recommend either that the EIA be approved or

rejected.

1.3 Major steps in the current EIA Procedure
1.3.1 EIA and IEE Process in Sri Lanka
1.3.1.1 The EIA Process

In the event that an EIA is required, the Project approving Agency in consultation
with CEA is responsible for subjecting the preliminary information to environmental
scoping, in order to set the Terms of Reference (TOR) for the EIA. The TOR is
prepared by a Technical Evaluation Committee (TEC) comprising experts in the
relevant field, appointed by the PAA. In developing the TOR, the regulations provide
for the PAA to consider the views of state agencies and the public. Upon submission
of the EIA by the proponent, the PAA is required to determine whether issues

referred to in the TOR have been addressed and notify the proponent of any

inadeqL
In the eye@Esany ipadequacigs: areddentified,)thepioponent quired to make
necessary amendmentsvand resubmiti thex addition to the

EIA being forwarded to the CEA by the PAA, notice is also placed in the
Government Gazette and in a national newspaper published daily in Sinhala, Tamil
and English languages inviting the public to make written comments, if any, to the
PAA within 30 days from the date of first appearance of the notice. According to the
legislation, public consultation is mandatory is only at this stage of the EIA process.

Informal consultation with NGOs, interested groups and civil society may occur
during early stages of the EIA as determined by the PAA depending on the type of
project and public interest in the project. The notification would specify the times
and places at which the EIA would be available to the public. As a minimum the
report would be available at the CEA, PAA and in a GOSL agency in the locality of
the proposed project. The environmental regulations have provisions for public
hearings on the project although it is not mandatory. The PAA can use its discretion

and hold a public hearing if it would be in the interest of the public. The PAA is
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required to forward all comments, either written or raised during any public hearing,
to the project proponent for review and response within 6 days of completion of the
public comment period. The proponent is required to respond to all such comments
in writing to the PAA.

The TEC appointed by the PAA would then evaluate the EIA and require the project
proponent to respond to any queries raised by the TEC. The TEC would also evaluate
the adequacy of the proponent’s response to any comments raised during the public
comments period. Upon completion of the evaluation of the TEC, the PAA with the
concurrence of the CEA would grant approval for the implementation of the
proposed project subject to specified conditions or refuse approval for
implementation of the project, with reasons for doing so. The notification must be

made within 30 days of the receipt of responses from the proponent.

The PAA is required to specify a period within which the approved project should be
completed. In the event the proponent is unable to complete the project within the
specifie tained from the
PAA. 3 ?gr e At MAR RS A1 fedibigible for forwarding a
report which-€o Of the approved
project, “th It is also the
responsibility of the PAA to publish in the Government Gazette and in one national
newspaper published in Sinhala, Tamil and English languages, granting approval for
the project. It is mandatory that the project proponent informs the PAA of any
alterations to the project as approved and/or the abandonment of the project. The
PAA shall, where necessary, obtain fresh approval in respect of any such alterations
that are intended to be made to the approved project. The PAA in consultations with
the CEA would also determine the scope and the format of the supplemental report

required to be submitted for such alterations.
1.3.1.2 The IEE Process

Upon review of the preliminary information provided by the proponent, if the PAA
determines that the project would have no long-term adverse environmental impacts,

an initial environmental examination (IEE) would be considered adequate. Under
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such circumstances, the proponent will be required to submit a detailed IEE for
review and approval by the PAA. The IEE will identify potential environmental and
social issues and the complexity of possible remedial actions. Upon reviewing the
IEE, if the TEC identifies any substantial environmental issues that may arise as a
result of the proposed project, the proponent will be required to undertake a detailed
EIA. In the event the IEE is considered adequate, then the project proponent is
requested to prepare an Environmental Management Plan (EMP), to address any
potential environmental and social issues as well as incorporate the PAA/CEA’s
approval conditions. The IEE review process is similar to the EIA review process,
except for the level of detail and analysis involved, which is proportionate to the

anticipated environmental and social impacts.

The CEA has developed a custom made IEE questionnaire for mini hydropower
projects. The Environmental Questionnaire for Mini Hydro Projects is more detailed
than the general IEE questionnaire and is designed to capture environmental issues
specific to mini hydro projects. This guestionnaire is used by the CEA/PAA to
determine wiether the.potential praject sesults in lang tery, irreversible or complex
environmerésaﬁand jociat(issues-anthifsso; ibwiarrantsraniEdAs If no EIA is required,
the proponéﬁ"’t',,is regivatl . toOpréparé Can<Environmental Management Plan (EMP)
which coiitaiins reiniedial imeasuies (0 addiess adveise eiviioinimental and social
issues. The IEE is not required by law to be opened for the public for comments and

does not go through the public consultation process required for an EIA.

The CEA review is based on the list of prescribed projects listed under provisions of
Part IV C of the NEA No. 47 of 1980 as stipulated in Gazette (Extra Ordinary) No.
772/22 dated June 24, 1993. All prescribed projects have to be subjected to

environmental assessments, either through IEEs or EIAs.
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1.3.1.3EIA/ IEE Procedural steps
This Process involves six major steps as in the Table 1.1

Table 1.1 EIA/IEE steps

Steps Time allowed for the PAA

1 | Screening (Determining whether an EIA / IEE

is required for a project) 6 days

o | Scoping (Determining the scope of the EIA / 14 days for IEE and 30 days for
IEE study and issuing of Terms of Reference) EIA

No time limit has been given since
3 Preparation of the EIA / IEE report the project proponent is responsible
for this.

Review of the EIA / IEE report
4 | The review involves both public and technical
review

Public review (applicable only for EIAS)
S @ The project proponent needs to respond | 30 working days
tdithe puliliicommerits redeivéd

24 elays fon tEE and 30 days for

NG
6 | %&hnical revieWw EIA

EIA / IEE Decision
7 Granting approval with terms and conditions or
rejection with reasons.

8 | Post approval monitoring
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EIA Procedure accordance with the National Environmental Act of Sri Lanka
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Figure: 1.1 - EIA Procedure accordance with the National Environmental Act of Sri Lanka
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1.3.1.3 General Approaches and Methodologies for Assessment

The general principles that shall be used in evaluating the assessment methodologies

are described below:

1.3.1.3.1 Description of the Environment: The characteristics of the environment
shall be described in a way sufficient for identification and prediction of
environmental impacts. Where necessary, baseline environmental surveys shall be
carried out to determine the existing environmental conditions on the site and in all
environs likely to be affected by the proposed project. The issues described in the
EIA study brief shall be investigated and would typically include existing water and
sediment quality, air quality, the existing noise environment, ecology, the cultural
heritage and the man-made environment. These surveys shall normally include the
site of the project, its access, and any other areas likely to be impacted during
construction and operation (or decommissioning). The type and duration of baseline
surveys shall be such that there will be adequate information taking account of
natural variation to define the existing conditions. This information shall form the
basis for pr'edicting andvevadueting thenapacts Aframiithelpreject so that the study
objectives c&ébe met Where' appropriate; results from past-Studies can be used.

1.3.1.3.2 Impact Prediction: The assessment methodologies proposed shall be
relevant to the issues to be addressed, shall have been used successfully in similar
situations or be demonstrated as acceptable by recognized national/international

organizations, and shall be capable of:

(i) Identifying potential impacts, which may be harmful or beneficial to the

environment;
(i) Identifying receivers, habitats or resources, which are vulnerable to change;
(iii) Defining the project/environment interactions;

(iv) Examining the chain of events or "pathways" linking cause with effect;

11
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(v) Describing and predicting the reasonable case scenario and/or the worst case
scenario, or such scenarios as required in the EIA study brief; and

(vi) Predicting the likely nature, extent and magnitude of the anticipated changes

and effects such that an evaluation, in quantitative terms as far as possible,

1.3.1.3.3 Impact Evaluation:

The methodologies for evaluating the environmental impact shall be capable of
addressing the following issues:
(i) The existing or projected environmental conditions without the project in
place;

(i) The projected environmental conditions with the project in place and the sum
total of the environmental impacts taking into account all relevant existing,

committed and planned projects;

(iii) A differentiation between the environmental impact caused by the project
and that caused by other projects, and to what extent the project aggravates or

improvegtfge existing or projected enviropmental conditions;

(iv) The—environhéntal rmpact “during different phases of construction and

development of the project; and
(v) The evaluation of the seriousness of the residual environmental impacts

1.3.1.3.4 Impact Quantification:

The impact quantification is an important part of an IEE or EIA. Because if, the
impact is below the threshold level in keeping with the guideline then impact
mitigation is not required Therefore, before the impact mitigation quantification is

required to identify the required amount and method of Mitigation.

12



Introduction

Dust Emission due Vehicle Movement

E = (0s815) (%) (36356;‘”) """"""""""""""" Eq. (01)

Where E = Dust Emission factor, Ib per vehicle — mile

s- Silt content of road surface material %

S = average Vehicle speed mi/ hr

w = Mean annual number of days with 0.01 in (0.254mm) or more of rain fall
Mass balance Approaches

The law of conservation of matter states that matter is conserved--that is, neither
created nor destroyed. Thus, if we know the amount of material that enters a chain
of processes, and keep an account of all the amounts in different paths, we can
calculate the quantities of materials that are hard to measure. For example, we can
calculate the amount of material entering the atmosphere if we know the amounts
that went in, the transformations, and the waste streams to land and water. This

method is called the Mass or Material Balance technique.

An exampléi%f a proeess-drem Bueryday dife)is sewageiieatment Wastewater is
generated id;ybur homeasvand tisicotieated lvith the sewer system and transported to a
treatment plant. When asked what happens 10 the sewage at the plant, most people
say that the pollutants are removed from the water and the relatively "clean water" is
then discharged to a water body. But what happens to the pollutants that are
removed? In the treatment process, these pollutants are transferred from the water to
the air, and to solid material known as sludge, or bios lids. and, a small amount
remains in the "clean water.” These waste products must be taken care of so that they
do not affect the environment. A mass balance can be used to determine how much

pollutant is in each of its various forms.

_ xcQ _ ¥mMi
anvg— T Qi = T Qi Eq (02)

Where, C,q = Average Concentration of Constituent for combined discharge stream
Ci = Concentration of Constituent in iy, discharge stream

Qi = Flow for the iy, discharge stream

13
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Mi=Mass of Constituent in iy, discharge stream

This mass balance equation can be used to determine

Average downstream concentration

Erosional Impact on water quality during construction or operation.

1.3.1.3.5Impact Mitigation: the methodologies proposed for mitigation shall give

priority to avoidance of impacts. The assessment methods shall be capable of:

(i) Identifying and evaluating mitigation measures in order to avoid reduce or

remedy the impacts;
(i) Assessing the effectiveness of mitigation measures; and

(iii) Defining the residual environmental impacts, which are the net impacts

remaining with the mitigation measures in place.

The assessment methodologies shall allow for the assessment and evaluation of the

cumula y:

S , _ ‘
(@) The (itapacis arisingrfront thecprojett arespredictes) :nd beyond the
boundariessef=the projattbriaverallon§ per

(b) There may be interactions between the environmental impacts of the project,

affecting the sum total of its environmental impacts; or

(c) There may be interactions between the environmental impacts of the project and
the environmental impacts of other developments, resulting in accumulation of

impacts and affecting the sum total of their environmental impacts.

1.4 Background of the Research

This project consists of a case study on selected twelve Mini hydropower plants in
Sri Lanka. From this research, the environmental impacts during pre-construction,
construction and operation stages were identified. The project includes a literature
study on the possible environmental impacts from Mini hydropower, measures that

can be taken to mitigate the impacts, information gathering about the twelve different

14
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hydropower plants and an analysis part where the information in the literature review
is connected to the situation at the twelve plants. The study has not included any

name of Mini Hydro Power plants and stakeholders.

Infrastructure development such as roads and transmissions lines and the
environmental impact related to it and mini hydropower plants with surrounding

ecosystem have been considered.

1.5 Research needs

The majority of Mini Hydro schemes in Sri Lanka are owned by private sector
investors. As a result the possibility of violate Environmental regulations is high.
According to research and opinion of the people, it has been observed that the IEE
process of the past completed Mini Hydro Projects is not comprehensive and they
violate Environmental regulations. In addition to past report and views expressed by

the people reveal. That there were many protests against the sever negative, social

and environmen tal impact during the construction pre-construction and operation
stages of VIini.| o/Power Projects. (Fewcaf thelprojects areldisted in the research).
e
=)
The IEE pFoEess aof (Minij{bydra+ project ited due to the
following

1. The unforeseen impact is high and predicting them is difficult.

2. The projects are highly impacted with scenic beauty and natural resources

3. The geographical situation is more varying one project to other.

4. There is a wide gap between the IEE guideline and the real construction of
the project.

5. In the case of multiple projects on the same river, The project activity in the
upper part of the stream will directly affect the downstream project.

6. The majority of Developers are private companies and their primary objective
is to earn profit and not to sickly comply with Environmental than amenable
to regulations.

7. There is inadequate monitoring of Project activities because PAA does not

have full time staff, funds and equipment needed for Mini Hydro Projects.

15
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For the above reasons, it has been decided to find out the efficiency and effectiveness
of environment impact assessment of the Mini Hydro Project in Sri Lanka.
1.6 Research objective
Based on the above needs the objective of the research is to answer the following
questions:-
1. How does a Project proponent identify and predict the impact and to what
extent does the proponent quantify the predicted impact?
2. What are the available methodologies for mitigation of Impact? How can they
be improved
3. To what extent has the Project proponent implemented the EIA-
recommended mitigation measures?
4. How do regulatory bodies ensure implementation of EIA-recommended
mitigation measures?
5. How and to what extent did the public participate in the EIA process?
6. What_vvere the likely downstream impacts of the project and to what extent
did %proponent take them in t0 consideration?
7. Hov_vff_io regulatory bodies monitoy the mitigation actions and the weaknesses
of tHéTMonitoring process?

This research has then proceeded to of activities mentioned below.

A literature survey was conducted through various media such as reference libraries
and e- libraries.

The objective based questionnaire was prepared, finalized, and issued to selected
twelve mini hydro project owners and stakeholders to gather necessary data.

The gathered data was processed and analyzed using analytic methodologies and
interpreted the data for easy identifications.

At finally, according to the results obtained possible suggestions for the

improvement have been discussed and a final consideration has been made.
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Chapter 2- Literature Review

The purpose of this study, theoretical framework and findings on this topic has been

explained further in this chapter.
2.1. Operation of Mini Hydro Projects

Mini Hydropower systems use the energy in flowing water to produce electricity or
mechanical energy. The water flows via channel or penstock to turbine where it
strikes the turbine, causing the shaft of the waterwheel or turbine to rotate. When
generating electricity, the rotating shaft, which is connected to an alternator or
generator, converts the motion of the shaft into electrical energy. This electrical
energy may be used directly, stored in batteries, or inverted to produce utility-quality
electricity.

Mini hydroelectric facility requires that a sizable flow of water and a proper height
of fall of Water called head, are obtained without building elaborate and expensive

facilities. , I\

hydro plants can_be developed at existing dams and have been

_— constructed in connection with
river and lake water-level
control and irrigation schemes.
A Mini hydropower project
contains various components.
The components, as shown in
figure 2.1, start from water
storage and ends in the
transmission. Thus, the major

components of a hydropower

Tailrace

projects can be listed as follows:

Figure 2.1 Components of a Mini Hydropower
Intake Dam (Weir): An impounding structure to store water for creating head

and to assure the controlled and continuous flow.

17
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Fore bay tank- It is a pond-like structure at the top of the penstock, which

regulates the fluctuation of water and it forms the connection between the channel

and the penstock

Penstock: A pipe from the fore-bay of the dam till the mouth of the turbine

serving as a water conductor system.

Turbine: The main electrical installation that helps to transform the mechanical

energy of the water into the kinetic energy.

Generator: An electrical installation to transform mechanical energy of the
turbines to electric energy.

Powerhouse: A civil structure used for electro mechanical installations.
Tailrace channel: A pool to release the water back into the flowing water
body.

Transmission mains: Transmission units to supply produced electricity to

the customer

2.2 Benefits of Mini Hydropower

Hydroelectric systems provide the fallowing general benefits:

Hydgﬁglectric energy. is;a continuousdy renewable electrical energy source.
Hyd},‘_otelectric energy;is rar:peHuting - no heat or noxious gases are released.
Hydroelectric energy has no fuel cost and with low operating and
maintenance costs, it is essentially inflation proof.

Hydroelectric stations have a long life and many existing stations have been
in operation for more than 25 years.

Hydropower station efficiencies of over 90% are achieved making it the most
efficient of energy conversion technologies.

Hydropower offers a means of responding within seconds to changes in load

demand.

2.3 Environmental Impacts of Mini Hydropower Projects

A hydropower scheme entails change in use of land and water. Magnitude of such

change depends on the selected site configuration. An illustrative site configuration

is shown below. The environmental impacts of MHPs are positive (favorable) and

negative (undesirable) in nature.
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2.3.1 Positive Impacts of MHPs

Positive environmental impacts of Mini hydropower projects are somehow ignored
as a routine probably due to the fact that these projects are conveniently considered
as demanding an environmental price. It is equally important to highlight and

quantify (to the extent possible)

2.3.2Positive Socio-Economic Impacts

1. Project related infrastructure roads, health facilities, education facilities will
help the local

2. Improvement in living standard of local people

3. Generation of employment opportunities locally. Direct employment during
construction and indirect employment in allied activities

4. Check on migration from villages to towns, thereby checking urban
concentration of population

5. It helps in checking deforestation which is taking place to meet food, fodder

6. J-p?;» hy 3 idoest ot reqauire’ much “exder feal iy d and Operate,

7. In specific cases MHPs are eligible for carbon credits through reduction in

CO;, emission and adding sink for CO; via plantation schemes.

2.3.3Positive Ecological/Environmental Impacts

1. Clean and renewable source of energy. MHPs result in saving of non-renewable

fuel resources such as coal, fossils.

2. It is benign source of power generation, harnessing only gravitational potential of

water to make it yield energy in a continuum

3. Decrease of pollution due to cleaner energy source (hydro replacing diesel

generation, electricity replacing polluting energy sources)
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4. Increased water surface creates habitat for aquatic life in or near the weir ponding
area. Receiving waters create dry mudflats which provide feeding sites for migratory

birds and breeding habitat for resident species.

5. Improved ground water table enhancing greenery all around due to landscaping

and tree planting.

6. Improvement towards vegetation and plantation associated with the project

(compensatory a forestation) and thus providing sink for CO, emission
7. Improved habitat due to build environment.

Fauna — aquatic as well as terrestrial. [2]
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Table 2.1 Negative Impacts of MHPs

Literature Review

No | Activity Adverse Impact Types of Impact (Long Methods of Possible Mitigation
term/ Quantification / methods
shot term /recoverable Quialification
lirrecoverable)
oL Construction of road, 1. Reservoir sedimentation and deterioration | 1. Short term and 1. Water quality analysis | 1. Minimize erosion during

dam, surface power
house and switch yard,

diversion tunnel, channel

of water quality

2. Air and noise pollution and disturbance to

flora and fauna by work force

3. vis" al- Mitr dsion talsed by epnstruetion

activipF s

4. Disturbance of recreational spots (e.g.

waterfalls) and activities

5. Soil erosion due to removal of vegetation

and excavation of construction material

6. Alteration in ground water flow

recoverable Impact

2. Short term and

recoverable Impact

3engidndlShartterm
angd-recoverable and
recoverable. impact

4. Short term recoverable

impact

5. Short term recoverable

Impact

6. Short term recoverable

impact

and Mass balance

equation

2. Emission factor
calculation and noise

level calculation

3.fieldstudy

4. Field study

5.Field study and water
quality analysis and
Mass balance equation
6.Ground water flow
calculation and

Geological study

construction Planting rapid
growing vegetation
surrounding the reservoir
2. Noise and air emission
minimize and sound barrier

for noise.

3. Used the methods of
mimic the natural appearance
of them.

4. Effort should be taken to

minimize the disturbance

5. Minimize erosion during
construction Planting rapid
growing vegetation

6. Minimize the alteration of
ground water flow by

proving water flow path
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without disturbing natural
flow path.

02 | Construction of 1. Damaging flora due to right of way 1.Long term irrecoverable | 1. Field study 1.Compensate damage and
transmission line clearing impact select path along the
2. Endangering the lives of fauna 2. Long term 2. Field study Minimum removal of
irrecoverable Impact vegetation
3. Visual intrusion 3. Long term 3. Field study 2. Precaution has to used
irrecoverable impact minimize endanger of lives
3. Used the methods of
mimic the natural appearance
03 | Stream diversion 1. LagE of?\abitat offisirand otherjaquatic & hgngiterm recoverabte ot 1. Rield:study 1. Environmental Flow must
through channel and floratandfana Impgct be maintained.
conduit 2. Decrease in dilution capacity of stream 2. Long term o .| 2. The action must be taken
2. Water quality analysis
irrecoverable Impact to minimize the
can be used.
3. Depletion in ground water recharge where | 3. Long term recoverable 3 Calculation stream contamination of other
diversion is taken off from effluent stream Impact . substance.
flow discharge.
3. Maintain continuous
environmental flow
4. Loss of waterfalls and other recreational 4. Long-term . 4. Take all necessary actions
4.Field study
activities irrecoverable Impact to minimize the impact
04 | Ponding 1. Flow disruption 1.Long term irrecoverable | 1. Flow calculation 1. Take necessary actions to

impact

minimize the flow disruption
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2. Channel degradation during generation or
spilling and flushing of silt from dam

3. Trapped nutrients and sediments,
eutrophication

4. Changed water temperature

5. Changes in land uses:

(a) submergence of agricultural and forest
land

(b) submergence of human settlement and
displacement of population

) subnﬂ?rgence ofimadnuméats/sites &f

(d) Ioééﬁwhitevvater recreation

6. Change in aquatic plant life and fish
species

7. High evaporation rate

8. Sedimentation adversely affects fish
spawning areas by burying them

9. Provides increased habitat for mosquitoes
and snails which are vectors of diseases like
malaria, yellow fever, dengue, encephalitis

and schistosomiasis

2.Short term recoverable
impact

3.Short term recoverable
impact

4. short term recoverable

impact

5.Long term recoverable

impact

6. Long term recoverable
Impact
7. Long term recoverable
impact
8 Short term recoverable

impact

9. Short term recoverable

Impact

2. Calculate from stream

flows

3. Water quality analysis

4. Observing the
temperature through

Sensors.

5. Field study

6. Field survey or study

7. Pan evaporation can
be used for evaporation
rate measurement.

8.Calculate from Mass

Balance equation

9. Field study

2. Use a Fore bay tank to
control channel flow.

3. Appropriate water
treatment has to be made.
4. Control water temperature
prevents adverse effect for
aquatic flora & fauna.

5. Compensate for the
damage and appropriate
actions must be taken to
minimized damage.

6. Prevent eutrophication or
water contamination due to
pointed or non point
Pollutant.

7. Prevent increase of
temperature and maintain
lower pond open surface.
8. Minimized the sediment
by using soil-stabilizing
water retaining equations.
9. The water gathering at
river bank without flowing

and waste water
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05

Operation of hydropower
station

1. Increase in pollution concentration in the
downstream due to release of pollutants from
residential areas, hydropower plant

2. Released water containing low dissolved
oxygen

3. Fish mortality from turbine passage

4. Sonic impact: noise level may increase

1.Short term recoverable
Impact

2. Short term recoverable

Impact

3. Short term recoverable

Impact

4. Short term recoverable

{pdct

1.Water quality
Analysis

2. Water quality analysis
or Mass balance

equation.

3. Field study

4. Calculate the Noise

Level or used

Measuring Equipment.

1. Pollutant must be collect
and dump. Pollutant
concentration should be
treated to allowable
concentration before
discharge in to the water.

2. Improve the Oxygen
concentration.

3. Trash rack and fish screen
must be placed at the intake.
4. Appropriate Noise
minimized Process is used
Ex. Sand bag wall, green
belt.
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2.3.5 Provision for Public Participation

Public participation is an important aspect of the EIA process in Sri Lanka. The
provision for public participation is contained in the National Environmental Act
(NEA).

Once an EIA report is submitted the National Environmental Act provides for public
inspection and comment on the EIA report during a mandatory period of 30 days.
EIA reports are available for perusal by the public in Sinhala, Tamil and English.
These reports are usually kept for public inspection in the CEA Headquarter Library,
the relevant Divisional Secretariat Office and Pradeshiya Sabha. Any member of the
public may send their comments to the Central Environmental Authority or the

respective Project Approving Agency, within 30 working days.

The Project Approving Agency (PAA) publishes notices in the National Newspapers
inviting the public to inspect and comment on the EIA report within 30 days. The

notice specifies where and when the EIA report can be inspected. The public have a

right to N . _ \ )ying charges. A
public | I;rgr also be held-at the discrefion of the PAA wi is thought that it
would be iti er public. interest. to 0q so.

The public comments received must be sent to the project proponent for response.
The project proponent must respond to comments by making every effort to improve

the project.

The IEE reports are not required to open for public comments for a mandatory period
of 30 days. However, an IEE report shall be deemed to be a public document and

shall open for inspection by the public.

In addition to the above mandatory requirement, the project proponents are always
advised to have informal dialogues / consultation with the local people during the
IEE/EIA study. The project proponent must ensure that the local people get accurate

information about the project. If the local community is negatively affected by the
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project, it is important that the project proponent consult them and obtain their
support in proposing mitigation measures to minimize the impacts. [2]

2.3.6 Environmental Methodologies
Application of Methodologies in EIA Process

Environmental methodologies can be useful, although not specifically required
throughout the impact assessment process. Table 2.2 identifies five activities and
relevant useful methodologies. It is not necessary to use a methodology entirely in an
impact study; it may be instructive to use portion of several methodologies for
certain requisite activities. In that regard, methodology selection may be considered a

part of an impact study.

Table 2.2 Application of Methodologies in EIA Process

N 1 i L Relative
Pracess’activity ; Methddologies
& ! usefulness
1| Impact identification iviatrices Slmpie High
Stepped Medium
Networks High
Checklists | Simple Medium
Descriptive Medium
2 | Describing affected Matrices Simple Low
environment
Stepped -
Checklists | Simple High
Descriptive -
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3| Impact prediction and Matrices Simple Medium
assessment
Stepped Medium
Networks Medium
Checklists | Descriptive High
Scaling , rating, ranking Low
4| Selection of proposed Matrices Simple Medium
action
Stepped Low
(based on evaluation of
i Checklists | Scaling, rating, ranking Medium
alternatives)
Weighting-scaling, rating, | High
ranking
5| Study  summarization | Matrices Simple High
and communication
1 | Low
) rchackiistacdcsinipld Medium
' | |

2.3.6.1 Checklists — Checklists are standard lists of the types of impacts associated
with a particular type of project. Checklists methods are primarily for organizing
information or ensuring that no potential impact is overlooked. They comprise list
questions on features the project and environments impacts. They are generic in

nature and are used as aids in assessment
Three types

1. Simple: no information needed on magnitude or importance of impacts"

2. Descriptive, require information on magnitude or importance of impacts as well
as indication on prediction methods and indicators.”

3. Questionnaires, this is a questionnaire and Answer based analysis. In these

methods three types of answer of “yes”, “no”, “may be" can be used. 2.3.6.2
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Matrices - Matrix methods identify interactions between various project actions and

environmental parameters and components. They incorporate a list of project

activities with a checklist of environmental components that might be affected by

these activities. A matrix of potential interactions is produced by combining these

two lists (placing one on the vertical axis and the other on the horizontal axis).

They should preferably cover both the construction and the operation phases of the

project, because sometimes, the former causes greater impacts than the latter.

Table 2.3 Sample Modified Checklist for Small Reservoir Project

g ) £ €
+ | ©| & £ S| 2| % S
i S|le|F|F |2 |2|8|5|€
No. | Environmental Impacts Sl =Sl el 8|S 28| C
5| 2|s|S|z|e|a8|e|e
Sl 3|2k =2
1 | Surface water Hydrology X X X X
2 | Surface water quality X X X | X
3 Soil/er‘gsgon X X X X
4 Geoloéy? X X X X
5 | Climata™ % X x | x
6 | Wildlife Habitat X X X X
7 | Ecology of Fisheries X X X | X
8 | Inundation area X X X
9 | Water Quality and Quantity X X X | X
10 W{iter_supply for downstream « x| x «
irrigation
11 | Human and Animal toxics of water | X X X
12 | Air quality
13 | Reservoirs related recreation X
Visual resources - Natural and
14 X X X X
cultural Features
15 | Visual Resources - Reservoir X X X X
Visual resources - Natural or
16 X X X
cultural landscape
17 | Irrigation district X
18 | Increase of the local revenue X X
19 Employment for Irrigation x x % | x
farmers
Land use development for
20 X X X X

Irrigation
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However, matrices also have their disadvantages: they do not explicitly represent
spatial or temporal considerations, and they do not adequately address synergistic

impacts. Sample Matrix shown in the Table 2.4.

2.3.6.3 Networks — These caused effect flow diagrams which are used to help in
tracing the web relationships that exist between different activities associated with
action and environmental system with which they interact. They are also important in
identifying direct and cumulative impacts. They are more complex and need

expertise for their effective use. A sample Network Analysis shown in Figure 2.2 [3]
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Table 2.4- Environmental Impact Matrix

Literature Review

Environmental Components
Physical Biological Human Environment
- « age (&]
Project Activities E s _ =
(] = o —_ — 8
> § = .g E £ £ & 8
=] 2 @ = Py
St52| £|82| £ g3z | > |Bc| B2 |58 2| £ sl22],
e pPS3| 2|53 |=3| 83 56| 53| L% = S| 8|88 |2
0O pb=2o I | ao|<O | 24 EFT | & | B B = S |laT | &
Pre-Construction
1.0
Phase
Geotechnical
investigation and site N
1.1 | survey
1.2 | Land Acquisition S
20 | Construction Phase
Site Clearing and s, si SN ssi | sSN | PN | PN S B
2.1 | Earthworks ' ' ' ' ' ' '
Establishment of
2.2 | Temporary Building SN SN SN
Transportation of
Materials and S,N S,N S,N
2.3 | Equipment
Storage and Handling
of Construction SSN | SN SN
2.4 | Materials
Construction of . . . . .
2.5 | Access Road S Si S,Si | §8i | SSi S, Si S,B
Construction of .
26 | Sanitary Landfill .St | SN SN S.B
Disposal of
Construction and e S, Sl o eo; Pl
2.7 | Biomass Waste S
()
30 | Construction Phase E"i‘
by ot J-L,
Waste - L, Si Si N N
Transportation
3.1 J2-N
32 | Landfilling Activities | L, Si L, Si Si N
Land Clearing for
Opening
of More Cell in S, Si
Stages to
3.3 | Receive Waste
34 | Leachate Generation Si B Si Si N N
Landfill Gas
3.5 | Generation
4.0 | Post-Closure Phase
Final Covgr and N N N
4.1 | Landscaping
42 | Leachate Generation Si Si
Landfill Gas si
4.3 | Generation
4.4 | Waste Stabilization N
LEGEND: S=ShortTerm, L=LongTerm, P=Permanent, N = Not Significant, B =Beneficial, Si= Significant
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Specific Basic Change in Physical and Biological Probable social, Probable Data needed to
Alternative Resources cover type or chemical effects economic and other importance of evaluate important
Decreased
Decreased > woodland | Decreased hunting | High Example for down
71 wildlife d . stream fisher
woodland and associated USeS . y
(to lake) evaluation
N Decreased timber L
Land Decreased production L oY
Increased Forest Plant
urban/built- communities Change area life
up land » Change non style income level - o
i ater
cotta pointSource | — and econom '9
(cottage) Eutropication [ ] y B
effect Gradual decrease in Dissolve Oxygen
quality of lake Moderate
Decreased Altered water L 5| Temperature
C ctroam tv/no Conditinn —
) reate Zn Volume flow
impoundment »| Water i P e very g u [ caho® uses ai Moderate
== v O AL [ > Fish population
PNt GUdIE NESES—o1HH :'r"f ITCE LIy Fertility indices
ii??‘f"ﬁ“' | :—;— e A ter N High — Land
Bank conditions
land and Cvaporauon Simuiate lake type
stream) and seepades Proliferation of boating associated High Sediments Yield
lake fish recreation uses and > _
Altered water population and economic effects Pollution source
conditions % ;
> assomfited Effect on existing Resources use for
organism septic systems > Moderate aquatic habitat
roads, croplands
Air Changed Increased
Ground water wetland plant Increased water foul
; » and animals
reaime production » Moderate
- - Temporary Temporary
quality ¢ Shortterm attractiveness of
-[3] disturbance of area to recreations

wildlife
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2.3.6.4 Expert Opinion —This one is suitable for IEE/Scoping/TOR report
preparation of sector checklist. In this method subject expert opinion is sought by
small meeting, conference, seminar, several small groups. However there can be
danger in this when excessive consultation is done and some unjustifiable impacts

included in the ToR. This method is simple and required limited resources.

2.3.7 Baseline data collection

The term "baseline™ refers to the collection of background information on the
biophysical, social and economic settings proposed project area. Normally,
information is obtained from secondary sources, or the acquisition of new
information through field samplings, interviews, surveys and consultations with the
public. The task of collecting baseline data starts right from the period of project
inception; however, a majority of this task may be undertaken during scoping and
actual EIA.

2.3.7.1 Baseline data is collected for two main purposes

To provide @ description, of the. current-stafus .and dtends, of environmental factors
(e.g., air pdﬁl}ant coneenirations)| ofcthechast [areasagainstwhich predicted changes
can be compéted and evaluatediniérms 1of significance, and to provide a means of

detecting actual change by monitoring once a project has been initiated

Only baseline data needed to assist prediction of the impacts contained in the ToR

and scoping report should be collected.
2.3.8 Impact analysis and prediction

Predicting the magnitude of a development likely impacts and evaluating their
significance is core of environmental assessment process. Prediction should be based
on the available environmental baseline of the project area. Such predictions are

described in quantitative or qualitative terms
2.3.9 Considerations in impact prediction

2.3.9.1 Magnitude of Impact: This is defined by the severity of each potential

impact and indicates whether the impact is irreversible or, reversible and estimated
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potential rate of recovery. The magnitude of an impact cannot be considered high if a
major adverse impact can be mitigated.

2.3.9.2 Extent of Impact: The spatial extent or the zone of influence of the impact
should always be determined. An impact can be site-specific or limited to the project
area; a locally occurring impact within the locality of the proposed project; a regional
impact that may extend beyond the local area and a national impact affecting
resources on a national scale and sometimes trans-boundary impacts, which might be

international.

2.3.9.3 Duration of Impact:

Environmental impacts have a temporal dimension and needs to be considered in an
EIA. Impacts arising at different phases of the project cycle may need to be
considered. An impact that generally lasts for only three to nine years after project
completion may be classified as short-term. An impact, which continues for 10 to 20
years, may be defined as medium-term, and impacts that last beyond 20 years are
conside

2.394 gﬁ;ﬁ’cj{ dofthd ipact

This refers to t  been predicted,
its significance must be evaluated using an appropriate choice of criteria. The most
important forms of criterion are: Specific legal requirements e.g. national laws,

standards, international agreements and conventions, relevant policies etc.

2.3.9.5 Public views and complaints

Threat to sensitive ecosystems and resources e.g. can lead to extinction of species
and depletion of resources, which can result, into conflicts. Geographical extent of
the impact e.g. has trans- boundary implications. Cost of mitigation, Duration (time
period over which they will occur) Likelihood or probability of occurrence (very
likely, unlikely, etc.), Reversibility of impact (natural recovery or aided by human
intervention), Number (and characteristics) of people likely to be affected and their

locations Cumulative impacts e.g. adding more impacts to existing ones. There is an
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uncertainty in prediction due to lack of accurate data or complex systems.
Precautionary principle is advocated in this scenario.

2.3.10 Impact prediction methodologies

Several techniques can be used in predicting the impacts. The choices should be
appropriate to the circumstances. These can be based on Professional judgment with

adequate reasoning and supporting data. This technique requires
2.3.11 Types of Environment

2.3.11.1Biological Environment

2.3.11.1.1 Aquatic

Aquatic ecosystem to be studied over an area at least between 2km upstream of the
project site and at least 2 km downstream of the project site. The study should

include the following:
(a)
0
(b) Residen species

(©) logy, anatomy,
feeding pattern, breeding pattern etc. Aquatic ecological analysis may be made
following the methods outlined in Wetzeland Likens (1991) and APHA (1998).
Periphyton, phytoplankton, macrobenthosand zooplankton should be studied for
frequency, density, abundance and diversity indices.

2.3.11.1.2Terrestrial

An inventory of flora, listing of rare, endangered, economically important and
medicinal plant species should be prepared and their frequency, abundance and

density should be determined. Quadrate method is generally used for sampling.
2.3.11.1.3Flora

(a) Major forest products and dependability of the local communities on these

such as fuel wood, edible species, construction material etc.
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(b) Forest type
(c) Trees, shrubs, herbs
(d)Rare and endangered species
(e) Endemic species
() Economically important species
2.3.1.1.1.4 Fauna

(a) Aerial distance of National Park/Sanctuary/Biosphere Reserve etc., if any in

the vicinity, from the project site
(b) Rare and endangered species
(c) Endemic species
(d) Species of special interest to local population and tourists
(e) I\/Iig'rf'tory rodte ofdrmals) if'any ! in the project area
-y
2.3.11.230Qigé,c0n0mic Environmment
2.3.11.2.1 Demographic Profile (gender-based details of the population)
(@) Rural/urban
(b) Population density
(c) SC/ST and others
(d) Literacy
(e) Employment and occupation

() Economic status (land holding/house holding)

2.3.9 Stake holders in IEE Process
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Stake holder is any individual, group, agency or organization affected by a project
and/or with concern or interest in a development project and its outcomes, or in
common, resources impacted by a development project. A stakeholder should be

treated as a ‘Partner in Development’ and not as opponent of the project.

2.3.12 Risk Assessment

Construction involves many separate activities that are carried out within the
environmental conditions existing at the site. Environmental conditions will affect
the construction activity, and the construction activity will also affect the
environment. Thus, there are risks in undertaking the work, e.g., construction that is
carried out in the wet season will normally have greater risks attached to it than work
undertaken during the dry season the risk of undertaking any construction activity

needs to be determined before the activity commences.

Risk = likelihood * Consequence

Risk is as@g’s**;ed as: the (Jikelihoed that. the ractivity, will have an effect on the
environmentgs welkas the consequence|af the effect occurring. It is often described
like this: In all construction activities, there will be a range of likelihoods and
consequences that will determine the degree of risk of the activity. Risk is also
dependent on the location where the activity will happen, how the activity’s location
will affect sensitive receptors, and the duration of the activity. Activities of short

duration normally have less risk than longer-duration activities.

The risk assessment process is undertaken with a risk assessment matrix. A number

of stages are required to complete the matrix.

Table 2.5 - Likelihood Scale

likelihood Definition Score

Certain Will occur during the activity at a frequency greater than 5

every week if preventative measures are not taken.

Likely Likely to occur more than once or twice during the 3
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activity, but less than weekly, if preventative measures are

not taken.

Unlikely

May occur once or twice during the activity if preventative

measures are not taken.

Rare

Unlikely to occur during the activity.

Table 2.6 Consequence Scale

Consequence

Definition

Score

Catastrophic

Unprecedented damage or impacts involving the
environment or surrounding communities. For

Example:

e Extreme loss of soil, water resources and water
quality from storm water runoff;

e Extreme pollution of soil and water resources,
including ajoncontamination from hazardous
niaterials;

o YW\Widespreadéffects on ecosystems, with deaths
of fauna/flora;

o Widespread community impacts resulting in
inconvenience, illness, or injury; and

e Loss or destruction of archaeological sites.

The occurrence of any of the above will almost
certainly result in the work being halted and in a

significant fine.

Major

Major damage to the environment or to surrounding

communities. For example:

e Major loss of soil, water resources, and water
quality because of storm water runoff;
e Major pollution of soil and water resources,

including contamination from hazardous
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materials;

e Significant effects on ecosystems, with

isolated deaths of non-vulnerable flora and

fauna
¢ Significant annoyance or nuisance to

communities; and

e Major damage to, or forced displacement of,

archaeological or historical sites.

The occurrence of any of the above may result in work

being halted and in a fine.

Moderate

Limited adverse impacts on the environment or on

surrounding communities. For example:

e Localized, short-term noticeable changes in

storm water quality,

e Short-term minor changes in ecosystems,

e+, SPMe-anneyance o isanceto communities,

and

o visalatethor partigk damage to archaeological

historical sites.

The occurrence of any of the above may result in work

being halted and in a fine.

Minor

No or minimal adverse environmental or social

impacts. For example:

e Localized, short — term noticeable changes in

storm water quality, and water quality remains

within tolerable limits;

o Little noticeable effect on ecosystems;

e No community complaints, or only an isolated

few; and

¢ No or minimal damage to archaeological or

historical sites.
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After the occurrence of any of the above, there would

be no likelihood of work being halted or a fine.

Table 2.7- Risk Score Table

Consequence
Catastrophic Major Moderate Minor

Likelihood Certain 25 15 10 5

Likely 15 9 6 3

Unlikely 10 6 4 2

Rare 5 3 2 1
Risk: High:  15-25
Medium: 6-10
Low: g 1-5

ﬁ'
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Chapter 3.- Methodology

3.0 Procedure

Thesis of the research started with a literature study in order to gain the needed
knowledge about the environmental impacts that can be connected with Mini hydro
powers. The gained information in the literature study has formed a base from which
a model has been created. In the analysis, the model has been compared with the

gathered information about the twelve hydropower plants

The survey samples are chosen from Authorities, stake holders and three key
informants. The key informants were selected from Grama Niladari, Environment
officers of Divisional Secretariat and a resident in the village. This survey is done
using direct face to face interview with the informants and filling the

questionnaire.(Annex-A)

Data Collection

Oral (Face to face interview) Published IEE and other Reports

Key informers Project Developer Authorities

- General Public
- Professionals

- Environmental Specialist

Y

Questionnaire

Figure 3.1- Data structure and
Inputs
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The data was collected from selected twelve Mini Hydro Projects. They were

selected based on the following factors

The data was collected according to the step shown in figure3.1.

District of Location

Project approving Agencies
Geological Location
Capacity of the project

Time consuming for data collection

The selected twelve Mini Hydro Projects were visited and minimized Environmental

and Social negative Impacts and its avoided methodologies were observed they were

compared with the predicted mitigation measures. Further, positive impact improved

methodology was also observed.
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Chapter 4- Observation and Analysis

The observations of the field studies and the data from questionnaires and IEE
reports have been summarized in the table 4.1. The number of the project and the
percentage value of success of impact prediction and implementation are included in

the first column of Table 4.1 &final column of the table 4.2 respectively.

The Percentage of success of each predicted and implemented mitigation actions of
the Projects are included in the Table 4.3. The percentage of success is plotted

against the major impact predicted.
Percentage of Success of Impact Prediction =

[No of Projects predicted the Impact / Total Projects] x 100%
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Table 4.1 — Summary of Questionnaire findings

Observation and Analysis
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01 Matale DS 6.00 12 Y Y 500 | 20 2 2 50 62 1 1 1 4000 0 - 10.07.05 1 5 08 | N Change no construction
Palapathwela PS of turbine
02 AmbangangaKora | 4.55 7 Y Y 500 | 5 2 10 40 62 1 1 3 3900 1 - 13.07.10 1 4 08 | N Change no
le DS of turbine
Aluthwela GN
03 Rathnapura DS 2.00 180 | Y Y 500 | 4 0 0 0 1.46 04 | - N 600 1 - 03.05.29 1 05 | N Change no
Rathnapura PS of turbine
04 Yatiyanthota DS 3.00 72 Y Y 3 07 | Y Change no construction
{ 1 of turbine
: I T I T T T B L R T
05 Eheliyagoda DS 0.35 36 Y Y I-0 | 0 0 N 51510 16 ™ dufing—|-08.0918 2 08 | N Change no Pre -
Eheliyagoda PS i | i 5 ] of turbine construction
L ANV | 1ICEITOINCL 1 CSES 1 NSSCERAGUOIS
06 Yatiya | 6.00 115 | Y Y 5004003 | T s | . i ( 1 06 | N Change no
nthota DS | { 1 [ | of turbine
07 AmbgamuwaKora | 4.85 116 | Y Y 2 06 | N Change no
laya DS & PS of turbine
08 Kuruwita 6.50 165 | Y Y 500 | 2 1 0 0 6 03 ] - N 18000 0 - 05.02.17 1 2 06 | N Change no construction
of turbine
09 Kuruwita 10.0 450 | Y Y 500 | 2 1 0 0 13 01 |- N 16000 0 - 01.04.19 1 06 | N Change no construction
X2 of turbine
10 Ginigathhena DS 465 | 18 | Y Y 500 | 2 1 0 0 1.79 - - N 3000 0 - 09.02.04 1 2 07 | N Change no
Ambagamuwa PS of turbine
11 Ambagamuwa 3.00 100 | Y Y 500 | 3 1 1 15 1 01 |- N 3000 0 - 03.02.12 1 1 06 | N Change no | construction
DS of turbine
Ambagamuwa PS
12 Rathnapura GS 7.20 36 Y Y 500 | 3 1 0 0 9.18 01 |- N 10000 0 - 04.02.09 1 2 06 | N Change no construction
Rathnapura PS of turbine
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Observation and Analysis
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01 20011 Y 3 Y N 4 12 Y Damage to Pay Y 1 1 3 Donate to 2 2.0 Due to flood | Once per a 16
Properties due to Compensat School/ month
blasting work ion Temple
02 |50 |oO Y 0 Y N 7 10 N N/A N/A Y 1 1 0 Donate to 3 25 No delay Once per a 22
Temple month
03 100 ] 0 Y 0 Y N 3 15 N N/A N/A 1 0 4 N 0 25 No delay Once per a 329 221
two month
04 30 0 Y 2 Y N 4 ine after flash 112
' [ e and flood
o] g Worke 1 joul ] cal
1 | 2nce
05 |3 0 Y 0 Y N 5 YA o areng N | 9 | lay 4 time per 7.1
N/ | [ hddbl } } Wateritank year
|
06 |45 |1 Y 0 Y N 3 N | NIA N 2 L 2lay Once per a
TLT I three month
07 20 1 Y 0 Y N 25 Once per a 26
aliocation month
problem
08 10 | O Y 15 1Y N 20 | 100 | Y Damage to Pay N 5 1 0 N 3 20 No delay Once per
Properties due to Compensat year
blasting work ion minimum
09 10 | O Y 3 Y N 20 | 150 | VY Damage to Pay N 2 1 1 N 3 25 No delay 4 times per
Properties due to Compensat a year
blasting work ion
10 40 0 Y 3 Y N 6 25 Y N/A N/A N 1 0 2 N 2 15 No delay Once per 15.9 4
two month
11 50 0 Y 0 Y N 5 15 Y Erosion and land Pay N 0 0 0 Donate to 3 25 No delay Once per a
slide Compensat rural month
ion committee
12 100 |0 Y 0 Y N 15 Y Transmission line Pay N 1 2 0 Donate to 2 2.0 No delay Once per a 17796 | 4
and inundation Compensat committee month
ion of village
Y-Yes N- No
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Table 4.2 Extracted Predicted and Implemented Environmental Impact mitigations

Observation and Analysis

Predicted Environmental | Quantitatively analysis Implemented Environmental Mitigation Predict
Impact Mitigation done or Not Impact Mitigation by Project | Predicted & ed %
Proponent Implemented
Predicted Environmental Impact Project
Numbers &
Remarks
1 Geological and Geotechnical 72.22
aspects
Impact due to the blasting Blasting Operation Should | | Apply control Blasting Method | 1/2/3/4/5/6 100.00
activities remove
i Si N Qugahiiied ] fLhadel SUIra, -\';) LAl EI’VISIOH /7/8/9/10/11/1
A ! . ot GSMB/PSIDS 2
NeLIgIevant state|aoen¢iEs : i
= T
Geological Change Of the LIAN B'A 3 § IVbUb\JJMI] Mr.lr.ll\.lvul Huo w l_\r.lr.ll\.lvul U VUL LUNNLUIL I from 1/2/4/6/7/8 83.33
be taken from PAA & state ) the PAA & State agencies
agencies Partially Analyzed /9/10/11/12
* not
mentioned in
3/5
Slop stabilities slop stability preventive Partially Analyzed Water retaining structures or 1/2/6/10 33.33
measures has to be taken gabion wall was constructed by .
using boulders. not
mentioned in
others
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Hydrological Aspects 100.00
90% of dry season flow of the 1/2/3/4/5/6 100.00
) ) ) ) ) river is release through
Impact due to interruption of Environmental & social Partially Analyzed unregulated opening as E flow 1718/9/10/11/1
downstream flow flow should be released but it depends on the PAA 2
requirement.
Impact irrigation water release After valuation of Required water was supply by 1/2/6 100.00
during construction and effect pumping water during
operation compensation has construction period. - Tailrace
A~ Ay ~v +la A A~k s ~Annt~ ~ ~rvin A . * nOt
b i e sation mentioned in
0 affdngenént farl NCOME | thars as Not
& aBove the frrigatiod canna v applicable
RO
S}
Transmission line 87.50
Removal of VVegetation cover Vegetation removal has to Vegetation removed with state | 1/2/6/7/8/9/ 75.00
along the transmission Line be done with consultation agencies concurrence and
of State agencies compensate to the villagers 10711712
Partially Analyzed
* not
mentioned in
3/4/5
Transmission line travel Make agreement with Make agreement with farmer 1/2/3/4/5/6 100

through private Land and paddy

farmer organization and
land owners and

organization and land owners
and compensate to the properties
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fields.

compensate to the damage.

Partially Analyzed

damage.

[7/8/10/11/12

* not
mentioned in 9

Erosion prevention and
surface drainage

53.33

River bank erosion due to earth
cover and boulders removal

Prepare and submit detail
river bank stabilization
Plan.

Soil Erosion due to distur
earth

Not Analyzed

Use Boulder paving along the
erodible area in the river.
Planting trees and construction
of rubble retaining walls.

1/2/31415/6 83.33

18/10/11/12

* not
mentioned in
7/9

inting to
ne other

1/2/3/415/6 83.33

/8/10/11/12
covering practices
* not
mentioned in
719
River scour at the end of Place Energy dissipating Use Boulder paving along the 1/2/4/5 66.67
tailrace due to energy and device and improving of erodible area in the river and
velocity of the outlet waters River Bank stabilization concrete or boulder steps is used /8/10/11/12
Not analyzed to energy dissipating of the * ot
outlet water. mentioned in

47



Observation and Analysis

3/6/7 19
Soil conservation during dry Work has to be done during Work has to be done duringdry | 1/2 16.67
periods due to dust formation dry season with using season with using conservation
conservation techniques techniques such as benching
Not Analyzed frerracing * not
mentioned in
others
Disturbance to the river Except key activities others No other activities done with in | 1/2 16.67
sensitive area (sensitive area is | will not be permitted (eg. ) the river sensitive area except .
defined by the state agencies) | Construction of Weir, head | Partially Analyzed key activities. not
& tailrace channels, mentioned in
others
Ecology . TIVCTSITY OT IvIOTatwda, SIT =dIIRd 44.44
. : l; »_.»»
g B
Fish entry in to the water 1 fasii faCK ¢e 1isi1 SCieen [rash rack and fish screen had 1/2/3/4/5/6 83.33
conveyance system should be placed at the been placed at the mouth of
mouth of the intake intake. [718/11/12
Partially Analyzed * not
mentioned in 9
/110
Fish migration up & down Fish ladder has to be Fish ladder has been constructed | 1/2 16.67
stream construct as per the ) as per the PAA requirement.
approved design by the Partially Analyzed
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Observation and Analysis

PAA * others are
not mentioned
Movement of Small terrestrial Build an Over Passes (as Build an Over Passes at 100 m 7/8/10/12 33.33
animals across the head race per the approved size and or closed slap of the open
channel strength) at 100 m of the Not analyzed channel and cover concrete slab
open channel and cover with a grass layer to n_1|m|c the | & Others are
co_ncrete slab (over pas_s) _ naturalness to the habitat not mentioned
with a grass layer to mimic
the naturalness to the
habitat.
Noise pollution 100.00
Noise Impact at Construc dto 1/2/3/4/5/6 Noise
Stage B 5 0f the. Projest (Standard vakes at Impact
Site s - I71819/10/111/ | 4
JeVe ¢ ¢d incSchendter i ¢ b ARy jcepist igtion ot riers 12 Operatio
Lo ' reen n Stage
2 ,{’En\ antal(iINeise
01 19Y0)
Noise Impact at Operation Noise level at the Noise has been controlled to 1/2/3/4/5/6 100.00
Stage Boundaries of the Project standard values at the
site shall confirm to the boundaries by using /172/8/9/10//11/
levels stated in Schedule | Not Analyzed construction of noise barriers

& Il of National
Environmental(Noise
control Regulations No. 01
of 1996)

such as sand bag walls, green
belt etc
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Observation and Analysis

Transport of Equipment and 59.99
materials
Possible mass movement due to | Slop stability should be Slop stabilities monitor by pp 2 not 8.33
fluctuation and loosing of maintained and monitor and maintained mentioned in
earth continuously others
Not Analyzed
Noise and dust formation Minimize disturbance of It was done in a controlled 1/2/3/4/516 91.67
during loading and unloading noise and dust formation manner
/7/8/10/11/12
Not Analyzed
* not
| ‘ mentioned in
! \ 09
(LA | Flacadsamaned T o cao O TS ol it ot o ol
Fine dust blowing from open, “b0ads are covered wihen t [-oBet Wareldoy n 1/2/6/7/8/ 66.67
toped truck Snptrar Rg
S A 10/11/12
Not Analyzed
* not
mentioned in
3/4/5/9
Generation of dust nuisance During dry season it should During dry season it was 1/2/6/8/11/12 | 50.00
during dry season be dampen the exposed dampen the exposed area
area
Not Analyzed * not
mentioned in
others
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Observation and Analysis

Heavy load movement (across | It has to be done with the It has been taken approval from | 1/2/3/5/6 83.33
the bridges and culvert and concurrence of the RDA,PRDA,PS as per the
road as per the limit of weight | RDA,PRDA,PS requirement [7/8/10/11/12
transport approval has to be Not Analyzed
taken)
* not
mentioned in
4/9
Safety 50.00
Safety of road users and Prepare a safety procedure Prepare a safety procedure and 1/2/8/11/12 41.67
adjacent land occupants for road users and adjacent followed.
I"II’\A Nnrr1inante "\V'\A 'FI'\II!\\I\I
Analy * not
mentioned in
t others
Safety of Workers g Rre safety Brof Oiife reand | 1/2/3/7/8/11/1 | 58.33
o | I afety 2
ory
Safety regulation under the Not Analyzed ordinance

factory ordinance

* not
mentioned in
4/5/6/ 9/10

51



Observation and Analysis

Disposal of liquid and solid 46.67
waste in to water bodies
Spoil Materials (soil & Rock They must be used for site Those spoil materials used for 1/2/3/4/5/6 75.00
etc) removal during excavation | leveling, and back filling site leveling, back filling,
and surface preparation purposes. Also, The post retaining walls and river 7/11/12
constr'ucted un usable Not Analyzed terracn_1g. The l_)alance materials
materials should be were disposed in to a
disposed with consultation Pradesiyasabha approved dump | * not
with PS site. mentioned in
8/9/10
Transformer Oil Discharge in Preventive action has to be They were collect and pump or | 6/7/11/12 33.33
to water bodies talran dicnncad in tn an gnnrn\/ed
lot!Analvzed * not
mentioned in
2 others
] IL i - e mow W - - -'- - > mw - mm
Sewage or any liquid effl TP I be | ) a bin 6/7/11/12 33.33
discharge from dwelling Jump
camp site. site.
Not Analyzed * not
mentioned in
172131415/
/8/9/106
Solid waste stagnate within the | It must be disposed with They were disposed with 1/2/4/7/11/12 | 50.00
premises consultation with consultation of PS
PradesiyaSabha (PS)
Not Analyzed * not
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Observation and Analysis

mentioned in
others
Sanitation facilities for the It must be provided the Toilet and other sanitation 1/2/4/5/8* not | 41.67
workers sanitation facilities facilities were provided. mentioned in
others
Not Analyzed
10 | Sediment 70.83
Sediment accumulation at the Flushing of sediment Flushing of sediments carried 1/2/5/6 75.00
weir site should be carried out out using a flushing gate at the
weir /7/8/10/11/12
;. * not
| mentioned in
s t 3/4/9
Sediment accumulate in ¢ TFEeol & Aumpnin t&Ps - T A T ind 1/2/5/6 66.67
tank | dump
site 7/8/11/12
Not Analyzed * not
mentioned in
3/4/9/10
11 | Sociological Impacts 71.42
Resettlement of People Families resettle as their Families resettle as their 1/2 100.00
satisfaction satisfaction
Analyzed * not
mentioned in
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Observation and Analysis

others
Flood & land slid effect during | Establish a possible Establish a possible warning 1/2/4/6 66.67
construction and operation warning system for people system and recovery and
and take remedies for Not Analyzed damage compensation program. | /7/8/11/12
minim damages. Damage * ot
recovers by compensation. mentioned in
3/5/9/10
Timely water release for Establish a reliable Establish a reliable 1/2 100.00
irrigation purposes communication system and communication system and
Manual operating water Manual operating water valve
valve operate. Analyzed operate. * Not
applicable for
others
Impact on stream bathing Pto‘l opér-bathing Analyzed Fhe RP-constru ng 1/2/5 25.00
families | facili I ps for
=
* not
mentioned in
others
Impact on Irrigation water Reestablished irrigation Reestablished a new irrigation 1/2/6 100.00
release channel and compensate for channel and compensate for the .
the paddy land owners for paddy land owners for N:)_t ol
disturbance disturbance applicabie
Not Analyzed others
Irrigational out let operational Irrigation outlet is planning Irrigation outlet is constructed to | 1/2 100.00
impact to operate manually. operate manually. .
not
mentioned in
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Observation and Analysis

Not Analyzed others as NA
Donation to development work | 2% of the annual profit Few development work has been | Only 2 8.33
in the village should donate to the village done
for development work. Analyzed
* not
mentioned in
others
12 | Fire safety 91.67
Impact on sudden fire in Firef | Firef 1/2/3/4/5/6 91.67
station |
|l l [ /7/8/10/11/12
pi el |
| * not
3 mentioned in 9
- ;:*’l : - B et ———
13 | Tourism of the area 100.0
Tourism of the area The PP should not be Not Analyzed The weir was constructed Only in 10 100.0
obstructed the visitors by during dry season therefore .
any activities of the no activities obstructed the not_ )
project. visitors. mentioned in
others as not
applicable
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Table 4.3 Monitoring Framework

Observation and Analysis

Impact Monitoring Whether Responsible Persons to Risk Damages
) ) Parameters monitored or not | monitoring Analysis | Observed
Predicted Environmental Impact
EMOP Actual
1 Geological and Geotechnical
aspects
Impact due to the blasting Noise Pollution Project No Few Houses were
activities ) ) ) | Proponent Crack during
Air Pollution FNO Evidence for G§MI§/PS/DHS./M0n|t blasting (E.g.
Projects 01,04,08)
Geological Change of the % J * S Nionitored atThg. | Pa/DIMTOhoHhG. 1] B No
s o Sqaping Stage
AguallC 110ra dna rauria
effected
Slop stabilities Slop stability preventive Projects 3& 5 were Project No Land slide and
measures not monitored by o Proponent destroy of Houses
MC PS/DS/Monitoring
Committee (E.g. Project 11)

2 Hydrological Aspects
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Impact due to interruption of Environmental & social It is monitored by Project No E-flow values are
down stream flow flow and Water quality Project monitoring o Proponent varying standards
committee few PS/DS/Monitoring of 90% of dry
times ( less than Committee season flow of the
03) except river.
Projects 3 &5
Impact irrigation water release Project No Compensate farmer
during construction and - Location of Irrigation o ] o Proponent for loss of income
operation Channel Effect this impact is PS/DS{Monltormg due to water
_ onl)_/ for the Committee interruption.
-Quantity of Water Projects of 01, 02
Requirement & 06 and the
committee has
t less-tHan'3 Aimes-as
Transmission line WWW.IID.ITOT.ac.IK
Removal of Vegetation cove! 0 of Trees removed It is monitored by PS/DS/Monitoring roject No Projects nos. 01,
along the transmission Line ) ) Project monitoring | Committee Proponent 02,03, 11 &12 had
Soil Erosion committee few been removed more
Damages to Properties times ( less than than 50 trees.
03) except
Slop instability Projects 3 &5 Cgmpensate
Villagers for loss of
properties.
Transmission line travel No of Lands and Faddy PS/DS/Monitoring Project No. Compensate
through private Land and paddy | fields Committee Proponent Villagers and

fields

It is monitored by
Project monitoring

farmer for loss of
income due to loss

Observation and Analysis
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Observation and Analysis

Soil Erosion
Damages to Properties

Slop instability

committee few
times ( less than
03) except Projects
3&5

of land and fields. .

Erosion prevention and
surface drainage

River bank erosion due to earth | Detail of riverbank PS/DS/Monitoring Project No River widening
cover and boulders remo
{ is-mponitored by Loss of habitat
$ :,Ilb' i A r ¥
&leeosibn with inrthesitey 11 1| comiiteefeve Loss of vegetation,
A Bour .
3 '1 : 1103)
Soil Erosion due to disturbing Soil erosion PS/DS/Monitoring Project No Soli eroded places
earth Committee Proponent
No of Erodible Places It is monitored by Sedimentation in to
Project monitoring the river basin.
committee few
times ( less than
03)
River scour at the end of Energy dissipating device | It is monitored by PS/DS/Monitoring Project No River scours at the
tailrace due to energy and and methods were used. Project monitoring | Committee Proponent end of tailrace.

velocity of the outlet waters

committee few
times (less than

58



Observation and Analysis

03).
Soil conservation during dry Dust emissions Dust emission, was | PS/DS/Monitoring Project No The properties in
periods due to dust formation not measured and | Committee Proponent side and out side
monitored properly. covered with dust.
Ecology
Fish entry in to the water Size and standard of It is monitored by DS/PS/Monitoring Project No -
conveyance system Trash rack & fish screen. | Project monitoring | Committee Proponent
committee few
times ( less than
Fish migration up & dow Arstan( nd size of Fi .,-.: It is monitored by _ | It.is.monitored by, | Proj No -
stream L jade Jedd Radmidring | ProjdstrhohitotingO 1] ®
% = nitt Wi
e L tHrmpof lade thRhan
Movement of Small terrestrial No of Over Passes DS/PS/Monitoring Project No Blocking of open
animals across the head race Committee Proponent channel by filling

channel

Standard size and
strength and span of over
pass

Coverage of concrete slab
(over pass)

It is monitored by
Project monitoring
committee few
times ( less than
03)

of soil due to
landslides

Closing of small
terrestrial animal
paths.
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Observation and Analysis

Noise pollution

Noise Impact at Construction Noise levels at the Critical | No evidence for DS/PS/ Monitoring Project No Complain received
and Operation Stage point and the critical noise level Committee Proponent from the Villagers.
boundaries of the site. measurement and
Restricted works during controlling it
nighttime.
Transport of Equipmen
materials
Possible mass movement dus fe k=No of places -~ 1L TG & e 7 BEPSPMANnng- L P No Soil erosion and
fluctuation and loosing ¢ e attantion, on thi slop instability of
earth S Hity-Improving the access roads.
Noise and dust formation Noise level No evidence for DS/PS/ Monitoring Project No Impact for
during loading and unloading o monitoring Committee Proponent movement of
Dust emission animal and the
measurement. human across the
near area and the
properties of
villages at site
boundaries.
Fine dust blowing from open Visual inspection DS/PS/ Monitoring Project No Impact for
movement of
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Observation and Analysis

toped truck adequate No evidence for Committee Proponent animal and the
monitoring properties of
villages at the
access road
boundaries.
Safety
Safety of Workers Safety Plan & Procedure. | There is no any DS/PS/ Monitoring Project No Accident for
] accident is occurred | Committee Proponent workers.
No of accidents any projects. Few
projects have been
monitored by MC
durinog constriiction
(- | lectre [hesee Xl iccortatinns
Disposal of liquid and solid. =
waste in to water bodies s "l %
Spoil Materials (soil & R No Land sliding
etc) removal during excavation Committee Proponent
and surface preparation Methods of re used of It is monitored by
spoil materials Project monitoring
committee few
times ( less than
03)
Transformer Oil Discharge in No of places DS/PS/ Monitoring Project No Water pollution in
to water bodies Committee Proponent down stream
Frequency of discharge.
It is monitored by
Project monitoring
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committee few
times ( less than
03)

10

Sewage or any liquid effluent No of places There is no DS/PS/ Monitoring Project No Water pollution in
discharge from dwelling and ) evidence to be Committee Proponent down stream
camp site. Frequency of discharge | yonitoring such an
Impact.
Solid waste stagnate within the | No of places It is monitored by DS/PS/ Monitoring Project No Water pollution in
premises ) Project monitoring | Committee Proponent down stream
Frequency of discharge committee few
times ( less than
03)
Sanitation facilities for th BN I ropms t I is-poritored by DS/RS/ Njonitoy FC No Water pollution in
workers Proj ONItOrTi P down stream
B-hof Wagh comntitesSev
_FOC.P |
Sediment
Sediment accumulation at the Height of accumulations DS/PS/ Monitoring Project No Blocking of water
weir site Committee Proponent flow.

It is monitored by
Project monitoring
committee few
times (less than 03)
and due to received
few complains.

Observation and Analysis
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Observation and Analysis

Sediment accumulate in settling | Height of accumulations DS/PS/ Monitoring Project No Blocking of water
tank ] ) Committee Proponent flow.
It is monitored by
Project monitoring
committee few
times (less than 03)
and due to received
few complains.
1/2/6/7/8/11/12
11 Sociological Impacts
Resettlement of People No -
Prajegt moniogmy] 1[I §ommities 10
timesi(léssthan
‘. l" A
S
Flood & land slid effect during | -Warning system for DS/PS/ Monitoring Project No Damage to
construction and operation flood Committee Proponent properties

- Frequency of flooding

It is monitored by
Project monitoring
committee few
times (less than 03)
1/2/4/6

[7/8/11/12




Observation and Analysis

Timely water release for Communication System It is monitored by DS/PS/ Monitoring Project No Water Disturbance
irrigation purposes Frequency of water Project monitoring | Committee Proponent to farmers in time
| committee few
release times (less than 03)
1/2
Impact on stream bathing No of Places It is monitored by DS/PS/ Monitoring Project No Loss of bathing
families The facilities Project monitoring | Committee Proponent place for the
¢ bathing i committee few downstream users.
No of Persons bathing in times (less than 03)
for a place
Donation to development N Eldpments 1 t It igyoniored by LI RSA Gonitofi [3! 24 No -
in the village AR 583 » | "Projec 0!
i/ |(commitiee ten:
Jproje :
iy ES (1ESS. LTt
=
12 | Fire safety
Impact on sudden fire in power | Established fire fighting No evidence for DS/PS/ Monitoring Project No -
station system monitoring Committee Proponent
Guidance for the uses
Condition of Fire Fighting
13 | Tourism of the area
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Observation and Analysis

Tourism of the area

No of Places

Access points

It has monitor
during
construction MC
of project 10.

DS/PS/ Monitoring
Committee

Project
Proponent

No

Loss of income for
the villagers.
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Observation and Analysis

Table 4.4 Summary of Impact mitigation Prediction

Impact Impact predicted
(percentage) %
1 Geological and Geotechnical aspects 72.22
2 Hydrological Aspects 100.00
3 Transmission line 87.50
4 Erosion prevention and surface drainage 53.33
5 Ecology 44.44
6 Noise pollution 100.00
7 Transport of Equipment and materials 7291
8 Safety 50.00
T 5 m@zt iversiteof Moratuwa—Sei Lanka 53
11 ¢ :c!;gi mpacts 71.42
12 Fire safety 91.67
13 Tourism of the area 100.00
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Observation and Analysis

Impact predicted (percentage) %

120
=] =3 =]
=] S =]
i - L]
100 5
o
n o
N
0

70.83
71.42

p 53.33
B0 = 44.44
oo
: 46,67

Figure 4.1 Impact Predicted percentage

67



Observation and Analysis

Table 4.5 —Analysis of Environmental Methodologies

Project Checklist Methods Matrices | Network | + Over
2 Method | Methods | Expert layer
g o Opinion | Method
k] s
g g |%
£ & g
n ¥ o
Project 01 - Yes - - Yes -
Project 02 - Yes - - Yes -
Project 03 - Yes - - Yes -
Project 04 - Yes - - Yes -
Project 05 - Yes - - Yes -
Project 06 - Yes - - Yes -
Project 07 - Yes - - Yes -
Project 08 - Yes - - Yes -
Project 09 - Yes - - Yes -
Project 10 - Yes - - Yes -
Project 11 - Yes - - Yes -
Project 12 - Yes - - Yes -
* This refe sthe puestionnaire.is, issuet
+ This is a méthe SumMmonimeéetingland dis and expert
parties.
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Discussion

Chapter 5 - Discussion

Selected Projects were analyzed separately for their Predicted and implemented
Mitigation and violation to standards and conditions. All the 12 Mini Hydro Projects
had been processed under Initial Environmental Examination by the scoping

committee at the screening stage.

5.1 Selected Case Studies on Predicted Impact mitigation and Implemented

Impact mitigation

In terms of environmental impacts, the cutting or clearing of very steep hills, rock
blasting and soil dumping into paddy lands have created serious soil erosion. The
filling of lands and wetlands without adequate drainage system has posed
environmental threats as this could lead to flooding problems in the future, especially
during the rainy season. Dust pollution has become unbearable in some areas. Rock
blasting and heavy vehicle movement have caused noise pollution, thereby
negatively aff¢ . th he constri ite. Considering
the foll \:"%@éi(ttf mpacts_and. theif Predictedmitigation: meas were considered

as pert *ab!e A.2 tarevaluai W2 Ve g [P

Geological and Geotechnical aspects
Hydrological Aspects

Transmission line

Erosion prevention and surface drainage
Ecology

Noise pollution

Transport of Equipment and materials

Safety

© oo N o g &~ v D E

Disposal of liquid and solid waste in to water bodies

=Y
o

. Sediment

(BN
(BN

. Sociological Impacts

[EY
N

. Fire safety

=Y
w

. Tourism of the area
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Discussion

5.1.1Geological and Geotechnical aspects
Under this impact, following significant impacts had been considered
5.1.1.1Blasting activities

The explosive materials were purchased under permit of Assistant Explosive
controller of District Secretaries Office. As required this material were stored under
police security .The blasting types and explosive material used also varying with the
scale of Rock blasting are involving. All the 12 projects had identified the blasting
activities as a Predicted Environmental impact and had done controlled blasting for
the given mitigation measures. The Villagers had protested against the blasting
activities of Project no. 01, 04, 08 and 09 on the ground rock blasting had caused
damage to their properties the figure 5.1 shows a crack which had occur on a wall of
house due tq blasting. .The project. proponents had, planned compensation for the
valued dan@m thejproperties. efthe. houses~This, process. had been monitored by
Divisional S&esetary; Rradesiya,sabahajgnd qualified Mining Engineer as per the
explanation of PPs. This impact caused to the properties was predicted by all the

project proponents.

Remedies for the issues

Rock blasting procedure should be standardized and a standard guideline for Rock
blasting should be given. Rock blasting must be given priority because, in
comparison to other hazards. It invites the selection of alternative place for the
project if a protest occurs. It is also suggested that the following pre activities must

be taken in to account in order to minimize the blasting impacts of the project.

Blasting time must be scheduled to prevent any clash with local activities. Warning

signal must be sent prior to the blasting activity for the purpose of safety
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Discussion

Noise barriers and ground vibration controlling methods must be used to prevent
adverse effect on terrestrial fauna, people and their properties.
To measure the blasting effect initially and after survey the surrounding houses to

find out the visual crack effect.

Umv‘:rsi!

Figure 5.1 - Crack of wall dué to blasting activities.

5.1.1.2 Geological Change of the River

This impact is not a crucial impact for the Mini Hydro Project. The ability of
geological change of the river is less for small capacity Mini hydro Power projects.
But, in the case of river widening or removal of loose soil or rock boulders this is
effective. Therefore, it is required to obtain necessary approval from the state
agencies and PAA prior to the removal of those and widening. This impact has been
pre identified by all the Projects except Project No 03 & 05. (Predicted 83%)

5.1.1.3 Slope stabilities Slope stability is determined by the balance of shear

stress and shear strength. A previously stable slope may be initially affected by

preparatory factors; making the slope conditionally unstable. The method chosen for
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Discussion

improving slope stability depends on many factors, including the type or the
projected type of slope failure, soil characteristics and site constraints. Frequently,
more than one method of mitigation technique is required.

The Villagers have protested against the land sliding and slope failure of Project no.
11 as per the table .4.1 and also according to the table 4.2 projects Nos. 1, 2, 6 & 10
have predicted this as an environmental impact in IEE report. In the mitigation of the
impact the IEE reports identified techniques such as water retaining structures,

gabion wall, grass turfing and tree planting.
Remedies for the issues

The typical techniques of slope instability mitigation can be used for drainage
improvement, earth work and Structural Improvements such as Mechanically
Stabilized Earth (MSE), Retaining walls, Soil nailing, Tie backs, reticulated micro
piles, Piles or drilled shafts It must be selected according to the economy and easy
applicability. The following figure 5.2 and figure 5.3. Shows some improvement of

stability constructed by the two of the projects, but, the figure 5.2 improvement is

|

vV O1 | ratuwa. o

Figure 5.2 - Retaining wall
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Discussion

Figure 5.3 Grass Turfing

5.1.2 Hydrqlogical Aspects

Impact du :pterru‘pti‘on -Qf'.downst-ream‘ flow<(zfloweand social flow) All the

selected Miri ydro projectsiaraiun. afriver types and, hence the water flow used by
the project is released back (o the river at the tailrace. Thereiore water interruption
occurs in between intake and tailrace. Therefore, eco system in between this area
must retain. The CEA guideline provides this environmental flow should be 90% of
dry season water flow value. But, in this survey it has been found out the E flow
value has been decided without taking the guidelines in to consideration. Even if the
MHPs was implemented before the releasing of the guideline the pp is bounded to
update their design values according to the guidelines. All the Mini hydro projects
have predicted this impact and they have implemented the impact mitigation in
compliance with the IEE reports. Although the impact was mitigated by providing an
e flow, few projects do not operate and maintenance as per the instruction given by
the PAAs. It has been found out one Mini Hydro projects did not take remedial
actions to remove the deposits. As a result the E flow gate was blocked by the

deposited silt and thus the water flow through the opening was blocked.
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Remedial actions suppose

The overall objective of environmental flow recommendations is to ensure that
sufficient water is made available to support the needs of the entire rive rain
ecosystem. It is necessary to assess the most appropriate methods for the
Environmental flow assessments using the most appropriate methods available at the
time. Previously, these assessments focused largely on minimum flow requirements
for in stream fauna (such as fish and invertebrates). However, new methodologies
that incorporate natural variability in stream flow, and the high flow water
requirements of entire riverine ecosystems; this must be surveyed and calculated

during pre-feasibility stage.

5.1.3 Impact of irrigation water release during construction and operation

This Inr \ "his impact does
not inve |’]@a§i other Projects because there s ho irrigational channel located in
the pro ‘t_féfr:;a he predicted mitigatig impl ‘ > three projects.
According o to each farmer

community requirement and Priority has to be given to water supply for the irrigation
purposes and not for the Power generation. Irrigation water requirement should not
be interrupted any stage. But, water flow was interrupted during the construction
period and therefore demand for water for irrigation works was supplied by the
project proponent by pumping or temporary outlet depending on the demand. If the
interruptions to the irrigation water supply occur adequate compensation
arrangement will be provided according to the loss of income and damages. The
project proponents had discussion with the stake holders and farmer organization
initially to find out their requirement for the construction and rehabilitation of the
irrigation cannel. The possible impact on irrigation channel was solved at the initial
stage of the project. As a result there were no protests or appeal about water release
for the irrigation purposes. The implemented mitigation was adequate.
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Remedial measures to reduce impact

The construction activities should be done off seasons in order to minimize the water
release for the irrigation purposes. The selection of Project area outside the
irrigational channel inlet during design stage is best practices in order to avoid

lengthening the project time and the cost of Project.

5.1.4Transmission line

The electricity generated is stepped up to 33 kV and it is connected to nearest grid
substation of Ceylon Electricity Board. The energy travelling along or short distance
before connecting to the Grid substation will greatly depend on the length of the
transmission. The transmission length of selected Projects usually vary from 100 m
to 18000m as shown in the Table 4.1. The average transmission length is 6091m.
This length is long length compare to the other Power Projects. This is caused
adverse impact on vegetation removal in area and energy loss of the Power plant.

Environmental odial dirtpast dueltodiia comstructionlofi trans sion line
)
v

5.1-4.1 -..u\ V72 AL AFIAR AR TATR Y 5T A

This impact was identified all the projects but it was not mentioned as a predicted
impact mitigation in Project Nos.3,4&5. According to the mitigation action, the
removal of the vegetation should be done with concurrence of state agencies and the

villages must be paid compensation for the damage caused.

Remedial action In this method, the PAA should mentioned the proper
compensation standard to follow the Project Proponent to follow the valuation
standards and other required action must be clearly direct by the PAA. The no of
trees removed to install the transmission line, the number of cut down, the types of
trees, the number of trees planted to minimize the damage must be taken in to

consideration in order to decide as the value.
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5.1.4.2 Transmission line travel through private Land and paddy fields

This impact is also same as the removal vegetation long the path of the line.

5.1.5Erosion prevention and surface drainage

Erosion occurs when the top layer of the soil is swept away by natural or man-made
forces, making it extremely difficult to grow any vegetation on the site. Erosion can
turn a once healthy, vibrant land into arid, lifeless terrain and further cause landslides
and earth slip. Erosion happens at construction sites and other areas where the land
has been disturbed. Erosion prevention is the most effective and inexpensive method
for reducing overall environmental impacts associated with construction activities.
Erosion control practices primarily involve preserving the natural vegetation when
possible or stabilizing exposed soils with temporary covers or permanent vegetation
and structural Improvements. In the Mini Hydro Projects erosion is occurred

conside

e 4
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This mainly occurs due to weak embankment of arriver due to lose soil and boulder
on embankment. This impact was identified all the Projects except Project nos. 7&9.
River bank erosion is usually very high during floods caused by heavy rain.. It can be
avoided or minimized using mitigation actions like placing boulder, gabion filled
with rubble, rubble machinery walls and planting trees. According to the monitoring

committee reports, mitigation measures were not implemented by few of the projects.

5.1.4.2 Soil Erosion due to disturbing earth

The erosion due to disturbing earth was identified as an impact by all the Projects
except Project nos. 7&9. The controls often involve the creation of a physical barrier,
such as vegetation or rock, to absorb some of the energy of the wind or water that
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cause erosion. Constructing channel over the column support can minimize the

excavation or disturbance to the earth.

Remedial action

The projects used Grass turf tree planting, surface covering and other methods of
landscaping to stabilize the slop as the predicted mitigation. Figure 5.4 & 5.7 show
typical soil erosion during the field surveying done by the Projects. The remedial
actions taken for such soil erosion is shown in Figure 5.3. Which also enhances the

scenic beauty of the project.

Figure 5.4 — Disturbed Soil erosion

The impact mitigations were not exactly implemented according to the as the given
instructions given by the PAA. Few complaints had been made to the PAAs and the

monitoring committee had monitored them.
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5.1.5.3River scours at the end of tailrace due to energy and velocity of the outlet

waters

Scouring happens as the results of increase the velocity of the water on a massive
scale. The velocity or energy of the water outlet must be reduced or the bank erodible
area should be hardened to minimize the river scour. If tailrace is constructed
through excavation of hard rock, erosion will not be an impact. If the rock is weak or
weathered, it can be improved by the applying reinforcement with the concrete.

All the projects identified the impact except project nos. 3, 6 & 7.In order to achieve
the predicted mitigation, Boulder paving along the erodible area in the river is
applied and concrete or boulder steps should be used. This would prevent energy

dissipating of the outlet water at the tailrace.
5.1.5.4 Soil conservation during dry periods due to dust formation

This in ation techniques

such as .gny terracing

5.1.5.5 Disturt defined by the
state agencies)

The sensitive area is defined by the PAA and it is about 60 m reservation. The
Project No 01 & 02 predicted the impact and conditions given for predicted
mitigation. According to the these conditions river contraction cannot be constructed
except for key activities (key activities of construction —weir head tailrace channels,

fore bay, Powerhouse etc)

5.1.6 Ecology
Ecology is the scientific study of interactions of organisms with one another and with
the physical and chemical environment. Ecological impact has identified in

categories terrestrial fauna as well as aquatic fauna.
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Predicted Impact mitigation for Aquatic Fauna
5.1.6.1 Fish entry in to the water conveyance system

All the projects except project numbers 09 & 10 identified and predicted the impact
mitigations which is done by placing Trash rack & fish screen at the mouth of the
intake. This had been constructed by all the Mini hydro Projects, although this has
not been mentioned in IEE report as a predicted impact. As per observation at the
site, this fine screen will not prevent small fish going through it.

The common faults which have to be considered during the design stage of the
screens are damaging mesh panels, damaging screen seals, screens that are not fully
seated, screens that have been removed to avoid clogging problems and screens that
are heavily clogged, which lead to velocity hot-spots where fish face the rise of
becoming impinged on the screens. These problems can be overcome with
appropriate design and by good maintenance that is backed up by monitoring and

enforcement. .

5.1.5.2 QSI‘%ﬁflg' tor-4n &L devwnistream

The mitigation of fish migration impact is to make a fish ladder. A fish ladder, also
known as a fish way, provides a detour route for migrating fish past a particular
obstruction on the river. Designs vary depending on the obstruction, river flow, and
species of fish affected, but the general principle is the same for all fish ladders: the
ladder contains a series of ascending pools that are reached by swimming against a
stream of water. Fish leap through the cascade of rushing water, rest in a pool, and
then repeat the process until they are out of the ladder. The survival of many fish

species depends on migrations up and down of the river.
The Project numbers 1 and 2 have identified this impact but it has been implemented

by only project number 02 which constructed a Project Fish ladder in keeping with

the requirement laid down by P.A.A.
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Remedial measures

During field study, It was found out that the designing of the fish ladder must be
improved for the fish ladder must be improved for the fish to survive when they
move through it. It may be suggested them a fish cover over the fish ladder may be
maid for the fish to travel freely without endangering their life., This is a key

requirement for all mini hydro projects to help the migration of aquatic fauna

5.1.7Predicted Impact Mitigation for terrestrial fauna

5.1.7.1Movement of Small terrestrial animals across the head race channel

The headrace cannel water travels very long distances and hence it passes through
small terrestrial animal crossing points. Therefore this impact is effect terrestrial
migration pattern as well as their habitats. The Projects number.7, 8, 10 and 12 have
identified this impact and predicted mitigation has been implemented. The predicted
mitigation measures are to build an over passes forever 100 m for the cleaned and
cover this with a concrete slab and in order to mimic the naturalness to the habitat to
cover the slab: grass-Jayer;

€3
Y

Remedial wigas

It may be suggested that if the open headrace channel travels on concrete columns as
in the figure 5.5, the small terrestrial animal can pass under the channel. Although it
is more costly than other models, it will reduces earth disturbance due to excavation

of the channel and the impact on the movement of terrestrial fauna.
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by all the projects However accordlng 10 the views of the villagers the noise level

control has not been implemented properly in few of the projects.

5.1.8.1 Noise Impact at Operation Stage

Predicted mitigation action was that the noise level at the Boundaries of the Project
site shall confirm to the levels stated in Schedule 1& 11 of National Environmental
(Noise control Regulations No. 01 of 1996).

5.1.8.2 Noise impact at Construction stage

Predicted mitigation action was that the noise level at the Boundaries of the Project
site shall confirm to the levels stated in Schedule Il of National Environmental
(Noise control Regulations No. 01 of 1996
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Implemented impact mitigation was that the noise has been controlled to standard
values at the boundaries by using construction of noise barriers such as sand bag

walls, green belt etc.
Remedial Measures

Position plant and machinery as far away as possible from noise sensitive areas.
Machinery should be suitable for the work to be carried out, properly maintained and
operated.

If the machine is stationary, fit an acoustic enclosure where necessary. Where
possible use mains electricity rather than a generator supply. Switch off all
equipment when not in use.

Try to keep the noisier work for the middle of the day. Quieter work is best kept for
the beginning or end of the day.

5 1 gTr nnnnnn + AfF Crriinmaoant and matarviale

&
This in c‘cq‘fvw dentified’ land bredictedCimpactimitigatioh r the following

different cateqc

5.1.9.1 Possible mass movement due to fluctuation and loosing of earth

The PP provides predicted mitigation as the mitigation slope stability should be
maintained and monitored continuously. The road has been constructed with well
slope stability. The slope stability check continuously prevents any mass movement

of the Project area. Only Project no.02 identified this impact.

5.1.9.2 Noise and dust formation during loading and unloading
Predicted impact has been identified by all the Projects except the Project no 09. All
the impact predicted that the PP should take necessary actions to Minimize

disturbance of noise and dust formation during the construction Periods. In other
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wards the work has to be done in a controlled manner prevent and minimize the

impact.
Remedial Measures suggested

Dust formation can be overcome by

Dampening of material.
Reducing drop heights where possible.

Protecting activities from wind, which can make the problem worse

Noise generation

- Loading and unloading must be done with controlling to minimize noise generation

- Loading and unloading can be carried out in a closed system or with sound barriers.
5.1.9.3 Fine dust blowing from open toped truck

The other Projects except Project nos. 3, 4, 5& 9 identified this impact as a predicted
impact and - IAt giveniicondition othatl e | loads, ‘must_belkcovered while loads
transportmﬁhls rmpact’ was-probably flows ' pajority ‘0f the Projects, but this
impact is nota key impact of the projects.

5.1.9.4 Generation of dust nuisance during dry season

This impact was identified by projects numbers.1, 2, 6, 8,11butothers did not
identified as an impact. It provided mitigation that during dry season exposed area
should be dampening by using water prevents generation of dust nuisance. The
predicted mitigation has been implemented by Projects nos.1, 2, 6, 8 &11.

Remedial measures

The dust nuisance during dry season can be prevented or avoided by providing

proper wind barrier in the area.
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5.1.9.5Heavy load movement (across the bridges and culvert and road as per the
limit of weight transport approval has to be taken)

This is not always an effective impact only a probable impact. This impact was
predicted by all the projects except projects no 4& 9.The predicted mitigation is that
heavy load transportation has to be done under the concurrence of Provincial Road

development Authority, Road development authority and Pradesiya Sabha.

5.1.10 Safety

5.1.10.1 Safety of road users and adjacent land occupants
This impact was predicted by Projects 1, 2, 8, 11& 12 and Predicted mitigation was
to prepare a safety procedure and follow up. (Predicted 42 %)

5.1.10. _

This in VMG edicted by Projects 1,2, 3,7,8;11& 12 and Predicted mitigation
was to 7‘re_r_3:§i'e fety progedure and. foll but I Jly with  Safety
regulati unde re were not herd

any accidents during Project construction and operation. (Predicted 58 %)
5.1.11Disposal of liquid and solid waste in to water bodies

This impact was identified by Projects nos. 1,2,4,5,6,8,10,11 &12. As the mitigation
measures the pp should be prepared for solid and liquid waste management plan and

it must be approved by PAA. The approved plan must be followed by the PP.

5.1.12 Spoil Materials (soil & Rock etc) removal during excavation and surface
preparation

This impact was used as the predicted environmental impact by all the project except
projects no 8,9&10.The predicted mitigation was that the PP must use spoil
materials for site leveling, and back filling purposes. Also, the post constructed un-
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usable materials should be disposed with consultation with PS. The records obtained
show that few projects has violated this impact mitigation as shown in figure 5.6.

F d S \
. 4\
3 TTﬂit raﬁoiﬁ |5 A oo el anl-a

Figure 5. 6 —Spon Roeke'heap linlthé ¥iver bank

5.1.13Transformer Oil Discharge in to water bodies

This impact was identified by projects nos. 6, 7, 11& 12 and implemented mitigation

is that oil must be collected, pumped or disposed in to an approved dump site.
5.1.14 Sewage or any liquid effluent discharge from dwelling and camp site.
This impact was identified by projects nos. 6, 7, 11& 12 and implemented mitigation

is that sewage or liquid be collected in to a bin and dump it in to an approved

dumpsite.
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5.1.15Solid waste stagnate within the premises

The impact was identified by projects nos. 1, 2, 4, 7, 11& 12 and implemented
mitigation is that solid waste must be disposed with consultation with Pradesiya
Sabha (PS).

5.1.16Sanitation facilities for the workers

The impact was identified by projects nos. 1, 2, 4, 5 & 8 and mitigation was that pp
should be providing the proper sanitation facilities. The PPs had provided toilet and

sanitation facilities for the workers

5.1.17Sediment
5.1.17.1 Sediment accumulation at the weir site

A particle can be transported in the discharge both as bed load and as suspended
matter. An exact delimitation is not possible, as the influence in particular the flow
velocity - ggnabe very different’ according to the discharge CHaracter. The particles
that flow through the river, are deposited at the weir due to slowdown of the flow
velocity at the weir. The deposited fine particles must be removed to prevent change
of pond capacity. The impact was identified by projects nos. 1, 2, 5, 6, 7, 8, 10, 11&
12 and the implemented mitigation is the flushing of sediment should be carried out

frequently prevent sludge accumulation .
5.1.17.2 Sediment accumulate in settling tank

The water drawn from the river and fed to the turbine will usually carry a suspension
of small particles. This sediment will be composed of hard abrasive materials such as
sand which can cause extensive damage and rapid wear to turbine runners. To
remove this material the water flow must be slowed down in settling basins so that
the silt particles will settle on the basin floor. The deposit formed is then periodically

flushed away.
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From the size of the smallest particle allowed into the penstock the maximum speed
of the water in the settling basin can be calculated as the slower the water flows the
lower the carrying capacity of the water for particles. The water speed in the settling
basin can be slowed down by increasing the cross section area of the channel. For
each maximum size of the particles the optimum size of the settling tank can be
calculated. The impact was identified by projects nos. 1, 2, 5, 6, 7, 8, 11& 12 and
implemented mitigation is Collected the sediment and dump them PS approved dump

site
5.1.18 Sociological Impacts

5.1.18.1 Resettlement of People

Any person, who as a result of the implementation of the Project, loses the right to
own, use, or otherwise benefit from a built structure, land (residential,
agricultural, pasture or undeveloped/unused land), annual or perennial crops and
trees, or &gy other fiNackor imovealld asset; eitherdmifllhorlin part, permanently or
temporar% ot &l RAPTI@Ed tolmos due totheRiojectIPAP may include:

- Physttally Displacéd-Baoh i~ People subject to physical displacement.
- Economically Displaced People - People subject to economic

displacement.

Physical Displacement
Loss of shelter and assets resulting from the acquisition of land associated with the
project that requires the affected person(s) to move to another location. The
mitigation measures were identified as Compensation or Payment in cash or in kind
at replacement value for an asset or a resource that is acquired or affected by the
Project at the time the assets need to be replaced. The impact was identified by
projects nos. 1&2 and implemented mitigation is compensation or move to
predetermined locations. Other projects do not discuss this impact due to it being

inapplicable to other Projects.

87



Discussion

5.18.2 Flood & land slid effect during construction and operation

Landslides occur when the stability of a slope changes from a stable to an unstable
condition. A change in the stability of a slope can be caused by a number of factors,
acting together or alone .Natural causes of landslides include, groundwater pressure
acting to destabilize the slope, erosion of the toe of a slope by rivers or weakening of
a slope through adding loads to barely stable slope, absence of vertical vegetative

structure, soil nutrients and soil structures.

Landslides are aggravated by human activities which can be deforestation,
cultivation and construction. Main human causes are vibrations from machinery,
blasting, earthwork which alters the shape of a slope, removal of deep rooted

vegetation and construction.

Floodir\n nf tho lanA far Mini Hyvdrn Dawwar hae an aviraman an\lirnnrnental Impact it

destroys forést, |ife habitati agriciNiurahland;;anth scdnioarad
=
The pr( ¥ me*‘ AN maactira HAte- ATt e minlmized by

preventing the adverse impact caused by the above activities and actions be taken to
minimize the damage to the peoples by establishing a possible warning system and
also implement remedies to minimum damages. Damages could be recovered by
paying compensation. This impact is discussed in project ct nos. 1, 2, 4, 6, 7, 8, 11
and 12.

5.1.18.3 Timely water release or irrigation water management

Water management is an important element of irrigated crop production. Efficient
irrigation systems and water management practices can help maintain farm
profitability in an era of limited, higher cost water supplies. Efficient water
management may also reduce the impact of irrigated production on offsite water

quantity and quality. However, measures to increase water-use efficiency may not be
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sufficient to achieve environmental goals in the absence of other adjustments within
the irrigated sector. As often the case, technology is not the whole solution
anywhere, but it is part of the solution almost everywhere. This impact is discussed

in Project n0.01& 02 only.
5.1.18.4 Impact on stream bathing families

The upstream and downstream water quality was not affected by hydropower
generation. Therefore, impact on bathing is occurred between intake and tailrace of
the Power House. This effect can be minimized by selecting a shorter distance
between them as in Project numbers 01 and 02Projects numbers 1,2 and 5which
identified this impacts. The mitigation measures was that the PP provides proper
bathing facilities as per the no of lost places. . The projects numbers. 01 & No.02
implemented mitigation measures by constructing bathing places with cemented
steps for bathing purposes.

As per _ ponent had not

constru J,ga@. number “of“bathing pfaces. This" part has"t missed by the

o/

monitoring ¢efmn
5.1.18.5 Donation to development work in the village

This is a PP proposed impact and this was implemented only by the number 2
Project. But, this is a good proposal to improve the living condition of the villagers

and prevent un-necessary protest against Mini Hydro projects.
5.1.19 Fire safety

The Power House should have proper Fire fighting system to prevent fire impact
which can be due to leakage of current or any other disaster. The PAA has given
impact mitigation to PP It shall provide and maintained fire fighting system to a
proper manner. All the projects predicted this impact and implemented the predicted

mitigation.

89



Discussion

5.2 Observed Issues regarding the construction activities by the Monitoring
committee reports

5.2.1 Project Number 04

Small soil erosion was observed in the area due to an opening on the ground slope
and surface water flow during the rainy days.

The Project had constructed the base wall Retention structure which was for
maintained properly

Cracks were observed nearby houses of villagers and according to NBRO
observation, the project work activity has not been effect for crack

PP had not been taken safety precaution for vertical bank built on earlier created side
of channel and penstock path during construction.

Temporary hut has been constructed at the Power House area

5.2.2 Project Number -07

Few landslides had occurred due to loose soil movement and poor construction
Practices.

Fore bay Ioﬁé}?bn was shifted,from initialed approved point

Heavy floddnﬁéd occurred during operation Phase and it caused damaged to Power

plant with sliding of loose soil surrounding the Power plant.
5.2.3Project Number —-08

Considerable soil erosion was observed in the area.
The Public staged a protest against the PP when a crack occurred on house during
blasting activities.

5.2.4 Project Number — 10

- The excavated soil was heaped on the slope of the earth which could enhance soil

erosion and silt deposit in the riverbed.
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5.2.5 Project Number — 12

Boulders and soil heaped on right hand side of the river bank without considering
mitigation actions.

Two land slid were observed along the channel path after excavation activities

There were cracks in wall and ground floor of two houses due to the blasting
activities.

NBRO recommended the soil nail methods for stabilizing the slope of soil.

There were public complaints against the projects activities.

Electronic Thescs & Dis
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Figure 5.7 - Ground earth surface disturbance and violation conditions
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5.3 Environmental Monitoring Weakness Identified

It is one of the most important components of IEE /EIA and it will used to ensure
that

Impacts do not exceed the established legal standards

Checking the implementation of Mitigation measures

Providing early warning of potential Environmental damage

5.3.1 Types of Monitoring

5.3.1.1 Baseline Monitoring- A survey has to be conducted before construction
begins and this survey should be conducted on basic environmental parameters in the
area surrounding the proposed project before construction begins. Subsequent
monitoring can assess the changes in those parameters over time, against the
baseline. As per the project Proponent and Project Approving agencies, all the
project has been done prefeasibility studies and baseline monitoring was conducted
by the PP and they have reported the basic environmental parameters. But in the case
someth : ttern have been
obtaine %mmt levarit-autherized institutes

‘K‘w ¥

53.1.2

The physical, biological, socio-economic, and cultural parameters within the project
area must be measured during the period of project construction and operation in
order to detect environmental changes, which may have occurred as a result of
project implementation. This part of monitoring has been done by the Scoping
committee at the scoping process. Impact prediction of this monitoring process is

based on the views and comments of the stakeholder institutions

According to the questionnaire results scoping committee of every project has
conducts at least one field surveying to identify environmental, social & cultural

impacts.

92



Discussion

5.3.1.3 Compliance Monitoring

This is the periodic or continuous recording of specific environmental quality
indicator or pollution levels to ensure project compliance with recommended
protection standards. The main aim of EIA compliance monitoring is to provide the
information required to ensure that project implementation has the least possible
negative environmental impacts, and all possible positive impacts, in the project
affected area. The main aim of EIA compliance monitoring is to provide the
information required to ensure that project implementation has the least possible
negative environmental impacts and all possible positive impacts, in the project
affected area [9]

These types of Monitoring have been done for the air pollution, Water quality and
noise & vibration pollution in the Projects. Water Quality analysis has not been done

any of the projects during three stages of pre-construction, construction & operation

stages. _ ve of the twelve
Projects tygk;gg analysis wHich 15 an Tmportant pheromenon to determine the
damage has noi | lone any projects it is pt je of the village
houses and an ts. Air pollution

analysis is not much effective in the Mini Hydro projects, because all the projects are
done small scale and the using heavy machinery to minimum for the projects none of
the project had done pollution analysis, but they had taken but they had taken

preventive action for the impact.

According to the experienced and literature survey during the research the following

issues arising for ineffective monitoring process of the every project.

1. Lack of fund allocation for the project activities is one of reason. The
schedule monitoring process requires visits many times. The PAA should
arrange meals and accommodation facilities when the monitoring committee
has to travel long distance to visit the project. But there is a limitation on the

administrative charge available to the PAA. If we increased the

93



Conside
monitol
taken t

must be

Discussion

administrative charge it is a burden to the PP. It becomes burden to the PP. It
discourages the PP.

Lack of staff available in the Environment cell of Project Approving agencies
has a tremendous effect for the weakening of Environmental Monitoring

Process.

Lack of capacity building of officers is effective reason for weak monitoring
process.

The monitoring process is not properly scheduled and not allocating time for
monitoring process is weakening few projects,

The appointed monitoring committee members do not have sufficient
background knowledge of the Project, and therefore they are unable to
monitor exactly with the baseline conditions. The committee members cannot

spend lot of time in the monitoring process.

e proposed the
JﬁEeQL ons and guideline has to be'revised. In“addition actions has to be
ppeint g yment Programs

The monitoring committee must be appointed from the people who have lived for a

long pe

riod in the village. Then massage can be sent to the Monitoring Committee of

the PP violates violate regulation mitigation Process. The process at the monitoring is

done by P.P they may be able to identify the issues related any protest, and complaint

against

the PP. But this is a not a practical solution, and we must take necessary

action to prevent social, cultural and Environmental impacts.

5.4 Environmental Impact Identification Methodologies Used and Issues

There are many types of EIA methods. But, only the most suitable methods but only

the most suitable methods for Mini Hydro Projects such as checklist, Matrixes,

Networ

k and expert opinion methods have been discussed. The selected projects
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were categorized according to their impact identification methodologies. This is
shown in table 4.3.

. The impact analyses of twelve projects indicate that the Predicted impact was
missing in some project sand this may have been due to poor usage of EIA the

methodologies,

Several activities are required to conduct an environmental impact study including
identified impact, preparation of description of the affected environmental impact
prediction and assessment and selection of the proposed action from a set of
alternatives being evaluated to meet identified needs. There are eighteen EIA
methods and they have been arranged against seven activities in the Table3.1. The

each of the methods has advantage and limitation.
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Table 5.1 Type of Methods used in EIA activities

Discussion

Define Impact Described Impact Impact Decision | Communication
Issues . Affected e X
_ Scoping) Identification | - o o | Prediction | assessment | Making | of Results
Types of Methods in EIA (
1 | Analogs(Case studies) X X X X
Checklists X % X
2 | (Simple, descriptive, Questionnaire )
Decision focus checklist X X X
3 | (MCDM:MAUM:DA: Scaling: weight)
Expert opinions(professional judgment,
Delphi, adoptive, environment X X X
4 | assessment, simulation, modeling)
Expgrt _Systems(lmpact |dept_|f|cat|on_ % X % N % N
5 | prediction, assessment, decision making
6 | Laboratory testing scale model X X
7 | Literature reviews : X
8 | Matrices (simple, stepped, sgor’%g) % X X X X
9 | Monitoring (baseline ) ' - X X
10 | Monitoring (field studies of‘ahét'ogs) X X
11 | Networks X X X
12 | Overlay mapping(GIS) X X X X
13 | Photographs and Photo montages X X X
14 | Qualitative modeling X X
15 | Quantitative modeling X X
16 | Risk Assessment X X X X X
17 | Scenarios X X
18 | Trend Extrapolation X X

X- Potential for direct usage direct usage of method for listed activity
MCDM - Multi criteria Decision Making MAUM - Multi Distribute utility Measurement
DA.- Decision Analysis GIS - Geographical Information System
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The checklists method lists local environmental factors, which are likely to be affected
where a development is planned. This list can contain broad categories of factors as
flora, fauna, hydrological regimes, surface water bodies and the atmosphere. These
methods can be categorized again as Simple, Questionnaire and quantitative. The typical

checklist developed for mini Hydro Power is shown in table 5.1

Table 5.2 — Sample Checklist for a Mini Hydro Power Projects.

g 8 |8
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No | Environmental Impact a |z ks o S

A Precom‘“sl"&jction Stage

1 | Resetttément of People

2 | loss of bathing places

3 | Removal of vegetation

B | Construction Stage

4 Soil erosion

5 | Land sliding

6 | Water quality

7 | Noise Impact

8 | Vibration Impact

9 | Safety impact
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10 | Solid waste Generation
11 | Sedimentation

12 | Air pollution

13 [ Change in Land Pattern

14 | Liquid waste generation

15 | Removal of vegetation

16 | Human Health

17 | impact on cultural location
18 | Change of drainage Pattern
19 [ impact on aquatic Fauna
20 | Impact on Terrestrial fauna
21 | Impact on Terrestrial flora
22 Infl‘asﬁil:éture de\eloproent
23 [Lostor

24 | Inundation of properties

C | Operation Stage

24 | Inundation properties

25 | Water Eutrification

26 | Fish Migration

27 | Aquatic flora & fauna

28 | Terrestrial Flora & Fauna
29 | Siltation
30 | Air pollution
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31 | Noise pollution

32 | Job opportunity

33 | Recreation and tourism potential

Impact of all the projects were identified by answering questionnaires provided by the
Project Approving Agencies. Hence, in all the project Impact has identified using
questionnaire type checklist methods none of the projects has quantified possible

impacts.

The matrix consists of a horizontal list of development activities displayed against a
vertical list of environmental factors. The matrix is used to identify impacts by
systematically checking each development activity against each environmental
parameter. This types of impact analysis is for detailed impact analysis of project. This
is essentially used for large and complex projects, but it can also be used for Mini Hydro

Project impact?f‘i{jentification. Aldgveloped-matrixisisown befowin table 5.2

The network“é_iﬁélysis is.complicatedand identified impacts inter connections. However,
in practice it can be applied by considering secondary and more impacts of the each

activities.
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Table 5.3 — Sample Matrix for the Mini Hydro Project
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Conclusion and Recommendation

6.0 Conclusion and Recommendations

6.1 Conclusion

The research observed that the exact gap between predicted impact and the implemented
impact is cannot be analysis because, the given predicted impact did not apply to the
projects at any time. However it is responsibility of PAA and scoping committee to
predict the exact impact. It was observed that the IEE report does not mentioned
methods of exact identification. This is a weakness of submission IEE report as well as
Term of Reference (TOR). TOR should be laid down the condition that the method of
impact identification should be included in the IEE report. All the projects taken to
research have neglected the monitoring process and which is an important part of IEE

and EIA. The Environmental Monitoring process is not compressive and PP had violated

mltlgatl(\n ac \waoll ac tha ~anAditinne ctintilatad hv the DA A Honep l\/lr)nltorlng process

must be 1oy impleraent 0f Rrédicted mitigatiofs satisfadtor
&
=)
The IEE reéperts of all'the- thvelVal Profects similar to other

countries like india. Sri Lanka must have proper stand guide iine to be followed by Mini
hydro Project

As per the studies, the Mini Hydro Projects have to face challenge such as heavy flood,
blasting hazards, Landslides and soil erosion. These challenges can be overcome by

proper planning and management.
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Conclusion and Recommendation

6.2 Recommendations
As per the results of this research following recommendations were made.

1. Selection of scoping committee members has to be improved because some
stakeholders were missing while selecting Scoping committee members.

2. Monitoring committee must be appointed from stakeholders and subject
experts.

3. The benefits for the villagers have to be satisfactory level in order to prevent
un-necessary delay of projects due to protest by the Villagers.

4. The Project proponent should analyze the environment and social damage
which may cause by the implementation of the Project and they must take

precautions to overcome or minimized.

5. Standard guideline must be prepared to Mini hydro projects and it must be
include conditions and procedure applicable t all part of Sri Lanka.

6. Attga;t_i'on must be paid, mosthy far E flow designing, Blasting process of the
projects, in order to meet the disaster situation blasting procedure and hazard
preventive methods must be laid down. Insurance policy also should be

introduced.
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