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CHAPTER -2

EIA METHODOLOGIES

2.1 Criteria for selection of EIA Methods

I.

General
a) Simplicity:

The methodology should be simple so that the available manpower with limited
background knowledge can grasp and adopt it without much difficulty.

b) Manpower time and budget constraints:

The methodology should be applied by a small group with a limited budget and
under time constraints.

¢) Flexibility:

The methodology should be flexible enough to allow for necessary modifications
and changes through the course of the study.

Impact Identification

a) Comprehensiveness:

The methodology should be sufficiently comprehensive to contain all possible
options and alternatives and should give enough information on them to facilitate proper
decision-making.

b) Specificity:

The methodology should identify specific parameters on which there would be
significant impacts.

¢) Isolation of project impacts:

The methodology should suggest procedures for identifying project impacts as
distinguished from future environmental changes produced by other causes.




d) Timing and duration:

The methodology should be able to identify accurately the location and extent of
the impacts on a temporal scale.

Impact measurement
a) Commensurate units:

It should have a commensurate set of units so that comparison can be made
between alternatives and criteria.

b) Explicit indicators:

It should suggest specific and measurable indicators to be used to qualify impacts
on the relevant environmental parameters.

¢) Magnitude:

It should provide for the measurement of impact magnitude, defined as the degree
of extensiveness of scale of the impact, as distinct from impact importance, defined as the
weighing of the degree of significance of the impact.

d) Objective criteria:

It should be based on objective criteria and the criteria should be stated explicitly.

Impact interpretation and Evaluation
a) Significance:

The methodology should be able to assess the significance of measured impacts
on a local, regional and national scale.

b) Explicit Criteria:

The criteria and assumptions employed to determine impact significance should
be explicitly stated.

¢) Portrayal of “with” and “with out” situation:

The methodology should be able to aggregate the vast amounts of information and
raw input data.




d) Uncertainty:

Uncertainty of possible impacts is a very real problem in environmental impact
assessment. The methodology should be able to take this aspect into account.

e) Risk:

The methodology should identify impacts that have low probability of occurrence
but a high potential for damage and loss.

f) Depth of analysis:

The conclusions derived from the methodology should be able to provide
sufficient depth of analysis and instill confidence in the users, including the general
public.

g) Alternative comparison:

It should provide a sufficiently detailed and complete comparison of the various
alternatives readily available for the project under study.

f) Public involvement:

The methodology should suggest a mechanism for public involvement in the
interpretation of impacts and their significance.

Impact Communication
a) Affected parties:

The methodology should provide a mechanism for linking impacts to specific
effected geographical or social groups.

b) Setting description:

It should be provide a description of the project setting to aid the users in
developing an adequately comprehensive overall perspective.

¢) Summary format:

It should provide the results of the impact analysis summarized in a format that
will give the user, who range from the lay public to the decision makers, sufficient details
to understand it and have confidence in its assessment.




d) Key issues:

It should provide a format for highlighting the key issues and impacts identified in
the analysis.

e) Compliance:

One of the most important factors in choosing a methodology is whether it is able
to comply with the terms of reference established by the controlling agency.

2.2 Objectives of Methodologies
O Understand the nature and location of the project and possible alternatives
O Identify factors of analysis and assessment objectives
Preliminary identification of impacts and scoping
Baseline studies and evolution in the absence of projects
Prediction and assessment of impacts and alternatives comparison

Mitigation of impacts management.

2.3 Requirements of EIA Methodologies

The EIA Practitioner faces vast varieties of raw and unorganized information that must be
collected and analyzed in preparation of an EIA report.

The best methods should be able to
= QOrganize a large mass of heterogeneous data
Allow summarization of data
Aggregate the data into smaller sets with least loss of information
Display the raw data and the derived information in a direct and relevant fashion

Target audience should also be considered (if not educated use color codes, size etc.)




2.3.1 EIA Methodology Evaluation

Table 2.1 Summary of current EIA methodology evaluation.
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2.4 Major Methodologies for EIA

The methodologies can be broadly divided into five types on the basis of impact identification
strength.

Adhoc methods

Matrices methods

Network methods

Overlays methods

Environmental index using factor analysis

Cost/benefit analysis




2.4.1. Adhoc Method

Ad hoc methods indicate broad areas of possible impacts by listing composite environmental
parameters (Ex: flora and fauna) likely to be affected by the proposed activity. These methods
involve assembling a team of specialists who identify impacts in their area of expertise. Here,
each parameter is considered separately and the natures of impacts (long term or short term,
reversible or irreversible) are considered. These methods give a rough assessment of total impact
while giving the broad areas and the general nature of possible impacts. In this method, the
assessor relies on an intuitive approach and makes a broad-based qualitative assessment. This
method serves as a preliminary assessment and helps in identification of important areas like:

Wildlife

Endangered species
Natural vegetation
Exotic vegetation
Grazing

Social characteristics
Natural drainage
Groundwater

Noise

1.
2.
3.
4.
S.
6.
7.
8.
9.

[y
(=]

. Air quality

. Visual description and services
. Open space

. Recreation

. Health and safety

. Economic values and

. Public facilities

e
SN N A W N -

Types of Ad hoc method are:

a) Opinion poll
b) Expert opinion and
c) Delphi methods

This method is very simple and can be performed without any training. It does not involve
any relative weighting or any cause-effect relationship. It provides minimal guidance for
impact analysis while suggesting broad areas for possible impacts. Moreover, it does not
even state the actual impacts on specific parameters that will be affected.




The drawbacks of this method are listed below:

It gives no assurance that a comprehensive set of all relevant impacts have been studied.
Analysis using this method lacks consistency as it different criteria are selectively
evaluated by different groups.

It is blatantly inefficient as it requires a considerable effort to identify and assemble a
panel for each assessment.

Example

EIA Study for High way Construction Project

Impact Area | Positive | Negative | Advers | Bene Reversible | Irreversible
Effect Effect €& ficial
Aildlife *
Endangered
species

*

MNatural
vegetation
Exoti

tatiom

o
=
-+ B
(gl
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w |
m
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Grazing

(¥
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)
-4
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characterst
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dezcription
and services

Openspace

Fecreation

Health and
safety
Paved
Surface
Public
facibties
Public
amenities
Employment
Oppornitis
3




2.4.2. Matrices Method

This methodology provides a framework of interaction of different activities of a project with
potential environmental impacts caused by them. A simple interaction matrix is formed when project
actions are listed on one axis (usually vertical) and environmental impacts are listed along the other
axis. This technique was pioneered by Leopold et al in 1971. It lists about 100 project actions and
about 88 environmental characteristics and conditions. An example of this matrix is shown below:

t. L, Resource "'.
ation and construction Exhraciion

Importance of Matrices

O Matrices are two dimensional tables.

O These facilitate the identification of impacts arising from the interaction between project

activities and specific environmental components.

The entries of the cell of the matrix can be either qualitative or quantitative estimates of
impact.




i) Simple Matrix

Simple environmental impact matrix for the Phoenix Pulp Mill (source: Lohani and Halim_ 1983).

Project Activities

Savironmental Use of Transport of
Components Plant Farming of Pesticide Raw Water Solid Effluent Emissions Employ-

Construction Kenaf - , Intake  Waste  Discharge ment
Fertilizer Materials

Surface Water Quality
Surface Water Hydrology
Aur Quality

Fisheries

Terrestrial Wildife Habitat
Terrestnial Wildlife

Land Use Pattern
Highways/Railways
Water Supply

Aarculturs

Housing

Health

Socioeconomic

ii) Leopold Matrices
O Identify all actions that are part of the proposed project

O Under the each of the proposed actions, place a slash at the inter-section with each item
on the side of the matrix if an impact is possible.

b

|

O In the upper left hand corner of each box with a slash, place a number from 1 to 10 which
indicates the MAGNITUDE of the possible impact.




10 represent the greatest magnitude of impact.

1 is the least magnitude of impact (no zeroes).

Before each number place + (if the impact would be beneficial).

In the lower right hand corner of the box place a number from 1 to 10 which indicates the
IMPORT ANCE of the possible impact (Eg. Regional vs. Local).

10 represents the greatest importance and 1 the least (no zeroes).

b

+5

Methodology - Leopold matrix definitions

NUMBER

MAGNITUDE

DEANITION

SIGNIRCANCE | DERMNITION

Grest

The impact is predicted to have 2
long term paositive effect on the
environment on = globa! scsle

Major

The impact is predicted to provide 3
leading advanizge to the
environment and the community

Moderate

The impact is
positive i

Slight

£ environment

MNegligible

sfined to have 2

Negligible

The impact is minor with a short-
term effect on the local
environment without changes to
the distribution or status of the
Species.

The impact is identified a5 mild,
shor-tarm and reversible without
changing oversll integrity of the
natural habitat and the community

The identifiad impacts are
predicted to rasult in = primary
change to the environment with 2
long term effact

Catastrophic

The impact i= prediczed o results in
an adverse and imeversible effect
on a global scale

Great Impact of oross-border character

Major impact of national character

Moderate impact of regional characer

Shight Impact of impartance for municipality

Limited impact on locstion

Negiigible

PROBABILITY | DEFINITION

Impact s cermin (100% probability)

NUMEER
—
3
2

Impact is probabis (probability of over 50%)

==

Impact is possible (probabifity of less than 50%)

DURATION | DEFINITION

Long-term/Permanent

Occasional/temporary




Advantages:

1. The matrix method is that it links action to impact
2. This is a very good method for displaying EIA result.

Disadvantages:

o It is difficult to distinguish between direct and indirect impacts using this method.

o There is potential for double-counting of impacts.

o Itis qualitative in nature and does not refer to quantity of impact.

2.4.3. Network Method

This method uses the matrix approach and extends it to include both the primary as
well as the secondary impacts.

It is shown in the form of a tree called impact tree. This diagram is also called as
reference or sequence diagram.

Identification of direct, indirect along with short, long term impact is a crucial and
basic step of making an impact tree.

The impact tree is used to identify cause-effect linkages.
The impact tree is a visual description of linkages.

Network Model

roject activities
i PR AEEN

Impacts .
secondary Torkavy

| s W
s NN

i P
mesnane TS

—
iy S—

Components of activities

Conceptual model of impact networks.




Example

Corrosive

Plant Generation of action and
*Lonstruction dust and l slructures
particulate matter
| Particulate matter |

Air Public
i health
pollution hazard

Discharge Increased i
Unsuitabl
of gases turbidity ?c]:r i

of water vegelation
Paper Operation and -

production maintenance of Discharge ] Water Effect on
plant of chemicals| pollution fisheries

b

Effect on
.| Discharge of Leachate in domestic
"l salid water ground wate ater supply

I Land _Effgcl on
1 rrigation and

pollution other uses

Employment Improved

I———-b generalion quality of life

Kenaf Fertilizer
farming runoff

Solil
erosion

——

Network of pulpmill impacts.

Advantages:

= [t links action to impact.

= [t is useful to check second order impacts in a simplified form.

= ]t handles direct and indirect impacts.

Disadvantages:

= ]t becomes overly complex if used beyond simplified version.

= [t is completely qualitative in nature.




2.4.4. Overlays Method

Overlay methods involve preparation of a set of transparent maps, which represent
the spatial distribution of environmental characteristics (e.g., Extent of dense forest
area).

Information on wide range of variables will be collected for standard geographical
units within the study area which will be recorded on series of maps typically one for
each variable.

These maps will be overlaid to produce a composite.

The resulting composite maps characterize the area's physical, social, ecological, land
use and other relevant characteristics relative to the location of the proposed
development.

To evaluate the degree of associated impacts many project alternatives can be located
on the final map and validity of the assessment will be related to the type and number
of parameters chosen.

CoimpaEsile
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Fig. 2.8 Presamrtation of amay of variables in overlay method
Source; Walherm 1988

Normally to have some clarity the number of parameters that can be over layed in a
transparency map is limited to 10.

These methods are widely used for assessing visually the changes in the landscape
before and after the activity.

Secondly it can be used for preparing combined mapping with an analysis of sensitive
areas or ecological carrying capacity.




As these methods are spatially oriented they can very clearly show the spatial aspects
of cumulative impacts.

. These maps are overlaid to produce a composite characterization of the regional
environment.

. Impacts are identified by noting the impacted environmental characteristics lying
within the project boundaries.

. The approach seems most useful as a method of screening alternative project sites or
routes, before detailed impact analysis.

. Overlays can be useful for industrial EIA of any project for comparing land
capabilities existing and projected land uses, road route alternatives and other under
parameters, and alternative levels of air quality conditions along with pollution
control.

Advantages:

e It is easy to understand and use
e It has a good display
e Itis good for setting site selection

Disadvantages

P The overlay method can accommodate both qualitative and quantitative data.

P The weakness of the overlay method is that it is only moderate comprehensive, because
there is no mechanism that requires consideration of all potential impacts.

There is no provision for quantification and measurement of the impacts nor is it assured
that all impacts will be covered.

The overlay approach is generally effective for selecting alternatives and identifying
certain types of impacts; however, it cannot be used to quantify impacts to identify
secondary and tertiary interrelationships.




. Cost — Benefit Analysis (CBA)

Cost benefit analysis is a systematic process for identifying, valuing and comparing
costs and benefits of a project.

It is a systematic approach to estimate the strengths and weakness of alternatives (for
ex. In transactions, activities, functional business requirements or project
investments)

It is used to determine options that provide the best approach to achieve benefits
while preserving savings.

CBA is a standard tool for evaluating the economic analysis or trade of analysis,
investment of development projects.

Economic analysis takes into account the opportunity costs of resources employed
and attempts to measure in monetary terms the private and social costs and benefits of
a project to the community or economy.

CBA Purposes
Broadly CBA has two main purposes

1. To determine if an investment/decision is sound (justification or feasibility) verifying
whether its benefits outweigh the costs, and by how much.

To provide a basis for comparing projects which involves comparing the total expected
cost of each option against its total expected benefits.

CBA Process:

P Define the goals and objectives of the activities.

List alternate projects /programs.

List stakeholders.

Select measurement and measure all cost/benefit elements.
Predict outcome of cost and benefits over relevant time period.
Convert all costs and benefits into a common currency.

Apply discount rate.

Calculate net present value of project options.




P Perform sensitivity analysis to identifying the key variables that are major influence in
the cost and benefits of the project.

» Adopt recommended choice.

**Cost Benefit analysis is carried out for the selected EIA report

P The cost-benefit analysis of the highway road project enables to make a comparison of
the individual-projects and give priority to the competing projects on a monetary basis.

P The Road Authority and Transport Department must use the available resources
efficiently, keeping in mind the welfare of the environment and its inhabitants.

P Provision for service roads/alternate road connectivity, two-laning/ four-laning/ six-
laning, riding quality, bypasses and over-bridges, bridges amenities. Based on these
factors, the investment needs can be calculated.

Example:
Highway Road Authority

The road authority costs include

e Expenditure involved in the construction and maintenance of roads.

e Acquiring the land from the land owners and providing appropriate compensation,
expenses incurred in setting up fences and land scaping .

e Construction of noise barriers to reduce the sound entering the residential locality by
absorbing, transmitting or reflecting the sound.

Highway Cost Components

1. Agency Cost
This includes the expenses incurred by the government or private agency for
construction and maintenance of highway roads.
a) Construction cost includes
Expenses incurred in surveying, planning and designing.
Purchasing land from the land owners to lay road.
Construction of road.
Installation of electrical poles, traffic control equipment.
Administrative cost involved in supervising the traffic.

b) Maintenance cost includes
o Periodic repair of the damaged roads.




o Relocation and rehabilitation of the displaced people .
o Expenses incurred in maintaining and operating the traffic related equipment.

User Cost

This includes the cost incurred in vehicle operation and cost due to the unavoidable
accidents, cost incurred in vehicle operation, fuel, spare parts, wear out of the tires
,lubricants, registration charges ,insurance expenses, road tax and road permit tax etc.

Benefit components of highway road

» A well maintained highway road provides efficient and safe transportation to the road
users.

P The benefits include saving in travel time.

P Improvement in health, education, agriculture, industry trade and various other fields.
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CHAPTER 3

Prediction and Assessment of Impacts on
Soil and Ground Water Environment

3.1 Introduction

Almost evcry type of action or project can produce changes on the surroundings of the land.
Some actions and projects will have direct effect. while others may induce changes or have

secondary impacts. The assessment of potential land-usc impacts should be comprehensive
covering characteristics of the project.

3.2 Soils and Groundwater

The integrity of soils and groundwater can be altered by a variety of physical disturbances,
including the addition/removal of soil and/or water, compaction of soil. changes in use of
land or ground cover, changes in water hydrology, changes in climate (temperature, rainfall.
wind), and the addition or removal of substances or heat (for example, discharge of effluents
into groundwater, discharge of eftluents or disposal of waste onto land. leaching of
contaminants into groundwater. changes in quality of surface water, and deposition of air
pollutants on land). The effects of these vary from first order effects of leaching into soil
and groundwater to changes in groundwater regime. soil structure (including erosion and

subsidence). soil quality or temperature. and groundwater quality or temperature.
A summary of these effects is presented in Fig. 3.1,

3.3 Methodology for the Prediction and Assessment of Impacts on
Soil and Groundwater

To provide a basis for addressing soil and/or groundwater environment impacts. a model is
suggested. which connects seven activities or steps for planning and conducting impact
studies. Fig. 3.2. In analyzing environmental impacts, both objective and subjective
judgments should be taken into consideration. Objective judgments are defined as “those,
which involve or use facts that are observable or verifiable especially by scientific methods
and which do not depend on personal reflections. feelings, or prejudices “subjective
judgments are those which are made on the basis of values, feelings and beliefs". In the

context of the environment the objective judgment describes the impact where-as subjective
judgment describes how people feel about the “fact’,
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Step 1: Delineation of study area

v

Identification of activities of the project, which will have

Step2: different types of impacts on soil and/or groundwater
quantity
Step 3: Preparation of description of existing soil and/or

groundwater resource condition

Y

Step d: Procurement of relevant soil and/or groundwater
quantity/quality standards

v

Step5: | Impact prediction for soil and/or aroundwater environment
Step 6: Assessment of impact significance
Step7: Identification and incorporation of mitigation measures

Fig. 3.2 Systematic approach for the study of impacts on soil and ground water.

3.3.1 Delineation of Study Area

The delineation of the study area for impact assessment will be very specific based on
presence of potential impacts. The study area should reflect the full reach of possible effects
within the particular impact discipline that is being considered.

The proposed or future land-use map along with committed land-use policies, zoning,
and development projects should be included in the study area.

The map should clearly distinguish between developed and undeveloped land. Categories
shown on land-use map, should be

- Residential

- Commercial and industrial

- Institutional and parks or recreation
- Non-urban mixed

The map could include further divisions, such as separate commercial and industrial
activity centers and public vacant lands. The categories to be used will depend largely on the

type of project or action being evaluated, the characteristics of the local land area, and the
geographic extent of the affected study area.



98

Environmental Impact Assessment Methodologies

3.3.2 Identification of Activities, Which Will Have Different Types of Impacts

on Soil and/or Groundwater Quantity - Quality

Direct Land-Use Impacts on Land

I.

6.

Landforms : Unique or important physical features that have special importance, as
recreational educational or scientific interests may be present in the project area.
They may be unique locally or unique in a larger area. Examples are rock out crops,
river gorges. sandy beaches, and lagoons. Such features may also influence local
climate.

Soil profile ;: The soil profile is related to the chemical and physical nature of the soil
and the prevailing climate and therefore has a direct bearing on land capability for
agricultural or other purpose. Erosion is the principal process which may alter the
soil profile and it can have a direct effect on existing or potential land use, and an
indirect effect. through siltation on water quality, fishing, land use downstream.

Soil composition : The chemical and mineral composition of the soil influences its
engineering and agricultural capability. Changes in soil composition can occur either
by. subtraction e.g.. acid or alkali leaching or by addition e.g., cation exchange
extraction. nitrogen fixation.

Slope stability : Rock slopes are inherently stable. The environmental effects of
slope instability are similar to those for erosion. The scale of the effects are larger in
this case.

Seismicity : Stress, vibration, due to explosions and deep well injection operations
can have an effect on the stress-strain equilibria on fault planes. Renewed or
increased activity can have major environmental effects for:the project site.
Subsidence and compaction : Subsidence and compaction occur naturally but
generally as a gradual and almost imperceptible process. The process can be
accelerated however, by underground excavation, vibration or loading. The major
effect is on land capability but drainage, groundwater behavior and landscape could
also be affected.

Flood plains Swamps : Flood plains and swamps are an important part of the
drainage pattern as they admit peak flows into the drainage system. Reclaimation on
natural flood plains or swamps may result in flooding and siltation of other areas
during peak flow. Major engineering of a drainage system may either decrease the
amount of agricultural land available or may destroy wetland habitats of fish, birds
etc.

Land use : The existing land use and the compatibility with existing or planned use
of adjacent land are important components of the environment. Careful site selection
is the principal means of controlling them but many mitigating or abatement
measures may also be available,

Mineral or engineering resources: The occurrence of mineral or engineering
resources is of strategic and economic importance. Loss of such resources either
through wasteful use or through development incompatible with subsequent mining

or quarrying proposal can result in long-term economic or social impacts on the
comnunity.
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10. Buffer zones: Buffer zones are spaces which provide natural environmental
protection from drainage by external events They are usually vegetated, depending

on the purpose and can provide wind breaks, erosion control, sediment traps, wild
life shelter. sound insulation and visual screening.

Some projects or actions. by their very nature, have direct and obvious impacts of land
use by physically destroying or clearing land and implementing a new use. Here are some
examples of this kind of direct land-use revision:

(a) A highway project with a 300 right-of-way width converts whatever the existing land

use is to a transportation land- use within that right-of-way width.

(b) A dam constructed to create a reservoir for water supply and recreational use directly

converts the previous land use to recreational use.

(¢) A regional park constructed on land previously used as pasture directly changes the

number of acres of the park into a different use.

(d) A city block of low-income housing structures is demolished to construct a shopping
mall, directly converting that land to commercial use.

Examination of Existing and Future Planned Land-Use for Delineating Study
Area

The first step is to get the necessary information on existing development trends. planned
development projects, and especially the goals and objectives of land-use plans and policies.
These existing and proposed committed projects and policies are then factored into the no-
‘build alternative. The result is a definition of future development intensity and policy
without the proposed project. The impact of the proposed project is the difference between
these future conditions (no - build) and the future conditions with implementation of the

-proposed project or action (build). There may also be substantive differences among the
various build alternatives being considered.

An initial activity is co-ordination with the regional planning organization and with the
. local planning officials and zoning agencies. This early contact is valuable to

- Determine the existing and planned land- use and zoning for the area of the proposed
project,

- Identify any particular problem,
- Identify goals for land- use and economic development
- Initiate continued review and co-ordination throughout the project study phase.

Depending on the expected magnitude of impact of the various activities of the project,
the population growth, the study area should be delineated.

Environmental Impacts on soil and ground water- A typical Example : Road
Construction Project

Impacts and Setting

Soil is an important component of the natural environment, and is a primary medium for

many biological and human activities, including agriculture. Its protection in relation to road
development deserves considerable attention.

In the road itself, in borrow pits, or around rivers and streams, there are many places
where damage might occur. Losses can be considerable for the road agency and others. This
includes farmers losing crops and land, fishers losing income because of sedimentation in
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rivers and lakes, and road users being delayed when road embankments or structures

collapse. The costs of correcting these problems are often many times greater than the costs
of simple preventive measures. .

Loss of Productive Soil

The most immediate and obvious effect of road development on soil is the elimination of the
productive capacity of the soil covered by roads. Unfortunately. the best sites for road
development (flat and stable) also tend to be ideal for agriculture. The narrow. linear
character of roads makes the impact of lost land seem minimal. but when the width of the
right-of- way is multiplied by its length, the total area of land removed from production
becomes much more significant. Soil productivity can also be reduced significantly as a
result of compaction with heavy machinery during construction,

Erosion

When natural conditions are modified by the construction of a road, it marks the start of a
race between the appearance of erosion and the growth of vegetation. Disturbance during
construction can upset the delicate balance between stabilizing factors, such as vegetation,

and others which seek to destabilize, such as running water. In some cases erosion might

result in cumulative impacts far beyond the road itself, affecting slopes. streams, rivers, and
dams at some distance from the initial impact.

Destabilization of Slopes

Slope stability can be upset by the creation of road cuts or embankments. Excessive
steepness of cut slopes. deficiency of drainage. modification of water flows, and excessive
slope loading can result in fandslides Fig. 3.3. Some soils. such as shale and “quick clays™,
are known for being difficult to drain and particularly unstable.

Excessively step cut slopeg—n-_______ ?{f

/ Erosion

5"' / \Slope loading with
/ f spoil material

Erosion caused by poor
slope drainage

Fig. 3.3 Destabilization of slopes.
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Side Tipping of Spoil Muterials

Spoil material from toad cuttings can kill vegetation and add to erosion and slope stabzhiy
problems. Lar;,e amounts of spoil can be generated ﬁiurmg cansimctmn in mnuniamous:

at each Tacation. ‘and haulage to disposal si
environmental management ‘of tipped material.
5Faier-F Tow Dwersamf

in nmny cases, ¥eget:v ' mn akme ma} nm h&:ﬂnugh tﬁ-‘pmem? emswe damage o slopcs,.
and vanmzs engineetir g

Fig. 3.4 Examples of combined technigues for glope protection.
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Well established engineering measures for slope protection include :
+ Intercepting ditches at the tops and bottoms of slopes. Gutters and spillways are used
to control the flow of water down a slope;

» Terraced.or steppeé slopes to reduce the steepness of'a slope. A berm (or riseberm) i is
the level section between slope faces;

« Riprap, or rock material embedded m 4 slope fare, sometimes combined with
giammg,

fm rIeskmg grtd ﬁf wmd or cﬁncreta beamst ﬁlie:d wﬁ __earth or rock} or c;thcr t:,pes
of wooder barricades and grid work, usually baftered: back against the slope;.

« Retaining walls, more substantial engineering structures able to resist bending. and.
with & footing designed to withstand pressures at-the base of the slope;

o Reinforced carth, embankment walls built.up as the earth fill is placed. with anchors
compacted-into the fill material; and

» Shoterefing and geotextiles, generally ‘more expensive options with specific

tions:
Yy »mceéute for Genersi Projects
zal aetmt} when ana’ g prcgosed :prcjeet or: aetmt&s :s t{; t:(msrder

“Impat:t trees” or ‘neiwarks“ can' be used to delineate pratcntf&l impac:tﬁ on-thie soil and.

geological environments.
Regatcimg the identtfi;:aﬁqn cf 3 etentiai sezi gal’futaats, a Tist f‘ t" ¢ materials to be
' -.h thiose: ‘mate : = S Hctmld b&

an in aigsiep, aszmple checkkst , d qu _. hemicals:
each. activity could be prepared ami utﬂxzed ’I“rans;mtt and effects :nfannatmn on ke\e

chemicals. could ‘also be included. It may also be appropriate to consider the quality of
teachates from-waste materials disposed on land.

Environmental problems in land ‘conservation in the following can be analysed using
systems analysis technigues:
1. The degradation of soil fertility due to increase in concentration of sodium, caused by
water logging and application of chemical fertilisers.
. Physical Toss of soil through accelerated erosion due to the action of water and wind .
3. limpact of the conversion of good farm lands into reservoirs and dwelling areas.
Groundwater - Quantity and Quality Impacts
The consideration of groundwater quantity and quality impacts consist of identifying the
types and quantities of groundwater pollufants and/or groundwater quantity changes

2
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anticipated to be associated with the construction and operational phases of the proposed

project. This activity should also be performed for any alternatives to the project or
proposed plan programs.

Numerous types of projects could have detrimental impacts on the soil or geological

environment, or both Table 3.1 & 3.2.

Table 3.1 Effects of developmental activities on five classic factors for soif formation.

-Factors of soil

Type of effect

Nature of effect

Formation

Climate

Beneficial

Adding water by irrigation; rainmaking by seeding clouds,
removing water by drainage, diverting winds, etc.,

Detrimental

Subjecting soil to excessive insolation to extended frost
action, to wind etc

Qrganisms

Beneficial

Introducing and controlling populations of plants and
animation adding organic matter including ‘ghtsoil’,
loosening soif by ploughing to admit more oxygen;
following, removing pathogenic organisms adding
radioactive substances.

Detrimental

Removing plants and animals; reducing organic matter
content of soil through bumning ploughing, over-grazing,
harvesting, etc, adding or fostering pathogenic

organisms; adding radioactive substances

Topography

Beneficial

Checking erosion through surface roughening, land
forming and structure — building

Detrimental

Causing subsidence by drainage of wetlands and by
mining; accelerating erosion; excavating

Parent material

Beneficial

Adding mineral fertilizers; accumulating shells and
bones; accumulating ash, locally; removing excess
amounts of substances such as salts.

Detrimental

Removing, through harvest, more plant and animal
nutrients than are replaced, adding materials in amounts
toxic to plants or animals, altering soil constituents in a
way to depress plant growth.

Time

Beneficial

Rejuvenating the soil through adding of fresh parent
matenal or through exposure of local parent material by
soil erosion; reclaiming land from under water.

Detrimental

Degrading the soil by accelerated removal of nutrients
from soil and vegetation cover; burying soll under Sold
fill or water.

Source : Goudie (3)




Table 3.2 Examples of human-induced effects on soil characteristics.

Soll factor Beneficial change Neutral change Adverse change

Soll chemistry Mineral fertilizers (increased Altering exchangeable | Chemical imbalance
fertility) ion balance Toxic herbicides and
Adding trace elements Altering pH (lime) herbicides
Desalinize (imrigation) Alter via vegetation Salinize
Increase oxidation (aeration) change Over-removal of nutrients

Soll physics induce crumb structure (lime and | Alter structure Compaction/plow pan
grass) (plowing, harrowing) ‘(poor structure)
Maintain texture (organic manure | Alter soil microclimate | Adverse structure due to
or conditioner) (mulches, shelter belts, | chemical changes (salts)
Deep plowing, after soil moisture | heating, albedo Removal perenniat
(irvigation of drainage) change) vegetation

Soil organisms Organic manure After vegetation and Remove vegetation and
increase pH soil microclimate plow (less and
Drainfmoisten microorganisms
Aerate Pathogens

Toxic chemicals
Time Rejuvenate (deep plowing adding

{rate of change)

new soil, rectaiming land)

sejBojopotpely Juswssessy Joedwy [ejuewuoNAUT  $01
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Examples of Types of Projects and Associated Impacts Include
1.  Land subsidence which can occur as a result of over- pumping of ground-water

resources or oil gas resources in a given geographical area or which can occur as a

result of surface or sub-surface mining activities associated with mineral

extraction.

The impacts associated with the identification and usage of construction material
-for major projects, with such material coming from identified burrow areas. (There
:may be changes in local surface water hydraulics and erosional patterns as a result
-of construction material.).

3. Construction practices in general can create some concerns related to the potential
~for increased soil erosion in the construction area. This increase in soil erosion
scould lead to specific mitigation requirements, such as, the creation of sediment
*retention basins or the planting of rapidly growing vegetation.

4. “Landslides, caused by inappropriate slope stability, which can occur as a result of

-over development on particular soil types within the areas having certain

~ topographic features. )

The potential concerns associated with constructing and operating nuclear power
- plants, chemical production plants, waste—disposal facilities. and/or large storage
+tank facilities in areas characterized by seismic instability and excessive
- earthquake potential. (This can influence siting decisions and decisions associated
- with construction and operation activities.)

6.  Strip-mining operations for coal extraction, or other mineral resource extraction
wherein the land surface is to restore the original landscape, possibly in some type
of alternative topographic arrangement.

7. The construction of jetties along coastal areas in order to control beach erosion and
littoral drift.

8.  Projects which may create acid rain in localized area, with the acid rain, in turn,

having an impact on soil chemistry and, potentially, on sub-surface groundwater

- resources.

Projects wherein the site characteristics in terms of soil and geological features are

incorporated as components in the selection process examples of such site—

‘selection oriented projects, sludge—disposal projects, and upland locations for

dredged-material disposal.

10. Projects that involve developments along the coastal areas wherein coastal erosion
problems may either be increased by the project, or may influence the proposed
project itself. Examples of such projects include the coastal marins and associated
secondary developments, industrial development projects with associated port and

boat mooring facilities, and projects, which involve the development of ports and
harbours.

g
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11. The construction and operation of surface water reservoir projects, with the
purposes of the projects ranging from the single purposes of providing flood
control to multiple purposes, including hydro-electric power development,
provision of water supply, and so on. There are two key environmental concerns
relative to soil and geological issues, the first is related to sedimentation within the
reservoir and the provision of appropriate sediment — storage capacity in terms of
the project lifetime; the second is related the potential effects of such surface water
reservoir projects on the subsurface environment, including changes in soil, ground
water, and geological features that lie underneath the water pool of the reservoir.

12. Projects associated with permits for grazing leases or other leases related to
agricultural uses, where the subsequent grazing or agricultural developments could
lead to changes in soil characteristics such as erosion patterns and soil chemistry.
Examples of such changes are in Table 3.2.

13. The potential effects of soil characteristics on buried pipelines, with examples

including the potential loss of the physical integrity of the pipeline as a result of
acid ot corroding soils. :

3.3.3 Description of Existing Soil and/or Ground water Resources Soil
Characteristics

Background Information on the Soil Environment
Soil Characteristics

Soil characteristics in a given geographical area at a given point of time are a function of
both natural influences and human activities.

The soil and geological environments are typically associated with the physical and
chemical environment.

For example, the habitat types and associated vegetation found in an area will be a
function of the soil characteristics. Additionally, cultural resources may be related to soil
characteristics or possibly, to unique geological features in an area.

The relationship between shallow, alluvial aquifers and the flow of surface streams and

rivers may need to be explored. Table 3.3 summarizes the principal anthropogenic activities,
which can cause ground- water pollution.

In describing quantity and quality, specific indicator parameters can be utilized.
For example, the following represent some of the information, which could be compiled,
and the issues, which could be addressed, are :

1. Descriptions should be assembled on groundwater systems in the study area,
indicating whether they are confined or unconfined, with the obvious pollution
relevance being that unconfined groundwater systems tend to be more susceptible to
groundwater contamination.

2.  Of particular importance would be the description of karsts aquifer systems, since
these areas can exhibit unique and rapid groundwater flow patterns.
3.  Many areas are characterized by the presence of muitiple groundwater systems;

accordingly, it would be appropriate to describe those geographical areas
characterized by multiple aquifer systems.
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4,  If information exists on the quantitative aspects of the groundwater resource in
terms of potentially useable supplies, which could be extracted, it should be
summarized.

5. Information should be summarized on the uses of groundwater within the study
area, with a more detailed study of this subject to be conducted later.

6. A description of the relationships between local groundwater systemns and surface
streams, lakes, estuaries, or coastal areas may be important, since mutual
quantitative or qualitative influences can occur,

7. Groundwater pollution vulnerability is associated with the question whether or not
‘the project area is in a recharge zone for a given groundwater system. This should
‘be determined because there is greater pollution potential in the recharge zone.
(It should be noted that for confined aquifer systems the recharge area may be
‘located a was long way from the actual segment of the groundwater system being
:used form purposes of water supply.)

8.  Depth of groundwater is a fundamental parameter which could be identified, with
“the pertinent issue that greater the depth of groundwater, the greater the degree of
znatural protection.

9. #Unsaturated - zone permeability should be described. Here, the “unsaturated zone”
srefers to that segment of the subsurface envitonment, which is between the land
=zsurface and the water table of an unconfined aquifer system. The unsaturated zone
#permeability can influence the attenuation of contaminants as they move away from
#a source of pollution and toward the groundwater system,

10. +#Aquifer transmissivity should be described, This parameter represents information
= on the water carrying capacity of the ground water system.

11{. +Any existing data on groundwater quality should be summarized. If no such data
« exists, it may be necessary to appropriately plan and conduct a groundwater-

£monitoring program. In some unique cases, the quality data may need to be
% described in terms of aquatic ecosystems. For example, several threatened or

- endangered aquatic species have been found in springs associated with the Edwards
- aquifer in central Texas.

Unique Soil or Groundwater Problems

Many geographical areas exhibit special or unique problems that should be addressed in the
description of baseline conditions for the soil or groundwater resources in the study area.
Examples of these problems include saline seeps, groundwater supplies relative to existing
bacteriological or other quality constituents, poor natural quality, and the presence of
hazardous waste sites. Dryland farming practices involving irrigation often lead to salt
accumulation in surface soils and shallow unconfined aquifers.

Pollution Sources and Groundwater Users

It is appropriate to consider which other potential and actual sources of soil and/or
groundwater pollution may exist in the study area, and also to consider current and potential
future usage of the groundwater resource for purposes of water supply techniques.
Quantitative impact prediction is typically associated with the use of look - alike, or

analogous projects for which knowledge and information are available, and/or the utilization
of relevant case studies.



108 Environmental Impact Assessment Methodologies

3.3.4 Procurement of Relevant Soil and / or Groundwater Quantity - Quantity
Standards

Land-use restrictions, soil quality standards, soil reclamation requirements, and groundwater
quantity — quality standards, regulations, or policies are examples of institutional measures,
which can be used to determine impact significance and required mitigation measures. Thus,
to determine the specific requirements for a given project area will require contacting
appropriate governmental agencies with jurisdiction,

The primary sources of information needed for step 3 (Figure 3.2) will be pertinent to the
governmental agencies. namely, Central government, State government and/or local

agencies. In addition, international environmental agencies may have information pertinent
to this step.

3.3.5 Impact Prediction

The prediction of the impacts of a project — activity on the soil and/or ground - water
environment(s), or conversely, the potential influence of the environment(s) on a proposed
project, can be approached from three perspectives.

1. Qualitative

2. Simple quantitative, and

3. Specific quantitative

In general, efforts should be made to quantify the anticipated impacts; however, in many
cases this will be impossible and reliance must be given to qualitative trend and through the
spreading of excess sub-soil over the right — of — way during clean-up. In general, the

mixing of sub-soil with topsoil will have an adverse impact in soil fertility and soil structure.
The severity of the impact will depend on the nature of the sub-soil.

Qualitative Approaches-Groundwater Impacts

A qualitative approach for groundwater — impact prediction involves the fundamental sub-
surface environmental processes. The fundamental processes in the sub-surface environment
can be examined relative to their hydrodynamic (physical), biotic (chemical). aspects.
Table 3.3 summarizes processes, which may affect constituents of groundwater.

Table 3.3 Possible sources of ground water contamination.

Category | Sources designed to discharge substances
Subsurface percolation (e.g., septic tanks and cesspools)
Injection wells

Hazardous waste

Non-hazardous waste (e.g., brine disposal and drainage)

Non-waste (e.g., enhanced recovery, artificial recharge, solution mining, and in-situ mining)
Land application

Wastewater (e.g., spray irrigation)

Wastewater by — products {e.g., sludge)

Hazardous waste

Non-hazardous waste

Tahle 3.3 Contd...
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Category Il -~ Sources designed to store, treat, and/or dispose of substances; discharge
through unplanned release

Landfills
Industrial hazardous waste
Industrial non-hazardous waste
Municipal sanitary
Open dumps, including illegal dumping (waste)
Residential (or local) disposal (waste)
Surface impoundments
Hazardous waste
- Non-hazardous waste
Materials stockpiles (non-waste)
Graveyards
Animal burial
Aboveground storage tanks
Hazardous waste
Non-hazardous wate
Underground storage tanks
Hazardous waste
Non-hazardous waste
" Non-waste
Containers
- Hazardous waste
- Non-hazardous waste
“Non-waste
Open burning and detonation sites
Radioactive disposal sites

Category lli - Sources designed to retain substances during transport or transmission
Pipelines
Hazarous waste
~Non-hazardous waste
Non-waste
Materials transport and transfer operations
~Hazardous and transfer operations
Non-hazardous waste
Materials transport and transfer operations
Hazardous waste
Non-hazardous waste
Non-waste

Category IV - Sources discharging substances as consequence of other planned activities
Irrigation practices (e.g., return flow)

Pesticide applications

Fertilizer applications

Animal feeding operations
Urban runoff

Table 3 3 Contd
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Percolation of atmospheric pollutants
Mining and mine drainage

Surface mine — related
Underground mine - related

Category V - Sources providing conduit or inducing discharge through altered flow patterns

Production wells

Ol (and gas) wells
Geothermal and heat recovery wells
Water supply wells

Other wells (non-waste)

Monitoring wells
Exploration wells

Construction excavation

Category VI - Naturally occurring sources whose discharge Is created and/or exacerbated by
human activity

Ground water — surface water interactions
Natural leaching

Salt - water intrusion/brackish water upcoming (or intrusion of other poor — quality natural water)

Source : Office of Technology Assessment, 1984, p. 45.

Groundwater

1.

Water table : The water table elevation is an important contributory factor to
engineering and agricultural land capability. It also affects the nature of habitats. A
change in its seasonal fluctuation may result from a reduction in the natural
recharge or from increased draw-off from the ground water system

Flow regime : The ground water flow regime, the direction and rate of flow may be
altered by surface or under ground engineering. especially drainage works, by draw-
off and by the penetration of cap rocks of confined aquifers, any such change can
have an impact on other users of the ground water source

Water quality : Water quality is important for economic, ecological, aesthetic and
recreational purposes. Changes in water quality may affect water treatment costs or
ever deny some uses of the water. These changes can be chemical, biological or
physical

Recharge : Impoundment, rearing or compaction of the ground surface and removal
of vegetation can alter the recharge of the ground water system. Recharge should be
considered together with water table, flow regime and water quality

Aquifer characteristics : Sometimes known as "Aquifer safe yield" these include all
the physical parameters (porosity, permeability etc), which govern the ability of
aquifer, provide water for human use. Over pruning or waste injection can cause a
decrease in the “Aquifer safe yield”’

Existing use : The uses of ground water system™must be for engineered domestic,

industrial and agricultural supply or natural agricultural and ecological dependence
on the ground water systemn
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4.1 Procurement of relevant soil quality

Description of the following components of environment must be included in the EIA study.
1. Air Environment
Water Environment

Noise Environment

Pl S

Meteorology and Climate Data

5. Vegetation found in the Study Area
4.1.1. Air Environment

. * Existing air quality

*  Wind Speed

*  Wind Direction

*  Humidity

* Pollutants in Air

[Particulate matter (PM10 & PM2), Ozone (O3), Nitrogen dioxide (NO2),
Carbon monoxide (CO), Sulphar dioxide (SO2)]
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4.1.2. Water Environment
*  Existing water resources

[Ground water, tube wells, dig wells, hand pumps, aquifers].

*  Surface water resources

[Tanks, rivers, reservoirs, lakes, ponds, and coastal waters]

* Quality of water
* Quantity of water
* Impact of proposed construction activity on water resources

Water pollution load in different states.

States Pollution load | States | _Poltution lvad
Bihar 82194 | Tamil Nadu | 84384
Madhya Pradesh 243125 | Gujrat_ ' 78354
Maharashtra 17 284360 | Kamataka 58705
Orissa. . ' | 204240 | Hatyana | 86933
Andhra Pradesh ' 1315 _Rajasthan 23530
West Bengal Delhi 12387
Uttar Pradesh Pondicherry 9655
_Punjab Chandigarh 9204
Assam , , 7861

*  Around half of all ocean pollution is caused by sewage and waste water.

* Each year, the world generates 400 billion tons of industrial waste, much of which is
pumped untreated into rivers, oceans.

4.1.3. Noise Environment
*  Noise levels of study area.
~* Predicted noise levels during construction activity.
* Actions needed to reduce the noise levels.
*  Sound intensity : 40-60db

*  Sound < 80db, safe for ear

W
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Event Nolse levels(dB)
Volcano eruption | 190

Thunder 120 |
T K S —
Factory boiler 110

Trains 110

Cars and bikes S{J(épsmx) |
Barkingofadog |70
Loud conversation | 70

Typewriting 50
Whispering 15
Breathing 10

4.1.4. Meteorology and Climate data

The following meteorology and climate data collected before and after project activity for EIA
study.

* Temperature

*  Air pressure

*  Water vapour

*  Humidity

* Precipitation

* Wind movement

4.1.5. Vegetation Data

The proponent of planned construction activity should include a description of all types of
vegetation.

» Vegetation ecotypes
[Forested, agricultural, wetland, riparian]
» Old growth forests |
» Rare plants
» Medical plants

» Non-native species

e e e
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4.2. Environmental Status of Ground Water
1. Chemical Composition of Ground Water
» Chemical composition of ground water depends on several factors such as
v" Frequency of precipitation
v Quantity of salts leached
v" Duration of rainwater in the root zone
v' Presence of organic matter in soil
2. Description of Ground water
» The description should include the type of aquifer present in the study area
v Whether it’ is confined or unconfined
v' The levels of pollution in the ground water resources
3. Description of underground drainage System
» Description of underground drainage system includes the
V' The rain water infiltrates rapidly through sink holes.
v' Fractures in the karst landscapes

[The karst landscapes are very fragile and vulnerable to various
anthropogenic activities.]

4. Description of multiple aquifer systems
v Wherein two or more aquifers are interconnected.
v" The quantity of groundwater flow between two different aquifers.
v" The quality of groundwater flow between two different aquifers.
v" Multiple aquifers are possibly separated by the aquitard at the project sites.
5. Quantitative data on the extractable groundwater resources.

6. Information related to uses of groundwater within the study area for many industrial processes,
agricultural and municipal use, or public services.

7. Understand the factors influencing the likelihood of ground water contamination.

8. Information of the depth of usable quality ground water.

000 000000 A S GO
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9. Description of the unsaturated zone where the pore spaces are not filled with ground water.
10. Description of ground water quality characteristics.
11. Emphasis on ground water problems in study area.
v" Leaks and spills at factories and commercial facilities.
Improper hazardous waste disposal.
Disposal of pesticides.
Animal wastes.

Pipe line breaks leading to pollution from sewerage.

S N N N

Petroleum products.
4.3. Environmental Status of the Soil

» The assessment of current state of in-situ soil by laboratory analysis was done before &
after project activity.

» The soil at the proposed construction site should be given maximum importance of EIA
because, ' ‘

Q Any developmental activity causes disturbance to the soil.
QO The agricultural land may be disturbed or loss due to project activity.
O Contamination of land is likely to occur.

> The Condition of soil at the project site can be assessed by three ways.

> 1) Desk Study

\4

Collection information by literature review related to the soil characteristics
and geological information at the proposed construction.

2) Field Work
Observation of the color and texture of soil at the proposed project site.

3) Laboratory Tests

vV VYV V V

The physical and chemical properties of soil such as moisture content,
density, pH, minerals, heavy metals, soil productivity, hydrological function (infiltration
and permeability).
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4.4. Impact Prediction

*  The role of impact prediction of a project activity is to understand the consequences of
the proposed development.

*  The extent of changes that can affect the environment, so it will help the decision makers
to identify the most important issues.

* Impact prediction involves the scientific characterization of the cause and effect of
impacts on the environment and the local community.

*  While predicting an impact, the physical, biological, socio-economic aspects,
anthological data and techniques are taken into consideration.

*  When a toxic liquid effluent is discharged irresponsibly into the environment, the
potential impacts with regard to surface water hydrology include the following.

*

*

Reduced water quality parameters of the receiving streams.
Change in the ecology of banks of the water bodies.

Loss of land resources and livelihood due to allied developments.
Effects on the economy of the fishing community.

Socio-cultural effects as indigenous people, living in and around the proposed
project areas are rendered homeless due to invasion by land speculators.

The Potential earnings from ecotourism market may suffer.

4.4.1 Impact Prediction Method

Impact prediction methods are broadly classified into two methods.

1) Box —Model Approach for prediction
2) Mass Balance Approach

1) Box-

1.

ii.

b.
c.

Model Approach for prediction
Box model is the simplest approach commonly used for prediction of various
environmental impacts for engineering projects in a city.
The following assumptions were made in this model.
It assumes that the city under study is in the shape of a rectangular box with
dimensions such as width W), Length (L), and Height (H).
The direction of wind flow is parallel to one side of the box.
The air pollutants are dispersed homogeneously inside the box.
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d. The instability in the atmosphere produced must not cross above the height of
the box.

iii. The dispersed pollutants have uniform concentration in the whole volume of air
and do not change with time.

iv. The wind blows at constant velocity in the direction of the length or width of the

box.

V. The concentration of the pollutant must be constant anywhere within the box and
should not leave the box from any side.

Vi, The average concentration of the gas or particular matter dispersed in the box is

given by the following equation.

Where
C = Avg. Concentration of the gas/particulate matter
R = Release role of pollutant (ng/sec)
T = Time period needed for uniform distribution of pollutant (sec)
L = along wind side / Length of the box (m)
W = Cross-wind dimension / Width of the box (m)
H = Vertical dimension of the box (m)

2) Mass Balance Approach

#& The mass balance model (Material balance) for prediction of environmental
impacts of engineering projects is a technique for assessing the potential risks on
the environment owing to a developmental activity.

#% It needs detailed knowledge of the inputs and outputs of several components
during the construction and operation phases of the project activity.

4 It helps to evaluate the situation and identify the options according to the
principle of conservation of mass.
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4 The mass of the body remains the same throughout a process or an operation.
4 The same principle is applicable to the mass balance concept.

4 The rate of change of mass is given by the formula proposed by McKay,
Peterson

2L~ +D4F+]) + (XHRHT)

Where
I = Rate of mass inflow into the compartment
D= Rate of discharge into the compartment
F = Rate of mass formation due to activity
J = Rate of transfer from other compartments.
X = Rate of outflow from the compartment
R = Rate of the degrading reaction.
T = Rate of transfer to other compartments

4.5. Assessment of Impact Significance

A widely used environmental Evaluation system developed by a research team at the
Battle Columbus Laboratories in the United States in 1972 called the Battelle Environmental
Evaluation System (BEES) is used for the computation of environmental impacts. It consists of

seventy-eight environmental factors (Parameters) arranged into Seventeen compounds and four
categories.

The four main categories of environmental impacts are,
1. Ecology
2. Physical/Chemical
3. Aesthetics

4. Human interest and social

Each category is further subdivided into many environmental components and each
environmental component is braked down into several parameters. Each environmental quality is
given value in a scale ranging from 0 to 1.

W—————-———'——-—m

Civil Engineering Page 8




The frame work for the BEES is given below.

1. Ecology (Category -1 : Ecology)

*Terrestrial browsers and grazers
*Terrestrial crops
*Terrestrial natural vegetation

I v inecie .

Components and __
Populations “{

Habitats and Communities =<

2. Environmental pollutants (Category —1I : Environmental pollutants)

- fBoo
3 ¢ Dissolved Oxygen

i+Fecal Coliforms -~ -
Inorganicca

Water Pollution ﬂ{

Alr Pollution v:vs‘;:

My
Land Pollution {
-~

Noise Pollution

Civil Engineering _ Page 9




3. Acsthetics ( Category —III : Aesthetics)

{éﬂ *Geologic Surface Méfefiél -
Land i ief.
Air =
Water {
Biota {
Composition {

4. Human Interest ( Category —IV : Human Interest)

Educational/Scientific {

sGeological
«Ecolo

Historical Packages

Cultures

Moods/Atmosphere

Life Patterns ==
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4.6. Identification and Incorporation of Mitigation Measures

Different mitigation measures that can be employed for different adverse conditions that
can affect the environment based on the type of developmental project activity.

4.6.1 Mitigation measures to counteract the adverse effects of a natural calamity
The different types of measures that can be employed for mitigation of adverse
environment are,

1. Loss and damage to soils from erosion, compaction and pollutions can be mitigated by
good practice techniques. Erosion of soil by various agents can be reduced by minimizing
the amount of soil bared through reduced vegetation, by retaining the stubble of the crops
in the soil, by promoting the growth of macroscopic and microscopic soil organisms, by
promoting the use of anthropogenic chemicals in the soil, by encouraging extensive
plantation of trees.

Restrictions on the cutting of plantation at the site.

Development of green belt on the surrounding periphery of project site.

Watering the ground before the excavation process begins.

Soil contamination from oil and material spills by adopting spill control procedures.

Restoring the vegetation on barren lands by landscaping with fast growing grass cover,

plants, flowers, bushes and trees.

7. Implementing appropriate water conservation measures to meet the increased demand for
electricity. .

8. Implementing appropriate energy conservation measures to meet the increased demand
for electricity.

9. Use of safety procedures and personal protective equipment to prevent adverse human
health from dust and noise.

10. Prevent the entry of construction material into surface water to prevent the adverse
impacts on drinking water supplies, irrigation systems and river ecology.

11. Prevent the entry of sediment into surface waters by implementing runoff control
measures, mechanical sediment control measures, grassed filter strips, and soil
bioengineering practices.

12. Regulation on the open building of solid waste/garbage.

13. Use of air pollution control techniques such as electrostatic precipitation, cyclone
scrubbers, thermal oxidation, bio filtration, adsorption, wet scrubbing, condensation, and
chemical treatment for reducing pollutant levels from point sources.

14. Modification in the project with changes in the design patterns.

AN

4.6.2. Mitigation measures of adverse environmental impacts during operational phase of
Engineering Project

The measures to be taken for mitigation of adverse environmental impacts
during operational phases of an engineering project are,

1. Decrease in the height at which the construction material is loaded or unloaded.

Civil Engineering ' T - ' Page 1%




2. Influencing the ground vehicles to reduce emissions.
Use of silencers on construction equipment for noise abetment.
4. Use of noise barriers to prevent the noise emanating from the construction equipment
from the sensitive receivers.
5. Energy management systems to monitor and reduce overall energy use includes,
a. Use of renewable energy sources such as solar photovoltaic panels or wind
turbines.
b. Burning of municipal solid waste to produce electricity.
c. Encourage the use of low-emission rental cars, taxis, shuttles.
6. Implement water conservation measures such as installation of automatic shut off and
low-flow plumbing fixtures, water reuse programs.
7. Preventing soil compaction caused by the weight of vehicles and machinery by restricting
the vehicular movement to defined tracts and avoid its use outside the construction zone.
8. Preventing the entry of construction material into surface water to prevent the adverse
impacts on drinking water supplies, irrigation systems, river ecology, etc.
9. Prevent the entry of sediments into surface waters by implementing runoff control
measures, mechanical sediment control measures, grassed filter strips, and soil
bioengineering practices.

w

4.7. EIA with reference to Surface Water

A schematic diagram for a conceptual approach to the study focused on environment
impacts is depicted below:

Desc

M
D e e ——————————————rr———
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4.7.1. EIA study with respect to Surface water

The steps involved in the evaluation of impacts of various developmental activities on
surface water environment are as mentioned below.

1. Identification of Surface Water Quantity or Quality Impacts of proposed Projects.

2. Analysis of the Potential impacts of the development project on the surface-water
conditions.

3. Collections of Significant Information Related to Quantity and Quality of Surface
Water.

4. Evaluation and Prediction of Impact on Surface Water.
S. Analysis of Impact Significance.

6. Mitigation Measures.

STEP - 1: Identification of Surface Water Quantity or Quality Impacts of proposed Projects

* The physical parameters of water include the temperature, color, conductivity,
turbidity, total suspended solids, total dissolved solids, oil and grease, etc. The
chemical parameters of water are broadly categorized into

a) Organic content of water

v 1t includes the biological Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Total Oxygen Demand (TOD).

b) Inorganic content of water

v 1t includes the salinity, hardness, acidity, alkalinity, pH, cations such as
Ag, Al, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, k, Mg, Mo, Na, Nj, P, Pb,
Sb, Se, Si, Sr, Th, T, V, U, Anions such as CLF, SO4, CN.

¢) Biological Components of Water

V' They include total coliform count and fecal coliform count. Source of pollutant in
water are categorized as
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1. Non-Point Sources
Pollutants come from many different sources, for example: Urban runoff,

poor, irrigation practices, poorly managed construction sites, abandoned
mines.

2. Point Sources
The Pollutants come from one source, for example: Factory/ industrial
plants, direct dumping of toxic waste into water. The water quality
parameters are intrinsically linked to water quantity due to the fact that
changes in water quantity are likely to affect the dilution of pollutants.
* The potential water quality impacts due to construction phase include.
(a) Runoff general construction activities related to the project at the site.
(b) Construction runoff and drainage.

(¢) Production of sewage effluents from the on-site construction work force.

(d) Increased load of suspended solids and contaminants from site surface and drainage
channels.

(e) Pollutants such as fuel, oil, diesel, lubricants and solvents generated from vehicles

and equipment used for construction activities, can enter the surrounding water
bodies. '

STEP — 2: Analysis of potential impacts of the development project on the surface-water
conditions

This step is accomplished by the use of several mathematical models to determine the
changes in water quantity, quality and flow patterns.

a) Some mathematical models commonly used in EIA are mentioned below
Fundamental runoff formula for predicting surface water runoff.

b) Rational formula — this is used to compute the peak discharge flow rate.
¢) Naiver-Stokes equation -This is used to determine the water-flow patterns.

d) Streeter-Phelps equation :-( also known as the “dissolved oxygen sag” equation). This is
used for evaluating dissolved oxygen in water.

€) Advective transport formulation
f) Dispersive transport formulation
g) Surface heat budget formulation
h) Dissolved oxygen satﬁration formulation

i) Hydrological transport model.

B T
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STEP - 3: Collection of significant information related to Quantity & Quality of surface
water

* The Bureau of Indian Standards Specifications ISO: 10500-1991 governs the quality of
drinking water supplies in India.

*  This is based on international standards for drinking water quality issued by the WHO.

* A number of government agencies are responsible to foresee the availability of drinking
water of adequate quantity and potable quality.

* The government agencies include the ministry of water resources, the ministry of Urban
Development and poverty Alleviation, the Ministry of Rural Development, the Ministry
of Environment and forests, the Ministry of Health.

*  The water quality standards in India recommended by the Bureau of Indian Standards

S.Noe. Characteristics Permissible limit

=

2 Odour 'No objectionable odour

4 Turbidity 5-10 NTU

6 Total Hardness 300-600 mg/l

250-1000 mg/1

10 Calicum 75-200 mg/l

12 Copper 0.05-1.5 mg/1

14 Sulphate 200-400 mg/1
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16 Fluoride I-1.5 mg/l

0.001 mg/l

STEP — 4: Evaluation and prediction of impact on surface water

* The potential surface water impacts that are likely to occurs as a result of the proposed
developmental activity depends on several factors

(a) Direction of the Impact

v The types of impacts may have positive, negative or neutral effect on the
environment.

(b) Magnitude of the impact

v The magnitude of impact may be categorized as none/negligible, low moderate or
high.

(c) Duration of Environmental Impact

v' The duration of the environmental impact may be transient, shott term, medium
term, long term or permanent.

(d) Geographical Extent

v 1t refers to extent to which the proposed activity is likely to affect-whether it is local,
regional, national or international.

(e) Probability of Impact Occurrence
It refers to the chances of occurrence of impact. It can be of the following types,
i.  Least probable / impropable (<5% chance)
ii. Low probability (5% to40% chance)
iii. Medium probability (40% to 60% chance)
iv. High probability (60% to 90% chance)
V. Definite ( Impact will occur definitely)

M_—WM—_—M-MMW
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v" The potential impact during the construction and operation phase of proposed project
with regard to surface water hydrology includes the following.

1. Increase in the erosion and sedimentation due to stripping of vegetation in and around
the proposed construction site.

2. The construction of river crossings would alter the ecology of river bank and river
beds.

3. Increase in erosion and sedimentation due to the construction of diversions channels
for directing the river water in another direction.
4, Increase in polluted discharges affect the water quality of the receiving streams. -

STEP — 5:_Analysis of Impact Significance

* Depending on the types and extent of the proposed development project, the type of
resources affected can be ascertained.

* The information thus obtained can be used to make informed decisions on whether to
proceed with the project or not.

* It may also be used for the identification and evaluation of alternatives if the proposed
project has a significant impact on the community.

STEP — 6: Mitigation Measures
Some general mitigation measure should be practiced/ followed,
a) Re-Vegetation and tree plantations near the proposed construction site.

b) Preventing the entry of construction material into surface water to prevent the adverse
impacts o drinking water supplies, irrigation systems and liver ecology.

¢) Prevent entry of sediments into surface water by implementing runoff contro! measures,
mechanical sediment control measures, grassed filter strips, mulching -and soil
bioengineering practices.

d) Increasing water infiltration into soil.
e) Controlling excessive storm runoff.

f) Controlling soil erosion.

e
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4.8. The evaluation of impacts on environment by any project activity

“The evaluation of impacts on environment by any project activity can be structured in the
following steps,

STEP - 1: Examination of Types of Pollutants, Quantities and sources Generated during the
‘Construction and operation phase of Proposed Activity

The first step for evaluating a proposed project activity is to consider the type of air pollutants
released during the construction and operation phase of the proposed activity and their expected

quantities. The air pollutants are added to the atmosphere from various sources, as mentioned
below.

Examples: Examples:
4 Electric power plants Vehicle emission from road transport
# Fuel combustion facility stacks Railway inland navigation
"4 Domestic heating and cooking shipping, Aviation.
4 Dry cleaners Dust emission from stock piles Gas stations
# Paint shops Industrial plants airports
4 Phosphate processing plants . . Dock yards '
4 Pulp and paper mills Rail Yard
4% Solid waste disposal
4 Municipal incinerators -~

STEP — 2: Evaluation_of project site for the Ambient Air Quality, Emission Inventory and
Metrological data

The ambient air quality at the proposed project site is established through intensive of
ambient air quality with the help of ___'c_tuton_l_atiC techniques such as TEMO (TAPERING
ELEMENT OSCILLATING MICROBALANCE) beta gauge instruments, light scattering

- systems and manual techniques such as filter paper samples and impinges.

M
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The pollutants in air are analyzed by the following methods,

(i) Gravimetric analysis

(ii)  Volumetric analysis

(iii)  Spectrophotometric analysis

(iv)  Turbidimetry, Nephelometry

(v)  Flurometry , Atomic absorption Spectrometry

(vi) Infrared spectroscopy, HPLC, Electro chemical techniques.

The information in this section should include the following

(a) Types and concentration of hazardous gaseous chemical emissions.

{b) Concentration of particulate matter.

{c) Offensive odors.

(d) Various climatic conditions. The data on meteorological variables to be included are -
rainfall, temperature, air pressure, wind speed, direction of wind, relative humidity.

(e) It should also contain a summary of the pollutants in the vicinity of the proposed project
site.

STEP - 3: Examination of Air Quality Standards criteria, polices of the local, state and
central government agencies

This section has the documentation of existing air quality at the regional, sub regional and
local level, the desirable air quality must be in compliance with the prevlling government
regulatory standards, guidelines, codes of practices and permit conditions.

STEP - 4: Impact prediction of new project on ambient air quality
The most popular approach for impact prediction is,

(i) The Mass -Balance Approach The mass balance approach is for the total air pollutant
emission during the construction and operation phase of proposed project activity.

(ii) Use of arithmetical models
(a) Box model
(b) Dispersion or craussian model
(c) Computer simulation model
STEP — 5: Assessment of impact significance

In this stage, the beneficial and detrimental impacts of the proposed develdpment are
assesed.This is accomplished by conducting public meetings and / or public participation
programmers. If no significance impacts are likely to occur, then the agencies involved in
environmental impact assessment study issues a finding of no significant impact.

Civil Engineering Page 19




STEP — 6: Mitigation Measures
Some of the many mitigation measures during the constructional phase of the project include,
1. Decrease in the height at which the construction material is loaded or unloaded.

2. The excavated material at the construction site should be enclosed, covered or dampened,
especially during the dry and windy conditions.

3. The construction areas should be dampened using appropriate water sprays.

4. The vehicles carrying the construction material should travel controlled speed to reduce traffic
included dust dispersion.

5. The vehicles carrying the construction should carry properly.
6. Implementation of technology to the fuel efficiency of automobiles.

7. Reduction in the tail pipe emissions by adopting technology to control the emission of
evaporative exhaust gases,

8. Manufacture of vehicles with alternative fuel options.

9. Use of air pollution control techniques such as electrostatic precipitators, clone scrubbers,
mist filtration, thermal oxidation, catalytic oxidation etc

---------

10. Regulation on the open burning of solid waste.

MM“
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5.1. Assessment of Impact Development activities on Vegetation and Wild life
5.1.1 Biodiversity

The term biodiversity is a contraction of biological diversity, which is the
variability among livihg organisms inhabiting the different ecosystems (Ex. Terrestrial,
aquatic ecostyems.)

In general terms, the word “biodiversity” can be defined as the concentration of

various entities such as general ecosystem, different species and organisms confined to a
particular region.

Types of Biodiversity

1. Genetic Diversity: )

Genes are the basic units of hereditary information transmitted from one generation to
other. Diploid organisms contain two sets of chromosomes and thus two copies of
each gene (called alleles). Genes are composed of DNA and are present inside living
organisms. They have the instruction to provide all the information necessary for a
living organism to grow and live. DNA is combined with specialized proteins to form
a complex called as chromatin which organizes into chromosomes during the process
of cell division. The information contained in DNA is determined by the sequence of
the nitrogenous bases (adenine, cytosine, guanine and thyme) along the chain. The
nitrogenous bases are in a different number and order in every living organism on this
earth. Different number and order in every living organism on this earth. Differences
in the nitrogenous bases result in production of varied sequence of amino acids and
the resultant protein. These proteins are responsible for the development of
anatomical, physiological and behavioral characteristics of living organism.

Genetic diversity or simply put, variation in the genetic constitution in living
organisms is introduced either through mutation in living organisms is introduced
either through mutation of one of the alleles, or as a result of sexual reproduction.
Mutation is a change in the nitrogenous base sequence of DNA that may cause a
change in the product encoded by that gene. During sexual reproduction, the off
springs inherit genes from both the parents, which can be exchanged in a process
called sexual recombination.

Let us consider a very simple example of genetic diversity. Human beings look
very similar to each other as opposed to being like other living forms. All of us have
two arms, two legs, two eyes, ten toes, soft skin etc, but all of us have certain genetic
trails that which we have inherited from our parents and ancestors( such as facial
features, color of hair, eyes, height, behavior, needs) that distinguish us as unique
individuals. These genetic traits have been carried from one generation to the next
generation in varying degrees.
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2. Species Diversity
Species diversity refers to the number of species in a habitat or a region or an area
along with their relative abundance. The number of species, kinds of species and
the number of individuals as per species vary in an ecosystem. For example, a rain
forest consists of many thousands of species of different animals and plants where
a as a boreal forest may support fewer number of species.

It has been estimated that more than 1.7 million species have been
discovered while ecologists are of the view that there are millions more which we
do not know about.

Components of Species Diversity

The different components of species diversity are,
@) Species Richness

The species richness refers to the number of different species present. For

example, a biologically diverse community such as a marine ecosystem

with a large number of species has high species richness, while a

temperate forest may have few species of plants or low species richness.
(ii)  Species Evenness _

Species evenness refers to the number of individuals of each species

present. For example, a tropical forest having the same number of

individuals from each of many different species is said to have high
species evenness, while a desert containing a large -number of individuals
of one particular species and relatively low number of individuals from the
other species has low species evenness.
3. Ecosystem Diversity
Ecosystem diversity refers to the variety of ecosystems in a given area wherein, a
community of organism interact with their physical environment (climatic,
geological and chemical constituents including temperature, precipitation and
topography of the ecosystem). In a simpler sense, ecosystem diversity includes
both biotic (living) and abiotic (non-living) components.

An ecosystem can occupy a large are of thousands of kilometers (Ex.
Great Barrier Reef) or a whole forest or a small area such as a pond.

Humans and their activities have a considerable effect on species and

ecosystem diversity causing.

a) Destruction, modification and/or fragmentation of habitat.

b) Introduction of exotic species.

¢) Overharvesting and overexploitation.

d) Global climate change.

Sufficient measures should be undertaken for conserving biodiversity
by saving habitants and ecosystems.

CIVIL ENGINEERING Page 2




5.1.2 Systematic approach for evaluating Biological Impacts

Studies related to the assessment of impact of any proposed projects or floral and faunal

species that are components of biological environment include the following steps.

1. Qualitative identification of the potential impacts of the proposed projects on biological
environment in the core and buffer areas. The biological environmental refers to the flora
and fauna of a particular area which includes species of trees, gases, fishes, reptiles, birds
and mammals.

2. Description of the biological environment (including flora, fauna, natural resources and
habitats) along with community types and geographical description.

» The description of flora environment involves a five level classification of
vegetation. The different levels are:
Level — 1: Vegetative structure
Level — 2: Dominant plant types
Level — 3: Size and density
Level — 4: Size and habitat
Level — 5: Special plant species

» The description of the faunal environment should include different species of
animals of various groups, such as amphibians, reptiles, birds, mammals, rare
faunal species etc.

3. Obtain information on legislation regulations criteria or guidelines related to the
biological environment.

4. Prediction of impact of the proposed project on the biological environment. The methods
used in these steps are Habitat Evaluation System (HES) and Habitat Evaluation
Procedure (HEP).

5. Interpretation of predicted impact on the overall ecosystem.

» This steps include the following aspects
a) The importance of individual species in the food web to maintain stability
" in the ecosystem. ‘

b) Assessment of the implication of project activity on species diversity.

c) Effects of the proposed projects on ecological succession.

d) Evaluation of effects of the proposed project on the economic importance

of some species.
e) Impacts of a proposed projects (or activity) on threatened or endangered
] species. )

6. Identification of mitigation measures followed by their implementation. This includes
prevention, reduction, rectification, and restoration, and conservation, compensation in
relation to project location, construction and operating procedures.
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5.1.3. Significance of Vegetation and Wild Life

~» Regulation of atmospheric chemical composition.
* Regulation of global temperature, precipitation and other climatic processes.
¢ Regulation of hydrological flows.
e Storage and retention of water.
¢ Retention of soil within an ecosystem and prevent it from eroding into water bodies.
¢ Nutrient cycling in the food chain.
¢ Food production from the plants and animals of the natural ecosystem.

* Rich source of raw materials such as wood, fibers, biochemical / biodynamic compounds,
fuel wood, organic matter and animal feed.
* Genetic resources.

s Cultural and Recreational activities.

5.1.4 Mitigation measures

are,

@)
(i)
(iii)
(iv)
W)
(vi)

(vii)

The significant measures for mitigation against biological impact by development activity

Restrictors to rights-of-way and limiting the cleared areas.

Implementation of vegetative stabilization to protect the soil from erosion, water
logging and salinization,

Creation of alternative and accessible habitats within the proximity of the existing
population of the species of interest.

The disturbed areas must be revegatatted to reduce habitat fragmentation,

The area of land that is being disturbed must be reduced.

Collection and storage of top soil for future use to ensure conservation of exiting seed
bank.

Conducting surveys by ecologists on the different species inhabiting the project area.
Clearance of vegetation should take place outside the breeding season.

L e
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5.2. Environmental Impact of Deforestation

5.2.1. Significant Impacts due to Deforestation

Forest supports divert life forms as they can provide three basic ingredients for survival

of the species-water, food and shelter.

>

Timber products are in high demand almost worldwide. This encourages harvesting,
transporting processing buying or selling of timber against the national laws, thus making
illegal logging a lucrative industry.

The main cause of deforestation is illegal logging due to which half of the original forest
cover has already disappeared several species of animals like tiger, rhinoceros, elephants
are almost nearing extinction due to loss of their habitats.

Transportation of timber from the forest to the places in demand adds to the greenhouse
gases in the dtmosphere leading to a -global warming trend, where ‘the average

temperature becomes higher. The sawing and sanding of the wood products adds dust to
- the atmosphere.

The term deforestation refers to destruction of forests and woodland. The tribal hunter
gatherers depend on the forests for their livelihood. They rely on the forests for fuel
wood and other resources. The forest provides domestic use and hydroeleciric power.

Some of the medicines derived from the forests are enlisted below:

&%

Quinine- cure for malaria

Curare-anesthetic and muscle relaxant used in surgery

Rosy periwinkle-cure for Hodgkin’s disease and leukemia

Other drugs-arthritics, hepatitis, insect bites, fever, coughs and colds

The forests are destroyed for the following purposes:

a)

b)
©)
d
€)
f
g

To convert forest into agricultural land to feed the increased number of people and for
cattle rearing.

To earn money by growing cash crops.
Logging of commercial wood.

Cutting down of trees for fire wood paper and building material.
Urbanization.

Mining and oil exploration.
The acid rain and forest fire too contribute to deforestation.

o0t e e e T e R ot
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5.2.2. Problems associated with exploitation of Forests

Some of the Problems associated with exploitation of forests are as given below:

Change in Local and Global Climates through Disturbance of

a)

b)

The Carbon Cycle:
The trees absorb carbon dioxide from the atmosphere to produce carbohydrates, fats
and proteins in them. This carbon is then released as co2 when the trees are either

burnt or not, causing an increase in CO, concentration in the atmosphere. CO;
contributes to the greenhouse effect.

The Water Cycle:
Underground cycle is drawn up by the root system of the trees and released into the

atmosphere by the process of transpiration. The felling of trees will render a drier
climate in the region. Felling of trees also effects rainfall pattern.

Erosion of Soil: :

The root system of the trees holds the soil particles firmly. With the removal of trees
erosion of soil takes place.

Owing to soil erosion, silting of rivers, lakes and dams takes place.

Extinction of species

Forests are home to more than half the world’s species. Cutting down of trees leads to
extinction of thousands of species of birds and animals. Some of them are the
orangutan mountain gorilla, manatee, jaguar and puerlo Rican parrot. The orangutan
feeds on various plant parts like, leaves, figs, and fruits bark nuts and insects. The old
trees in the forest support the growth of woody vines that serve as aerial ladders, thus
enabling the animals to move around, build nests and hunt for food. Thus loss of
forest leads to endangering the lives of plants and animals.

2. Natural conflicts with wild life

3.

As the green cover depletes, the wild animals are forced to move out of their traditional

home into areas in habited by humans, causing dreadful encounters with wild animals
like elephants, poisonous snakes etc.

Desertification
Deforestation contributes to the desertification of the green canopy.

L T T —_———,
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4. Effect of ecotourism .
The potential earnings from market suffer due to deforestation. Tourists would be

unwilling to travel to see the polluted rivers carcasses of wild animals, stumps of the trees
and unused wastelands.

5. Social effects of deforestation
Case studies have documented that the indigenous people living in the forests have been
rendered homeless due to invasion by cattle ranchers, loggers and land speculators.

5.2.3.

Reasons for Deforestation

The major causes of deforestation are:

1)
2)
3)
4

5)
6)
7
8)

9

Rapid urbanization is leading to deforestation as the land is not available.

Forests are overexploited so as to develop them into agricultural lands.

Overgrazing of forest lands is also leading to deforestation.

Shifting of rammers from the production of cocoa exports to growing of cash crops is
leading to felling of trees so as to develop agricultural lands.

Cutting down of trees for fire wood paper timber and other building materials.

Mining of minerals and their ores have also led to destruction of forest extensively.
To generate hydroelectricity for irrigation dams are built which have led to felling of
trees. _

Projects undertaken for building of roads, lying of pipelines, construction dams etc.
have led to deforestation.

Mining and exploration of oil also leads to deforestation.

10) The acid rain and forest fires too contribute to deforestation,
11) Forests are being cleared for the purpose of cattle ranching,

5.24.

Remedies

Measures taken to mitigate deforestation are as follows:

1.
2.

Prevent over grazing of forest lands.

Overexploitation of timber should be prevented which is maintained by the branch of
forestry, i.e., silviculture. This branch is responsible for the establishment,
development and reproduction of timber trees like teak, sal, sheesham etc. Illegal
logging should be prevented. The forest officials should cooperate in protecting the
forests.

Recycling of forests products like paper should be practiced.

Burning of forest should be strongly prevented so as to develop into pasture lands.
Forests should be conserved by growing plants tolerant to diseases, fire and pests.
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6.

7.

9.

10.
11.
12.

Plantation of seedling of forest trees, with crop plants, enables the trees of the forests
to grow better. )

Forest departments and other communities involved in conserving forests, have taken
to plantation of eucalyptus trees, cassia trees, teak trees, tamarind trees etc, in the
government waste lands, along road sides, railway lines, marginal lands of the farms
thereby contributing to social forestry. This has met the basic demands of wood for
rural people, prevented the erosion of soil, maintained ecological balance and
provided shade along the roadside.

We should buy foods (Ex: banana, pepper, cloves, coffee) that are grown in a
sustainable way. '

Encourage the use of environmentally friendly paper.

Encourage the use of recycled paper.

Practice of silviculture helps to replenish the forests.

Plant an equal amount of saplings so as to compensate for the fallen trees. Thus, equal
balance should be maintained between the growth rates and falling of trees.

5.2.5 Major impacts on forests due to Water Resources Project and Mitigation
Measures ' '

(@
(ii)

(iii)
(iv)
\%)

(vi)

Water resource projects are the multi~purpose river valley projects and major irrigation
projects / canals. These are concrete structural barriers constructed across rivers and streams to
block or control the flow of water in them. )

They serve the following major functions,

To store water to compensate for the fluctuations in the discharge by rivers.

To increase the hydraulic head (difference in the heights of water levels in the
upstream of the dam and the downstream river).

Generations of electricity.

Supply water for irrigation, industrial and household activates.

Control the effect of flood waters.

Encourage river navigation and recreational activities like swimming, fishing and
boating.

Construction of water resource projects in the prime forests lands may cause
flooding, thereby leading to total destruction of the entire forests. The

environmental effects associated with such constructions include both the
physical and social aspects.

The forests are degraded and devegetated to carry out construction activities
related to the water resource projects such as offices, approach roads, residential
quarters as well as building for the storage of construction material.

e T
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The process of deforestation leads to,

(a) Loss of fruit-bearing trees, lgss of timber and scarcity of firewood.

(b) Destruction in the habitats of wildlife.

(c) Hampers the precreation activities of people.

(d) Involuntary displacement of large number of people, causing widespread
traumatic psychological and sociocultural consequences.

The alternatives to dams is rainwater harvesting. It is one of the most important
and economic tools for water conservation at a time of rapid dwindling of fresh
water resources. The different types of harvesting structures that may be used are

farm pond, percolation / recharge pits, recharge wells, check dams, and lagoons /
lined ponds.

5.3. Environment Risk Assessment and Risk Management in EIA

>

>

According to International Standard ISO 31000, risk is defined as the changé of
something happening, that will have an impact on objectives.

According to environment protection Act risk is the chance of harmful effects to
human health or to ecological systems resulting from exposure to an
environmental stressor.

In general risk can be defined as anything that has a tendency to cause harm to
humans and natural environment medium (including air, water, land, plants and
wildlife.) ‘

Risk management is defined as the culture, processes and structures that are

directed towards realizing potential opportunities whilst managing adverse
effects.

Environment risk assessment considers the impact on the environment caused by
various factors such as,

Natural events (flooding, drought, extreme weather events)

Agents (ex: chemical, biological, radiological)

Technology(ex: unconventional drilling technologies)

Practices(Ex: silviculture)

Processes

Products

Industrial activities.

Environmental conditions(Ex: chemical contamination in air, soil, surface water,
sediment, biota, changes in climate, introduction of native species)

A simple and classic example of environment risk assessment is that of source —
pathway- receptor. Let us consider the source to be hazardous source (such as a
source of contamination), the receptor to be ecosystem. The link between the source
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and the receptor is the pathway. In the absence of the pathway, no-risk exists. But if

the source and the receptor are linked by a pathway then the consequences of this is
assessed.

5.4 Risk Assessment and Treatment of Uncertainty

5.4.1. Main advantages of Environmental risk assessment with an EIA

L

Environmental Risk Assessment(ERA) helps with the scoping of EIA investigations:
The scoping phase is an early phase of the EIA process that typically recognizes
the important issues of concern at a preliminary level of the planning process. It helps in

site selection, possible technical options and avoids all kinds of delays that arise during
the project.

Hazards are determined by taking into consideration the different ways the proposal
might interact with the environment. The priority hazards are identified and assessed
during the scoping phase while the other issues are given less attention. The advantages
of ERA during the scoping phase are as follows:
1. It contributes to a feeling of satisfaction that the hazards that need thorough
inspection have been determined.

1. It advises the preparation of the proposed study program.

iii. It confirms that the level of inspection is proportionate to the risk.

iv. It encourages efficient processing of EIA.

ERA Enables prioritization of risk

If an organization encounters various types of potential environmental risk. Then

ERA can be used to setup the risks according to their importance, and prioritize the risks
that should be deals with first.

Site specific rvisk evaluation

ERA helps to establish the location of the risks that affect a particular site and enable
proper risk treatment.

Comparative risk assessment

The relative risk of different types of actions can be compared. For instance, the risk

produced by untreated water versus the risk produced by the chemicals used in treatmg
water.

Quantification of risk

The risks are quantified to setup controls on the risks (ex: the acceptable concentration of
chemicals in drinking water).

b e ]

CIVIL ENGINEERING Page 10




6. ERA manages uncertainty as part of an EIA process
Thus ERA is very important as it conveys the outcome of environmental decisions. It

helps to overcome the potentially negative features of a project to prevent harm to the
ecological assets, social values and economic uses.

' 5.5 Key Stages in performing ERA

Environmental risk assessment (ERA) can be accomplished by the following key stages:

1. Establishing the context
This stage involves the setting up of the external, internal and risk management contexts
to recognize the aim of the organization and for quick and easy identification of risks.

2. Risk identification (Also known as problem formulation)
This step involves identification of risk that could lead to harm to human health and
ecology. The risk identification is carried out thoroughly to depict what, where, when,
why and how a particular parameter can occur and its effects. Further, this step should

ideally be carried out in a workshop in the presence of stakeholders, trained facilitator
and recorder. |

3. Risk analysis
This step involves the following aspects:
s Identification of consequences produced during risk identification.
# The effectiveness and dependability of controls.
4 Information about the statement of context.
#& Additional information about statistical data, predictive inodeling or expert
judgment.
# The risk involved in establishing the context.

The risk analysis step provides an understanding of the nature of risk, the extent of its

consequences. Each type of risk is evaluated and given proper risk treatment when
needed.

4. Risk evaluation

The information collected during the risk identification and risk analysis is used in
decision making whether a particular risk falls under the organization risks, criteria and if
it requires any treatment,

Usually the managers of the organizations are given instructions/advisories about the

type of action to be taken for a specific type of risk and the time allotted for their
completion.

5. Risk treatment

This step involves making changes to the risk by changing the consequences that is
likely to occur.

St e SO SCHFSU
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Risk treatment involves three basic methods:

(a) Avoid the risk:

An activity that can lead unacceptable risk can be avoided altogether or adopt an

alternative activity that causes less risk to meet the aspirations and purpose of the
organization.

(b) Transfer the risk
This step involves the transfer of the organization’s risk to an outside party
(insurer). Generally the method involves the purchase of insurance and indemnity.
The expenses in occurred in the process depends upon the extent of assurance the
organization can give to the insurer with regard to recovery of claims. The insurer
needs information about the type of risk an organization can encounter the robustness
of the organization’s system and the updated claim history.

() Risk cbntrol .
This is considered as the ideal method to lower the likelihood of the risk
occurrence of the impact of the risk or both. The best method of risk control is to

modify the systems and processes so that the potential for adverse impact can be
lowered.

The risk treatment plans should consider the following aspects,
1) Proposed actions

2) Resource requirements
3) Individuals responsible for action
4) Time frames.
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