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ABSTRACT

Although hydropower is very environmentally and economically sound
project, it has effects on alocal or regional scale. Present work addresses
these issues and presents a viable procedural layout on environmental
impact assessment (EIA) for implementing such project to the upcoming
environmental engineers. The rapid impact assessment matrix (Pastakia,
1998) was used to get numerical impacts (adverse or beneficia) of different
parameters. This method analyses and presents in a structured, friendly
and transparent environment the numerous parameters and alternatives of
anEIA. It considers all 4 components: physical/chemical, biological/eco-
logical, social/cultural, economic /operational . Based on the analysis, it is
shown that such a project will be positive economically but negative oth-
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erwise considering the other three components.
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INTRODUCTION

Enhancing thelevel of energy consumption, par-
ticularly inlessdevel oped and devel oping countries, is
aglobd challenge. Inthe context of electric power, as
animportant form of energy, thethermal and hydro-
power onagloba basis, have occupied thelargest pro-
portion. Between thermd and hydropower, hydropower
isaclean source of energy seen onaglobal scae. Hy-
dropower plants convert the kinetic energy contained
infaling water into electricity. Theenergy inflowing
water isultimately derived from the sun, and isthere-
forecongantly being renewed. Energy containedinsun-
light evaporateswater from the oceansand depositsit

onlandintheform of rain. Differencesinland eevation
resultinrainfall runoff, and allow someof theorigina
solar energy to be captured ashydropower. An essen-
tial requirement is, therefore, that thewater should be
at asuitable height above alower reference point to
where the water could flow and be discharged. The
differencein levelsbetween thewater and discharge
point represents the potential energy that would be-
comeavailablefor use should water isallowed to flow
between the two levels. Figure 1 shows the type of
hydropower ingtdlation.

Hydroel ectric plants convert the potential energy
of water into an dectricd output. The processinvolves
flow of water from the source, through the turbineto
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Figurel: Typesof hydropower installation®

theturbine outflow (tailrace), which actsasasink. In
the process of conversion, useis made of water tur-
bines, of associated civil structuresand of rotating €l ec-
trical machinery.

Hydropower iscurrently theworld’slargest renew-
able source of € ectricity, accounting for 6% of world-
wideenergy supply or about 15% of theworld’selec-
tricity™™. When devel oped in accordance with good
environmental and socid practices, hydropower plants
have the advantage of producing power that isboth
renewable and clean. Hydropower projects are seen
asgreenhousegasreducing, industriaized countriescan
therefore earn emission credits by investing in such
projectsin devel oping countries™?. Itishencelikely
that hydropower projectswill be popular to copewith
increased energy consumptionin many devel oping coun-
tries.

But onalocal or regional scale, theenvironmental
and soci oeconomi ¢ impacts can be negative and seri-
ous. Thelandscapeand thedammedriversoften change
their characteristics severely after the completion of a
hydropower project. Sometimestheability of people
livingintheareato use natura resourcesto improve
their livelihood can be highly limited after aproject. In
rura areasin devel oping countries, using the surround-
ingenvironment for smal scdefarming, huntingandfish-
ing can beequally important to an empl oyment asmeans
of earningalivelihood. The peopleworst affected by
such achangein theenvironment are often the poorest
oneswiththelowest safety margins. Therefore before
ahydropower project isundertaken, itisimportant to
try to predict inwhat way the project islikely to affect
theareaand the peoplelivinginit, and toinclude ac-
tionsintheproject plan that will prevent, mitigate or
compensatefor negativeimpactsY. Thisisnormaly done
by performing an Environmental Impact A ssessment
(EIA).

ElA isatool “used for reducing negative environ-
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menta consequencesof devel opment activitiesand for
promoting sustainable devel opment!?”, EIA isapro-
cess of identification, prediction and evaluation of a
project’simpact on theenvironment andis, essentidly,
anadtothedecision-makersresponsiblefor planning™.
It could a so be manipulated into amanagement tool
for environmentd sustainability so that aproject will be
both economically and environmental ly sound®. EIA
particularly aimsto optimize atrade-off between de-
velopmental activitiesand socio-ecological losses. Itis
amanagement tool to belinked closely to the project
life cycleto ensurethat appropriate environmentad in-
formationisprovided at the correct time. Theoverall
objectiveof theEIA isto desgn devel opmentd projects
and activitiestakinginto consideration theenvironmen-
tal perspective.

Upcoming engineers do know about the different
typesof pollution anditsremedia action but generally
they lack in professional approachintackling any real
project™. Keepingthisinour view, thisstudy investi-
gatesand givesaprocedurd layout of theenvironmen-
tal impactsof the hydropower project. Using the soft-
ware(RIAM Badc!), andysisof agenerd hydropower
plant setup isbeing doneto show quantitatively the ef-
fectsof different parameters.

Eiastudy: Hydropower project

The economic growth is solely dependent onthe
level of infrastructural development and electrical en-
ergy formsavery important input to the development
process. Indiahasthe uniquedistinction of having set
up the first hydropower plant in Asia? at
Shivanasamudram in 1902. Since then, hydropower
plantshave contributed significantly to nationa demand
for dectricity. Butitisstill short of providing eectricity
to everyone. Looking to the future demand of energy
matching with theeconomic growth, itisatimely need
to expand power generation by devel opingthecountry’s
hydropower potential. In 2003, the Prime Minister of
Indiaannounced a50,000M W hydropower initiative.
Currently, only 21% of this 50,000MW capacity has
been harvested. Thereisashortage of 10,000MW of
eectricity inIndia Thegod of the Government of India
isto increase the current hydropower generation to
40%. Investment and expertisefrom the private sector
must play acentra inpromoting and achievingthisde-
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velopment. Whilehydropower holdsanimportant role
intheenergy and development strategiesof India, such
natural resource projectsareinherently challenging.
Environmentd and socid impacts-potentidly both pos-
tiveand negative-areinevitabl€?. Theresponsiblere-
sponseisto develop aclear understanding of suchim-
pacts, drawing from analytical aswell aslocal knowl-
edge, and minimizethe negativeimpactsthrough ap-
propriatedesign. Any residua negativeimpactsshould
then beappropriatdy mitigated and compensated; with
ongoing monitoring and adaptive management where
necessary.

Key issues

TheUnited NationsEnvironment Programme(1988)
enunciated the ssmplest and most important principles
relaingto EIA methodol ogy:

e Focusonthemainissues

¢ Involvetheappropriate personsand groups

e Linkinformation to decisionsabout the project,
present clear optionsfor the mitigation of impacts
and for sound environmenta management and

e Provideinformationinaform useful to decision-
makers.

Unfortunately these recommendationsarenot al-
way's heeded. Too much stressis often placed on math-
ematica modeling techniquesrather than practicd as-
sessment methods, and environmenta statementstend
to provide enormous amountsof detailed, unnecessary
information. Thiscan confusethereadersand misdirect
them towardstheappraisa of lesssignificant environ-
mental impacts. So we put forward alist of various
aspects, onwhich EIA study should have assessed for
any hydropower project. Weared so suggesting in brief
themitigative measuresto maketheseimpactsless se-
vere.

I mpactson land environment

A hydropower project requires significant amount
of construction materia's, which needsto beextracted
from various quarry sites in and around the project
ared™. Normally quarrying isdoneaongthehill face
and left untreated after extraction of therequired con-
struction materid. These sites can become permanent
scar on the hill face and become potential source of
land slides. So suitable measures should be provided
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for quarry Stestabilization.

During congtruction phase, variousequipmentswill
be brought to the construction site. Theplacing of these
construction equipments would require significant
amount of space. Similarly, spacewill berequired for
workshop, storing of the equi pmentsand materia setc.
Inaddition, land will a so betemporarily acquired for
storage of the quarried material before crushing, ce-
ment, rubble, sand, fuel storage, parkingfor vehicles
etc. Temporarily various storage sitesneed to be ear-
marked for this purpose. The storage site should be
selected in such away that it should lead to minimal
impactsonthehumanlifeandwildlife.

A largequantity of excavated rock isexpected to
be generated inany hydro eectric project asaresult of
tunneling operati ons, construction of accessroads etc.
Themuck so generated needsto be properly disposed
otherwiseit can lead to significant adverseimpactson
environment. Sometimes muck isdisposed along the
river bank which ultimatdy findsitsway into thewater
body, leading to the adverse on river ecology. Con-
struction of roadsin such areacan giveriseto erosion
hazards, if adequate protection measuresare not un-
dertaken.

I mpactson water resour ces

The construction of diversion weirsand storage
damsfor diversion of discharge of hydropower gen-
eration would lead to reduction inflow downstream of
thewelrsand dam sites up to confluence point of tail-
racedischarge. However, reductioninflowislikely to
have margina impact, asthedischargeduring thelean
season may below, but the sameis supplemented by
contributing fromintervening sreams”.

Impactson water quality

Any hydropower project constructionislikely to
last for aperiod of 3t04 years. Thismeansthat |ots of
people comprising of workers, technica staff, security
guardsetc. arelikely towork during the construction
phase. Thecongtruction phasea so leadsto mushroom-
ing of variousallied activitiesto meet the demands of
theof theimmigrant populationintheproject area. Thus,
thetotd increasein population during construction phase
can be expected to be around 1000 to 1500 for ame-
dium to minor project*®. Thetotal quantum of sewage
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generated may beintheorder of 0.2t0 0.3MLD. The
biologica oxygen demand(BOD) load contributed will
be about 200-240kg/day. The sewage generally shall
be disposed off in nearby streamsor channelsthrough
opendrains, whereultimatdy it will find itsway toriver
or stream. Theinadequate sewagetreatment and dis-
posd facilitiescouldlead toincreased incidence of water
bornediseases. Thusit isnecessary to commission ap-
propriate sewagetreatment facilitiesinthevicinity of
theproject area.

Theflooding of forest and agricultural landinthe
submergenceareaincreasestheavailability of nutrients
resulting from decomposition of vegetative matter. En-
richment of impounded water with organic and inor-
ganic nutrientsbecomesamgor water qudity problem
immediately and commencement of the operationf*¥l,
So detailed dissolved oxygen (DO) modeling isto be
doneto estimate the DO level as aso other physio-
chemicd andbiologicd parametersinthenearby stream
duringitsinitial yearsof operation and thereafter too.

I mpactson aquatic ecology

During the construction, huge quantity of muck is
generated a variouscongruction Siteswhichif not prop-
erly disposed off, invariablewould flow down theriver
during theheavy preci pitation. Such condition canlead
to adverseimpacts on the devel opment of aquaticlife,
which needsto be avoided. Among the aguatic habi-
tants, it isthefish which would be most affected. The
migratory fish speciesarelikely to be affected dueto
obstructiontotheir migratory routewhen any diversion
structureiscreated.

I mpactson noiseenvironment

Increased noiseleve isanticipated only during the
construction phase dueto operation of variousequip-
ment, increased vehicular movement, blasting etc. Gen-
erally thesestesbel ong to no man’sland, so no signifi-
cant impact can be attributed due to increased noise
level. However, presenceof river ecology, itisimpera
tiveto conduct detailed noisemodeling gudieson them.

Impactson air pollution

Normally diesdl isused in construction equipment.
Themajor pollutant which getsemitted asaresult of
diesel combustionis SO,*. The suspended particu-
late materid s (SPM) areminimal dueto low ash con-
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tentindiesal. So detailed modd studiesshould bedone
to ascertaintheincreased SO, level. The operation of
the crusher during the construction phaseislikely to
generatefugitiveemissons, which canmoveevenupto
onekm. Sincethere are no human habitants nearby of
the hydropower sites, no major adverseimpacts can
be anti cipated on thisaccount.

I mpactson socio-economic environment

The congtructionswill generdly last for about 3to
4 years. Thosewho would migrateto the project area
arelikely to comefrom various other partsmainly hav-
ingdifferent culturd,, ethnicand socid backgrounds. Due
tolonger resdencein oneplace, anew culture, having
adistinct socio-economic similarity would develop
whichwill haveitsown entity’®. Job opportunitieswill
improvesgnificantly inthesurroundingarea. Any infra:
dructureprojectsaresignificant partsof socioeconomic
development in every nation, eventhoughitisstill a
controversd issuebecause of largedisplacement of the
local inhabitants. Lack of proper resettlement leadsto
impoverished situations of displaced peopleand this
will constrain soci ety’s devel opment™®. What isthus
necessary issome meansfor reconciling the plight of
the displaced people. This aspect should be clearly
mentionedinany EIA report.

Apart from above mentioned points, EIA profes-
sional shouldinvolve public participation asapart of
their EIA studies. Themain purposeof the participation
isto securethat theinterest of the affected population
aretreated adequately in the project planning. Partici-
pation can bebeneficial to theloca people, helpingto
reduce negative socio economicimpactsfrom hydro-
power projects. Participation can dsointroduce demo-
cratic eement into negoti ationsand agreement that may
form abasefor along term and solid rel ationship be-
tweentheparties. Itisalsoimplied that theloca people
can strengthen their organizationd structurewhichwill
makethem better prepared to definetheir rolein the
devel opment process®.

M ethodol ogy

This section presents EIA methodol ogy using the
Rapid Impact Assessment Matrix (RIAM). RIAM 22
isamethod used to evauatedl sortsof environmental
impacts. It dlowsthe completion of subjective classifi-
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cationsjustified for each analyzed item, resulting not
only inaclear way, the outcome of the assessment, but
also aregister for subsequent revaluations. It analyses
and presentsin astructured, friendly and transparent
environment the numerous parametersand dternatives
of an EIA. It considers all 4 components. physical/
chemical, biological/ecol ogical, social/cultural, eco-
nomic/operationd.

TheRIAM isascoringimpact of componentsagainst
pre-defined criteria, and transpos ng scoresinto ranges
describing the degree of positive or negativeimpacts.
Each component iseva uated against each criteriaand
thevauerecorded in thematrix. Inthisinstance, the
RIAM used thefollowing assessment criteria impor-
tance (A1), magnitude (A2), permanence(B1l),
reversbility(B2), and cumulaion(B3). Usngthe RIAM
formula, the score for each component is then de-
rived™. Thephysi ca/chemical (PC) componentswere
restricted to those that related to the changesin the
quality of groundwater and air pollutantsthat cause
degradation to theenvironment. Biological/ecol ogical
(BE) componentsreflected changesthat might occur
with respect to faunaand floraand aesthetics. The so-
ciologicd/culturd (SC) componentsare concerned with
theeffect of thelandfill on the public hedth and safety

TABLE 1: Environmental classificationsaccordingto RIAM

Environmental Value of the .
Y Value of Description of
classification the class class the class
(ES) (numerical)
Extremely
7210108 E > positive impact
361071 D 4 Significantly
positive impact
191035 c 3 Moderately
positive impact
Less positive
10to 18 B 2 impect
1109 A 1 Reduped positive
impact
0 N 0 No alteration
Reduced negative
-1to-9 -A -1 impact
-10t0-18 B -2 Less negative
impact
Moderately
-19t0-35 -C -3 negative impact
Significantly
-36t0-71 -D -4 negative impact
Extremely
-72t0-108 -E -5 negative impact
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TABLE 2: Factorsaonsidered intheEIA analysis

PC BE SC EO

. Impacts on Public Future energy

Geophysics biota acceptability need
i I mpactg on Work Indigenous
Sail aquatic .
habitats opportunity  development
Population Overal
Ground water growth of the  Economic
area Scenario

River water - - -
Climate - - -
Air quality - - -
Noise - - -

of the peoplelivingintheareassurrounding thelandfill,
inadditionto theimpactson housing. Theeconomical/
operationa (EQO) components deal with thoseimpacts
rel ated to the management mechanism of solid wastes,
maintenance, and operation of landfill facilities.

The degree of damage and benefit, according to
RIAM isshowninthe TABLE 1. Thefirst stepinthe
RIAM isto set up anumber of different optionsfor the
assessment in question, and the RIAM program will
individually processthese. Present analysishas been
donefor implementation phase. TABLE 2 showsthe
parameter considered during this phase.

Discrimination of theresultsfor thephaseof Imple-

mentation phaseisasfollows:
TABLE 3: Summary of scores

Range -108 -71-35--18 -9 0 1 10 19 36 72

-72 -36 19 -10 -1 0 9 18 35 71 108
Clas -E -D C B-ANAWDB C D E
PC 0 1. 2 1 1 1 0 1 O O O
BE 0O 01 0 1 0 0O 0O 0O 0 O
SC 0O 0 0 1 o 0 0O O 0 2 O
SCEO 0 0 0O O O 0O 0 0O O 3 O
Total 0 1 3 2 2 1 0 1 0 5 0

Graphical presentation of theresultsaccording to
categoriesfor thephaseof implementationisshownin
figure2.

RIAM indicatesthat the parametersin the PC cat-
egory are having negativeimpacts. Themost adverse
impact isshown by River water quaity. Andthisisob-
vious. Sameisthe casefor the parameters considered
inthe BE categories. Ashydropower constitutes major
infrastructure development. Public acceptability(local)
iIsadverse, asthey haveto vacatetheir belongings. But
thistypeof dectricity generation projectismgor boost
totheeconomy of thenationaswell asloca areasa so.

e Snoivonmental Science
A ndian ﬂowumé



6 A case study of hydropower project

Environmental Poliey Analysis o=

1= BE
ul

CE 4 NBE R T U S

Figure2: RIAM Resultsfor theimplementation phase
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CONCLUSIONS

Generdly any EIA report will beapart of thegov-
ernment censored report and no one knowswhat pa-
rametersthey haveconsidered or not. Thisstudy isgen-
eraly for anew environment engineering student, of
which they should know about thedifferent parameters
affected by any hydropower project and what could
bedoneinorder to haveminimal adverseimpacts. This
work usesRIAM tojudgethe quantitatively impacts of
different parameterswhich will begoing to be affected
dueto hydropower ingtallation.
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