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INTRODUCTION 

cost of fossilThe decreasing supply and increasng 
fuels for generating electricity have led to an ever-

widening search for more reliable. 'renewable' sources of 

energy. While supply and cost cunsiderations are impor-

tant elements in the formulation of energy policies ofany 

nation, the need to develop cheap and lasting sources of 

energy is particularly acute for developing countries 

which can ill-afford to expend much of their limited 
fuels. Fortu-financial resources to import costly fossil 

nately, in addition to such alternative sources of power 

as biomass conversion. \,ind energy, and photovoltaic 
devices, hydroelectric power is seen as an important 
means of providing energy and promoting economic 
growth in developing countries tNational Academy of 

Sciences, 1976a).* 
A Small lydropower Project (SHP) is defined in this 

paper as including a hydroelectric generating facility with 

a capacity of 1,000 kW or less. .As SI-Ps can be designed 

for a wide range of capacities and environmental settings, 

they can be an effective means of providing electric power 

to small, isolated rural communities. This power can 

have a number of social benelits, such as an increase in 

the standard of living through' providing home lighting 

and electricity for basic health services and educational 
by an SHPfacilities. Moreover, electricity generated 

could contribute to economic development in the region 

1y increasing the productivity and profitability of agri-

culture, cottage industries, and commerce in general. 
can be useful tools inSuch socio-ecnomic bcnelits 

stemming the rural-to-urban migrations that have 

plagued large cities in dvcloping countries and widely 

led to sericus rural decline, 

Poorly planned or uncoordinated SHP development 
can also have adverse environmental impacts in the af­
fected region. Recently we discussed (Cada & Zadroga, 

1981) potential environmental impacts that can arise 

from the construction and operation of SHPs in develop­
ing countries. In the present paper, we briefly summarize 

these impacts and suggest the types of data that should 
be analysed in order to assess their significance. As such. 

the paper can be used as (I) a suitable basis of methodol­
ogy for incorporating environmental factors into an 

overall site-selection procedure which also entails engi­

neering, sociological, and economic, considerations. ard 

(2) a guideline for judging, avoiding, or mitigating, site­

specific impacts on natural resources when once an ac­

ceptable SHP site has been id'.ntified.* 

SCREENING STUDY METHODOLOGY 

A screening study is necessary at the stage of site­

selection where a large number of potential SHP sites 

(say 1,000) is reduced to a smaller number ( < 100) of 

viable sices for which data car be collected to perform a 

detaileo feasibility assessment. Because of the large num­

ber of sites that may be involved in the screening study, 

site selection is based on coarse-grained, fundamental 
criteria, e.g. the availability of water to ensure reliable 

generation to satisfy demonstrated need for power. 

Many of the enviionmental factors that are detailed in 

this paper are relatively line-grained, i.e. they do not 

greatly influence such basic considerations as reliability 

of SlIP operation or efficient utilization of electricity. 

Therefore, incorporation of most environmental tactors 

into the overall site-selection and dcvelopmet process is 

reserved for the feasibility study, where the number of 

*In response to our query concerning possible illustrations, Dr 
Cada replied that he does 'nol have any available to send to you 

*For wider environmental impact assessment and site-selec­
in time. IHowever, National Academy of Sciences (I976a) does 

t refctcc that UNEP's Guidelinesin its book tion. it is recominended byprovide numierous dr:,miings and photos of S lH's 
may gain fir .4ss,%cinig Industrial .'nvironmentallIpuct aidEnvironmental 

Energ' for Rural DevelopMent... so that the reader 
Criteria lor the Saing oJ Industry (Paris: xv + 105 pp., 1980) be 

additional perspective of the su/e and appeairance of these in-
consulted. - Ed.stallations by obtaining this fice book.'-- Ed. 
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sites is small and the data necessary to make a meaninp-
ful assessment ofenvironmental impacts can be collected. 
However, there are four basic questions which must he
satisfactorily answered in the screening study inorder to
judge whether a site is viable from an environmental 
point of view: 
Question (1): 	 Should development be stimulated in the 

area and, if so, what type of development
will be stable, productive, and protective
of the resource-base? 

Of special concern in the screening study is the early
identification of productive land-uses that will be sus-
tainable and non-exploitive of the renewable natural 
resource-base (soil, water, f'orests, fish, wildlIfe, etc.). In 
many areas local rural industries should be based on 
agriculture, while in others their natural :esources make
them most suited for forestry or fisheries. Inadequate
consideration of the most appropriate development 
strategy could, in the long term, cause problems that
would negate many of'the benefits of rural electrification. 

There is a commop tendency in Third World countries 
to colonize forested hinterlands and so expand the agri-
cultural frontier in the hope of improving economic con-
ditions and reducing rural-to-urban migrations. An SlIP 
can be a decisive factor in the success or failure of this
kind of effort. When neither adequate analysis is made 
of the potential productivity of these colonized areas, nor
appropriate orientation given to the colonization 
process, the expected riches of the 'new frontier' fre-
quently turn into degraded and eroding wastelands that 
in turn take their toll on small colonizing farmers. In the
wake of such colonization it is all-too-common to find 
depleted forests, fisheries, and wildlife (upon which the 
colonists have had to subsist), and perhaps the initiation 
of watershed imbalance that will be likely to cet worse 
and worse if land-use practices do not improve on their 
previous showing. 
Question (2): Is the available water-resource of'adequate 

quality and 	 quantity to meet project
needs? 


For all sites, the availability of adequate stream-flowsto ensure efficient and reliable hydroelectric power
generation is a fundamental crit.rion that must be satis-
fled at the screening stage of ite-evaluation. High
sediment-l, ads may cause excessive abrasion of the tur-

bine and decreased Ie of' the Ilicility. Recent, accurate 

records of stream-tlow and sediment discharges for 
a 

minimum two- to three-years' period (prel'crably longer)

must be available---to determine the appropriate size 

and type of turbines, aid to predict the daily and sea-
sonal supply of %ater for the generation of electricity. If' 
the required two- to three-years of' base data do not exist 
for a given potential site. serious consideration of the site 
should be del'er ed until such information is available, 

Every effort should hc made in the screening study to
icientifv all existing or potentiAl public and prva tc water-
users (including uin imurn tlows niccessary to support
aquatic biota, ira',igatrol, and :iiV necessary dilution of'
wastes) that allect flo s in ti stremu. 'lie location olall 
water intakes and discharges in !he :af'cted arca, Iswell 
as the respective llow%-rates and nature of the cltluents, 
must be determined. Only in this w.iy car, potential 

water-use conflicts, such as might prevent SHP develop­
menit, be identified and resolved.
 
Question (3): Is the proposed site near to, or in, 
a pro­

tected area that enjoys special legal status? 
Is its land-use capability such that it 
should be declared in part, or in its en­
tire:y, a wildlands area? 

If a protected river or area Ilbr example a national
park, forest reserve, wildlife preserve, sanctuary, or ref­
uge) is threatened by construction and ope-ration of' an
SHP, it may be legally impossible or inadvisable to de­
velop the site, whatever the projected benefits. Similarly,
if the existence or habitat of any rare or endangered plant 
or ainmial species is threatened by SI-I P developncnt, the 
site may not be t'casible from both an environmental and 
legal standpoint.
Question (4): Is there adequmite local interest and sup­

part to uphold the environmental protec­
tion requirements of the project?

The local community that is dcstined to benefit from 
an SIP, should be involved in the planning and develop­
ment of the project as early as possible. It is important
that they be in agreement with thL project and support
it in all its ramifications. With respect to the environ­
nient, it may be necessary for the local people to provide
lands for the pr.)'ject site and road and transmission line 
rights-of-way; for certain projects a protection watershed
will need to be established and the local or national 
government will ha%e to provide these lands, watershed 
guards, and other resources that may be needed to assure 
an adequate water resource for the SLIIP. 

Such potential requirements as these, although not yet
fully developed during the screening study, should be 
discussed with the local community, and an affirmation 
of 'ull cooperation should be received from the commu­
nity before proceeding to feasibility stages of investiga­
tion. 

FEASIBIVTY STUDY METFIODOLOGY 

The feasibility study is conducted at and as the final
 
stage of site-selection, wherein a relatively small number

ofpotential SI 11) sites are examined in greater detail than
 
hitherto, and the best ire selected lor development. This
 
process necessarily requires precise facility designs and
 
drawings for each site, and the collection of site-specific

engineering, environmental, sociological, and economic,

data with which to make an evaluation of' benefits and 
impacts. As conduct of the fleasibility study will require 
a significantly greater investment of time and money than 
the screening study, it is advisable to carry out the early
site-screening procedure in a way that minimizes the 
number of' sites which must b,- considered, and which 
could be re jected at the feasibility stage of site-selection. 

This section deaIs with environmenital considerations 
that should be taken into account durigir the feasibility
study,. It may be diided into two generai parts: first, bricf 
sunimmarizations o!' potential environnental impacts of 
SIlP dcclopicnt (under the next 1 sitdc-headings), and 
second, comnpil tion ol'a check-list toflsuggested inforina­
tion that should be gathered in order to judge the mag­
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to augment existing flows. Finally, run-of-the-river facili­
nitude of these impacts at a given 

n 
site. This list, under the 

ties are those whose operation is tied to normal river­
i('t hi rlation',

side-heading Check-iHIt a1/gfirov
flows (below in Fig. 1). These SliPs do not include an 

on page 334 .
has 28 n,umbercd items and starts 

is present,, experience little day­
impoundment or, if one 

to-day change in storage capacity due to power genera-

Discussio~ of Potenltitl Impacts 
When the basic design has been selected, all impactstion.
 

When considered on a global scale, Small I lydropower 
below the point of entry into the list should be explored.
 

a wide range of facilityencompassProjects (SiIPs) will 

l:or example, if a wter-storage reservoir is to be part of
 

designs and environmi,'ital settings. For example, the
of the development, it will be necessary to consider the 

basic criterion of an Sill, i.e. a generation capacitY cmire list of possible impacts resulting from it. On the 
< 1,000 kW of electricity, can be satisfied by either high-


other hand. if the SlP utilizes a run-of-theriver design,

Iaig-flow installations, andhead/low-flow or ~ 

without a reservoir or inter-basin diversion, many poten­
the environmental impacts resulting from the two designs 
are likely to be quite different. Similarly, the creation of til
 

aded war­
tOal pr el aqccur anti t s 

water for reliable, year-
a substantial reservoir to store detailed exanlikl t occurn.
 
around generation may be required at some sites and not 

As with most inan-induced stresses, the magnitude of
 

at others. The need for an impoundment is of fundamen-
environmental impacts resulting from SiP development 

to the assessment of environmental ef-
is generally related to the size of the facility. Thus a 100­

tal importance a biocaucae ~lsramutin 
of water can result inchangenumber of physical, chemical, andipl

fects, because impoundment kW facility is likely to cause fewer problems than a 1,000­
and biological, changes in 

the amounts of construe­kW facility-simplY because 
that will not occur if a no-impoundment tion material, watershed disturbance, grading, and di­

the stream
design is used. The discusions of potential impacts that 

verted water, are less for the smaller facility than for the 
follow are intended to cover the entire range of SHP 

larger one. Of equal inportance. however, is the amount 
of the considerations may

designs, and therefore some of water that is diverted relative to the total flow in the 
or site-conditions.flospecliiic enviomna pairticular installations 

stream. A 100-kW plant may have a greater impact if it 
not be appropriate for 
sp i of the flowbeapvironmitl condiLions. 

withdraws a proportionately larger amount 
Figure 1can be used as a guide to deterr iine which Po-

from a small stream than a 1,000-kW plant located on 

tential environmental impacts are ot greatest concern for 
a large river.
 

a particular SlIP design. Three basic designs are listed in 
The significance of environmental impacts can, how­

a water-
Fig. I. Operation of facilities that incorporate 100-kW SHP may have littleaever, vary seasonally;cause sub- in the rainy
storage impoundment (above in Fig. 1) may 

and tail- adverse impact during high stream-flows 
to thereservoir water-levels may represent a significant stress

stantial fluctuations in season, but 
water flows on a daily or seasonal basis. Some SHPs may 

aquatic system during times of low-flow. These variable 

divert water from other drainage basins (centre of Fig. 1) 
conditions niust be considered during the conduct of the 

feasibility study, in order to arrive at a reliable evaluation 

of the expected potential and miximum foreseeable en-
IMPACTS 


SHPDESIGN 
 POTENTIAL ENVIRONMENTAL 
vironmental impacts.

Eu"ROI ,CA'IN 
IrIIAPING 

SADUATIC WELDS AN 

AND SEOIMNT 
WATERSTORAGE RESERVOIR 

OR 1RIIE'AIABLE IMPACTS
 
IRREVERSIBLE 


* NUIRIENT 

Flow-disruptionl 

forDisruptions of normal instream flows are most likely 
impoundmentsFLOW DISRUPTIN utilize mainstreamat SHPs which *he reser-

SDMON o water-storage. Decreased flow downstreamn if 
voI rS EDLOOON'ON EUSl iTocu utjv 

AEINTERBASININTER~WATER~~~DIVERBAI wATEH UALIY 
war Will occur during daily or seasonal filling. Converse-
TviLO ON..... . Nqt ELO D above natural rates during
ly, flcv call be increasedSLANDPARASITESRBOnNCEDI%[WATE 

or when large volumes of water 
hydropower generation 

trom the intake structure, 
to flush sedimentsare used 

to channel- and bank-erosion and downstream 
of the effects of 

]M leading Detaild consideration1 I sedimentation.IMPACTS the physical and bio-IIPACTS 

TIHERIVER 
 . CONSTRUCTION flow regulation and disruption on 

RUNO AIVUSLS. ,ALIERNNAI,' lildebrand (1980a)
NO RESERVOIR. environment is provided in 

LILLANDlogicalNOIN"tERBASIN DIVE'-N LANU ANO VI. VI LOI'MENT
* 

DIVERIONNO INTR BASI and Petts (1980).
IMI'A• SECONDARY 

Sedinlenation 
Fig. I. Potetial niirmental impacts a.ssociated with difirent 

High suspended-sedinient loads in the stream can af­
snmall hydropowcr 1 rojEc designs. 

and maintenance of the turbine- for exam­
fect operatitnl acceleratedcause turbine pitting and
pies. sedimentsI and this check-list. mayA specialist referee, referring it Fig 

high suspendd edin et loads 
Wear. Moreover, as aysrende-seinuchf oreo eri

which allows [weightingsuggests that 'A sysielitic Iva otrelevant crieila would also be 
useful for etsuhlishing the deciion-treC such as potableforeclose certain downstream water-uses

in Step 3 of tht value-analysis irrigation water-supply.
oQl the different criteria, 

procedure'.or 


http:procedure'.or
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Where impoundment or decreased water-velocities 

occur, sediment loads will drop out and till up engineer-
irrigation canals, reservoirs, anding structures (such as 

intake structu -s), thereby increasing maintenance costs 
their usetul lifetime. Sedimentationand/or decreasing 

can have adverse impacts on aquatic organisms by bury-
ing rock or gravel tish-spawning areas and smothering 
clams, mussels, other bottom-dwelling, organisms. lish 
eggs, and rooted aquatic plants (1Loar el al., 1980). 

Sedimentation within a stream can be controlled to a 
large degree by development of a watershed management 
plan in which land-uses in the catchment are regulated 
to minimize erosion, and through strict control of project 
construction impacts (e.g. road-building and cutting of 
canals). 

Alternative Water-uses 

Impoundment or diversion of water for hydropowei 

generation may affect the quantities of water that remain 

available for such alternative uses as irrigation, human 

or livestock consumption, industrial uses, or dilution of 


industrial effluents. Under certaindomestic sewage or 
circumstances, it is possible that ground-water recharge 
may be diminished by altered stream-flows, thereby af-
fecting the water availability in wells, 

It is important to maintain minimiiu flows in all sec-

stream in order to ensure the survival oftions of the 
resident aquatic organisms, to allow migrations of fish, 
and to guarantee adequate supplies for human use. Every 
effort must be made to identify all existing or potential 
alternative water-users and to consider legal consraints 

which would determine priority uses and water-rights 
acquired by prior water-users. 

FloodControl 

An SHP which temporarily diverts a portion of the 
normal stream-flow for power production can be expect-

no effect on either diminishing or
ed to have little or 
increasing the quantity of flood-flows. Tlhose installa-
tions which include reservoirs could utilize any addition-
al storage space to retain flood-waters and thereby re-
duce downstream flooding. Inter-basin transfer of 
generating water could have the effect of either drawing 
off flood-waters from the donor basin or contributing to 
flood-waters in the recipient watershed. 

Water Qualitt' 

Direct water-quality impacts could occur at those sites 

whose designs include (a) diversion of water from one 

source or watershed to another, or (b) creation of a 
of" water above the intakesubstantial impoundment 

of water from another source tostructure. Diversion 
augment existing flows will introduce, to the receiving 

stream, water with diflferent physical and chemical 
is drawn from thecharacteristics. 1fthe diverted water 

vicinity of mines, ore-processing facilities, industrial dis-

charges, or intensively Cutltivated land, it may be otlower 

quality than the receiving stream. 
Water that is impouido'd in relatively deep, sheltered 

reservoirs may become thernally stratified. Reservoir 
oxygenstratification can lead to depletion of dissolved 

re­and increases in hydrogen sulphide, ammonia, and 
all. of which will degradeduced iron and manganese -­

downstream water-quality (Cada et at., 1981).
 

Impacts on Aquatit Organisms 

Operation of an S:tP can affect aquatic organisms ci­
ther directly (turbine-related mortality, impingement, 
etc.) or indirectly (habitat alteration). Injury . r mortality 
to downstream-moving organisms may occur when they 
are drawn into the intake structure and passed through 
the turbines. Turbine mortali'es can be as high as 100%, 
particularly when turbines are operating at low elficien­
cies (Turbak et al.,1980). Organisms which are too large 
to pass through the intake debris screens may be imping­
ed against the screen and suffer mortality due to as­

phyxiation and/or physical damage. 
Indirect effects on aquatic biota of SHP operation may
 

include deterioration in habitat due to suboptimal
 
stream-flows (Ilildebrind, 1980ar Loar & Sale, 1981) and
 
turbidity, with sedimentation following maintenance
 
dredging (Loar et al.. 1980). In extreme cases the river
 
may dry up completely due to complete diversion or
 
inlpc undment--resulting in a loss of bottom organisms
 
and a potential blockage for up,,tream- and downstream­
migrating fishes kGeen, 1974; Ilildebrand, 1980h). Im­
pounded water inundates terrestrial habitat as well as
 

stream habitat and potential spawning sites of riverinc
 
fish. Aquatic organisms ad.,pted to flowing water in the
 
unimpounded stream will then be replaced by species
 
which are adapted to life in a reservoir (Baxter, 1977).
 

Water-borie Diseases and Parasites 
As with water-quality impacts. the operation of an 

to affect the trails-SlIP facility per se is not expected 
the self­mission of water-borne diseases. Although 

purifying capacity of water moving quickly in a non­
turbulent flow through a headrace and penstock may be
 
reduced relative to movement of that same water over the 

natural stream-bed, this factor will probably not be sig­
nificant in ino;t cases.
 

Facility desii ns incorporating inter-basin (watershed)
 
diversions or .ater impoundments can promote water­
borne diseas" problems. Water contaminated by human
 
sewage or runofl from livestock enclosures can spread a
 
wide range of diseases, such as typhoid and cholera
 

(Stein, 1977a), which could be introduced into a previ­

ously uncontaminated stream by inter-basin diversions.
 

The impoundment of water ina hydroelectric reservoir
 

could enhance survival of disease organisms, because
 

those factors that are critical to self-purification ofrwater
 

in a stream (turbulence, sunlight penetration, oxytcena­
are reduced or eliminated in a reservoir. ti­tion, etc.) 


nally, water impoundments provide increased habitat for
 
are vectors of such diseases as mala­mosquitoes (which 

fever, and dengue) and sn;tilsria, encephalitis, yellow 
hosts of other animal and hutalln(which are alternate 


pa rasites such as schistosoniasis) (lrown & l)eoin,
 

1973). On the other hand, the elimination of fast-Ilhwing
 

sections or streams by impoundment could cause a lo­

calized decrease in the incidence of onchocerciasis (river
 

blindness).
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intake structure, increasing
operation by clogging the 

from the reservoir,evapotranspiration losses of water
Construction of access roads, dams, divion on carals, 


reducing the ell'ective water-volume of the reservoir, har­

and parasite hosts, increasingbouring diseise vectorsr.:sult in the disturbance or other on-site activitieS, will 
sediment- and nutrient-trap efliciency (thereby decreas­.
 

and movement of erodible soils. Sound engineering prac-
rices, e.g. the Use Of soil Stabilization tcchinques or storm-

ing the useful life of the reservoir), and hindering alter­
c teiue tiom-swtic eeies, .eg.theuseofsoilsabtn waterg) vestocktican reduce sedimentation impactswater retention dikes, 

on stream organisms during construction. Care must also 

Static conditions created by reservoirs also favour the 
be taken to prevent oils, greases, and cnemical wastes, 

excessive growth of planktonic Algae. Some species of 

from being discharged into streams. some Blue-green Algae 
Operation of transmission lines may require the clear-

Algae setnsuhitis.Unto, especially 
gtation-r e 'cor- that thrive in warm. nutrient-rich waters, release chnemi­

ing of relatively vmaintenanceig and to animals. Ihe decomposition of
cals that are toxic 

ridors'. Such activitis may restrict alternative land-uses, 

usually not signiiicant. In excessive growths of such Algae and large aquatic weeds
 

but impacts on wildlife are 
Canlsignificantly degl'lde wate-qLiality both within the 

cases where terrestrial habitat diversity is increased by 
from the SlIP discharge.reservoir and downstream 

transmission-line corridors, wildlife may actually benefit. 
The problems of nuisance growths of Algae and aquat­

ic weeds, as well as techniques for dealing with them, are 

Land-use and Development 
considered in greater detail. e.g in Mitchell (1973). Bach­

19 18b), and the National 
The immediate, direct land-use impact of an SltP is the 

man (1978), Rhodes (1978a.
(canals,on-site componentsof land for Academy of'Sciences ( 1970b). The development of0quat­

commitment andetc.). access roads, 
ic weeds, and the cost of their subsequent control, mustwhen examining the feasi­

penstock, turbine buildings, given serious consideration war~be oa t e in 
transmission lines, If a water-storagae reservoir is part of 

es spe ia wll yh e 
p rime , b iiv o Ss i 

-to o -ot ten po ten ti a lly 
bility of Sill

) sites--- especially hose located ivwarm 
the desig n ,som e lan d (all 

climates or at low altitudes. -

v.ill be inundated.
 

an settlements) 

river-bottom farmland or land already occupied by hum-

have the effect of 
SIP development will be likely to 

human Wildlife Impacts
promoting other development and increased habitat, while construction 

Site clearance and road construction for an SHP mayelim.inate critical wildlife a
of influence. mnadeCostructionfor tihe entireofpopulations in ivsarea
capability determinations have been 

crtclwllf.aiawiecntut~elmnt
should not he approved until land-use 

hydro-installation noise and activities could interfere with nesting of birds 

be feeding t e project, andhuld of terrestrial mammals. Crea­
drainage basin that w or migratory movements 
adequate management and 

prection strategies have 
tion of a reservoir will permanently inundate floodplain 

u ate geenan rted vegetation (which often provides excellent wildlife hab­
been approved and enacted. 

displace associated terrestrial animals. 
itat) and will or altermay preventFlow-regulation during operation 

Nutrient- and Sediment-ti apping E/fects of natural flooding of 
the extent and seasonal timing

reservoirs may that areincorporate wetlands-systemsSHP installations which downstream marshes and 
a stream enters 

as sediment- and nutrient-traps. As 
aquatic and terrestrialact extremely important to numerous 


the reservoir, its cross-section increases, reducing flow-
species of plants and animals.
 

velocities and decreasing sediment transport capacities. SIlIP reservoirs may create or 
On the positive side, 

This causes a selective sedimentauion phenomenon (delta 
improve habitats for terrestrial wildlife. In arid regions, 

a source of 
formation) which depends primarily on the f-all velocities 

impoundhents may constitute permanent 
the mean flow-velocity and therefore could 

of the sediment particles and wheme none existed before,water Im­
through the reservoir. The phenomiena of nutrient- and of wildlife populations.

for the expansionallow vegetationshallow-watersediment-trapping elects are treated in detail in HIlde-
poundments with emergent, 
will provide nesting sites, food, and shelter, for waterfowl 

braud (1980a). 

Impacts of water-storage reservoirs on terrestrial wild-
Aquat icWeeds and Eutropicaitio 

life and hai;ita, are discussed in greater detail by Trefe­

'Nuisance' aquatic vegetation can cause operation and 
and by Heinenknecht & Paterson ( 1078). 

maintenance problems at SIPs, especially when an ira- then (1973) 

By slowing the river cur­
poundment has been created. 

rents and trapping sediments and nutrients, many new Secondary Impacts 
growthexcellent conditions for the 

reservoirs provide In addition to the primary, direct impacts on environ­
(e.g. Water-hycinth discussed in previous

of macrophytic floating-plants mental resources that have been 
Pisti stra-Water-leituce 

sections, the provision of electricity to rural areas by St il' 
[Eichlorpiia crassi.pcsl and 

drilla [llwlrdhi number of secondaryatiotesl), submerged, tooted vetation II 
development is likely to have 

lithuanliCil and wit C ul foil I,%It1 '.1lhn spp.1), and/ 
effects. I-or example, establishment of new roads, small 

plants (cattails I IFv;'/ spp. ,bul-
Cal bilitics, and immigrationemerl'elitor rooted, Not on1y do industries, and irrigation 

rushes IScirpus spp.], and ma nv : 'hmcr,). areas. aie all potential social benelit.,
into undeveloped in them­

these plants have profoulnd CleLtts On the aqtuaic bmolog-
front rural electrilication that could,

Sill' derivedalso interfere withbut they canical comnluil ty, 
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selves, have effects of greater magnitude on the environ-
ment than the SIP per se. 

Regional developments fillowing electrification could 
include increases in the human population (by either 
promoting immigration or stemming emigration), agri­
cultural (irrigation) activities, livestock production, and 
local industries-any of which could have important 
consequences for the water and land-use patterns in the 
region. Population increases in the regions served by 
SHP electricity will create an augmented demand for po-
table and/or irrigation water and also for waste-water 
treatment. Small communities tha( currently have no 
drinking- or waste-water treatment facilities may en-
counter increasing problems with water-borne diseases as 
the population increases and the ability of the environ-
ment to assimilate their wastes decreases (Stein, 1977h). 

In similar manner increased needs of water for such 
purposes as irrigation or aquaculture may occur as an 
indirecL result of rural electrification and concomitant 
population increases, and may add unacceptable stresses 
to limited resources. It isaccordingly of great importance
that different planning and development programmes 
which affect land and water resources within a region be 
coordinated, so that present or projected additive im-
pacts can be identified and mitigated at an early stage in 
the planning process. 

Irreversible and Irreparable Impacts 

Irreversible and irreparable impacts will occur most 
commonly when SlIP development involves impound-
ment of water. Irreversible commitment of soil resources 
will result from impoundment and consequent flooding 
of river valley-bottoms. Depending on the site. geolog-
ical, archaeological, historical, and/or cultural, resoures 
may also be lost to flooding. In addition, the creation of 
an impoundment will normally result in siltation in the reservoir and an irreversible a(eration in the topography 

of the valley-bottom below the reservoir (Buma & Day,
1977). 

Construction Of SI-IPs Without impoundments w~ill
normally not result in irreversible or irreparable commit-
ments of resources except in cases of alteration of unique 
waterfalls or 'wild' rivers. With adequate planning and 
project design;, these impacts can usually be avoided orminimized. 

Check-list of Environmental Information 

The check-list in this section provides suggestions for 
the types of information that should be collected and 
analyzed in order to assess the relative significance of 
these impacts at a given site. Most of the necessary 
information is at tile reconnaissancec level: that is. it can 
usually be quickly obtained by cxamining existing maps. 

.reports, and publications, or by contacting appropriate 
!.;ople in govern ment a cencies, universi tlies, or local 
communities. The items req uestcd by m ns of lthe check-
list are intended to represent the miinmum infornation 
needed to cover a wide range of potential sites and en-
virunmental settings. In certain instances, particular fac-

tors may be inappropriate or additional questions may
need to be asked in order to understand and predict the 
environmental impacts of the site development: 

(I) 	 Obtain topographical maps (1 :25,000 if possible) 
which show the location of tile SlIP components 
and, if a water impoundment is planned, the bathy­
metry of the future reservoir. 

(2) Obtain low-level aerial photographs of the site -nd 
watershed 

(3) Obtain stream-flow data through a number of re­
cent years with a view to being assured of the main­
tenance of sufficient flow in the stream (for aquatic 
biota) and foi reliabilitv of the SlIP operation. 

(4) 	Obtain rainfall data (e.g. rainfall intensity values) 
for the study area. 

(5) 	Determine water %%ithdrawkal rates for SHIP opera­
tion and the location of the intake and discharge 
structures. 

(6) 	If a wNater-storage impoundment ispart of the SlIP 
design, determine the timing of reservoir releases on 
a daily and seasonal basis. 

(7) Determine the altcnati\e water-uses (including in­
stream needs for the protection of aquatic biota) in 
the area, the location of all water intakes or dis­
charges in the affected areas, and the flow-rates and 
nature of all effluents. 

(8) 	Locate. important wetlands that could be affected(for 	example, drained or filled with ,,";Imnt) by
(oruxaml drai of th S mtbconstruction and operation of the SHIP. 

(9) Locate important alluvial floodplains that will (or 
m 
ervoir flow-regulation. 

(10) 	 Locate other water-bodies (lakes, reservoirs. etc.) 

that 	 areas 
stud, area.I I ) According to the life-zones and ecological maps ofthe country or other area involvcd, determine which 
of these zones occur in tie watershed under study. 
what runoff distribution could naturally he ex­
pcdfrmehli-on(roter aprpitpeceed from each life-ione (or oth r appropriate 
balance estimations, anid how maoy ellgcti vl ydry 
months there are in each annual water-cvcle. 

(12) 	 Obtain 4nup-to-date map ofactual land-uses ofthe( 	 )Oti nu-odt a 1 culln-sso h area, determining which are the predominant ones. 
(13) 	 Obtain or prepare land-usc capability or land-use 

potential maps developed for the general study area, 
and determine what resource-use potentials exist br 
the watershed with which you are concerned. 

(14) 	 Determine what land-usc and vatershed-protection 
plans can be developed in order to minimize adverse 
secondary impacts. 

(15) 	 Determine what inportant soil, geological, histori­
cal. cultural, or archacological, resources would or 
could be lost as a result of site construct on, access­
road construction, iransinission-linc construction, 
impoundlment or other S111P activity. 

(16) 	 Dctermne whether the SI 11' site is nv.ar a protected 
area (preserve, sanctuary. refuge, or dc licted area, 
etc.) that may require special consideration. 
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(17) 	 Determine whether stream-waters near the site are 

used for fish spawning, nursery, or feeding areas, or 

as fish migration routes. 
Determine whether any rare, endangered, or corn-(18) 
mercially or recreationally important, species of 

plants or animals inhabit the region. 
(19) 	 Identify the principal aquatic species present in the 

area affected by SIIP construction and operation. 

(20) 	 Determine what species are harvested for sport or 

commercial purposes in the area, the harvest level 

and seasonality of harvest, and what fishes or shell-

fishes are harvested from the stream for food by the 

local community. 
(21) 	 List the water-borne diseases or parasites that are 

endemic to the area, and determine the possibility 

of spreading or accentuating disease problems by 

SHP development, 
area, or(22) 	 Identify species of aquatic plants in the 

to it, that could interferecapable of introduction 
and alternativewith hydroelectricity production 


water-uses. 

(23) 	 Identify any pre-existing (natural or man-induced) 

environmental stresses in the area, and any future 

developments that may be planned for the area and 

might add additioy d stresses; characterize and, if 

possible, quantify these stre.;ses. 
Estimate the nature and size of suspended sediments(24) 
in the stream as well as the bedload (relatively large 

sediment particles moving along the channel bot-

tom) of the stream. 
(25) 	 Obtain water-quality data. especially regarding 

solids, salt, nutrient, andtemperature. dissolved 
dissolved oxygen levels, and investigate the possible 

presence of toxic materials or disease organisms. 

(26) 	 Identify any active or projected mining activities in 
are any, determinethe study area and, if there 

whether they are (to be) open-pit or tunnel mines 

and how their wastes are (io be) handled. 

(27) 	 Consider any particular design features of the S-IP 

plant (e.g. impoundment or trans-basin diversion) 

which would necessitate special consideration with 

regard to environmental impacts. 
(28) 	 Determine the possibilities for avoiding, reducing, 

or mitigating. environmental impacts of SI II site-

development, by adequate prior planning to keep 

any undesirable effect to an absolute minimum, 

all of these requests for informationResponses to 
should be provided on the basis of the questions as stated 

and the foreseeable outcomes. If no information is avail-

able for a particular item, this should be expressly stated, 

a list kept of tile full names and addresses of alland 
people contacted in the search. If certain information is 

critical to the final :asscssment, and could be generated 
with 	relatively little time and resource expenditure (e.g. 

field checking), this should be done. 
When all available information has been assembled. 

of definite or possible environmmentalthe significance 
impacts arising fron development and operation of the 

Sill' should be judged by conipeteit people with cx-

perience in -,rovironnental imn1pact assesslent --- by 

weighing the cost of irreversible impacts or preventive 

and mitigative measures apainst the benefits ofelectricity 
to the small scale ofto the community. In general. duce 

SHP developments, sophisticated monetary quantifica­
costs and benelits are not jus­tions of environmental 

tified. However, for certain impacts that involve ex­

cessive costs or benefits and that therefore have a decisive 

role in the acceptance or rejection or a given site, it may 

be desirable to estimate monetary costs and/or benefits. 

RECOMMENDATIONS 

Small Hydropo-'er Projects (SHPs) have a number of
 

advantages over other sources of power as a means of
 

providing electricity to rural areas especially in the Third
 

World. They represent a relatively simple. proven tech­

nology and are generally easier to operate and maintain
 

than thermal power-plants. As SHPs utilize a renewable
 

resource to generate electricity, they are not subject to the
 

problems of fuel cost and supply which may affect the
 

reliability of thermal power-plants. 
As with other energy technologies, how~ever, there are 

potential environmental impaLcts associated with the con­

struction and operation of SlIPs. Since decisions about 

the significance of these impacts at a candidate site will 

be largely judgmental, both the screening and the feasi­

bility stages of site selection should be conducted by 
an environmentalindividuals with formal training in 

natural resources management, ecology, orfield (e.g. 
forestry), and with experience regarding impact assess­

ments. 
To streamline ,he site-selection process, competent 

individuals within the utility (or other organization in­

volved in SIP development) could carry out the screen­

ing study. This would have the advantages of (1) speed­

ing the process of early site-selection (much of which is 

based on engineering and need-for-power criteria), and 

(2)developing a sensitivity to environmental issues with­

in the utility. 
The feasibility study, however, should be conducted by 

an independent individual or agency that has no or­

ganizational connections to the SI IP development agen­

cy and therefore has no potential conllicts of interest. 

Ideally, the expertise needed to carry out a meaningful 

feasibility study could be found within the country. either 

in the form of a government agency which has such 

capabilities and authority or professionals (e.g. suitable 

and usually senior university statf) who could be put on 

contract as consultants. If the required expertise cannot 

be found within tile country itself, it imy be necessary to 

obtain the services of foreign consultants (who are legion 

but not always good) to ensure that a critical and objec­

tive analysis will be made of th1e candidate sites.* 

The first step in the feasibility study is to compile
inrelevant 	 environmental inforintion for the region 

question. This could be done most efliciently by contact­

'contacts 	with foreign consultants* A referee suggc ts 1ihal 

could 	be esiahlihed with the help ti" inrtermilmmil infittitios 

N FP, or ItICN's new o(.onscr'.ititn for Developmentsuch ;is t 

(critre"'. Ed.
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ing local individuals or government agencies that have 
responsibilities and expertise in the particular environ-
mental discipline, or that may have some regulatory 
responsibility with regard to SI I P development. For e:x-
ample, information on the potential for disease problems 
and necessary preventive mcasures could be provided by 
a governmental health department or World Ilealth Or­
ganization ollice, whereas present and planned land-use 
patterns in the alfected area could be determined by 
consultation with agricultural agencies. It is essential that 
all potential sources of information be contacted at this 
stage, to identify any possible environmental problems 
and to ensure coordinated, well-planned development, 

When the requisite environmental data and detailed 
engineering drawings of' each seriously conSidered site 
have been obtained, the short-listed candidate sites 
should be visited by the entire feasibility study-team. This 
will allow the team members to assess the en, ironmental 
and social setting in which the project will be developed, 
identify any previously unanticipated probletns. and dis-
cuss the project with the local community. The site visit 
will provide a valuable perspective which will enable the 
interdiscipliniry team (engineers. ecoloeists, socioloL'ists, 
economists, and others) to weigh the various projected 
benefits and consequences of SHP development at each 
short-listed candidate site before making its final e-
lection. 

In summary, the principal objective of incorporating 
environmental concerns into an overall site-selection 
methodology should not be to hinder the provision of' 
electricity to developing countries, but rather to orient 
development in an environmentally sound manner that 
has every chance of permanent and universal acceptabil-
ity. To the degree that SHPs promote rural industries and 
improve the lot of small farmers without entering into 
conflict with basic environmental resources. they will be 
doing a service to rural development. In addition to the 
obvious benefits of clectrification. rural popula tiois 
served by SliPs will receive some environmental educa-
tion and technical training, and will have the opportunity 
to manage arid control their own resource-base. Finally, 
as the screening and feasibility study methodologies may 
require personnel training and collection of basic en-
vironmental data, they will have secondary benefits of' 
enhancing the environmental capabilities of the country's 
institutions and promoting better resource management 
and conservation, 
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SUMMARY 

Small Hydropower Projects (SliPs). defined as includ­
ing hydroelectric generating facilities with capacities of 
1,000 kW or less, have great potential for elevating the 
standard of living and contributing to the economic 
growth of isoluted rural communities especially in Third 
World countries. Ilowever, construction and operation 
of an Sill' can result in adverse environmental impacts 
that should be assessed in the initial stages of site­
selection and avoided in the development. 

Environmental concerns can be factored into a site­
selection process both at the screening and feasibility 
stages. The screening study is the process by wiich a 
large number of potential sites are reduced to a much 
smaller numn .er of candidate sites based on coarse­
grained engiteering. socio-economic, and environment­
al, criteria. Although many of the factors determining the 
suitability of a given site at the screening stage involve 
basic engineering or economic questions, fundamental 
environmental issues that should be addressed include an 
appropriate resource-development strategy to accom­
pany the SUPs, the quality and quantity of water avail­
able for all project needs, the presence of near-by pro­
tected areas, habitats, or important species, arid the ade­
quacV of local support for environmental protection re­
quirements of the project. 

The feasibility study is the final stage of site selection, 
where a relatively small number of candidate SUiP sites 
are examined in proper detail and the best are selected 
for development. Potential environmental impacts o1" 
SlIPs range from flow-disruption downstream to the 
spread of water-borne diseases and parasites, and are 
related to the design and size of the facility. We provide 
a check-list of environmental data that should be collcc­
ted at this stage in order to judge the significance of 
projected impacts of candidate SI I 's. 

It is important that site selectiom and impact evalua­
tion be conducted by competcnl individuals with formal 
training and experience in an appropriate environmental 
field. After compiling relevant in'ormation (e.g., through 

literature searches and contacts with government ager­
cics or universities), the feasibihty sI udv team should visit 
Lhe site of each at all likely-to-be chosen SItl. This will 
allow the interdisciplinary teams" members to identify 
any previously unanticipated problems, to receive inputs 
from the local conimniumty, and to wcigh the various 
benelits and consequences of' Sil I development before 
making their final selection. 
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(Conchdedfrom pige 3431p 

suit in these hahitats drying up by midstmmcr and hence 
before the completion of rtierrn hosis. The WVyoming 
Toad and Lcoparrd Frig mav have failed to reproduce in 
recent ycars as a result o0"generally dry years. 

4. P red atiron is a1 ever- preert fector ii amphibhFan 
biology. GulIs, Raccoons t lProcion lotor). lo\es, and 
Skunks (.-Acp/hisim'ph/iti I.Aieplentiful inithe Laramie 
Basin; most such predators lruive increased in ntnbers 
during the last 50 years, pro ably in response to change:; 
in habitat arid to cCrtain tuman ,ctivities which have 
benefited some tniiatl, :atthe expense of olhers. AnurllrI 
tadpoles, arid., espcially. ncl -tralr, sf'rnicd juveniles, 
are particularly susceptihle to predation by gulls and 
foxes. 

5. Certain diseases may ha\ c caused excess mortality
in anuran populations in recent yea rs. Antirans are 
known to be \'ery susceptible to bacterial inlfections such 
as redleg. 

6.Tie conmbined effect of all tilefactors listed above 
may have hatd tcumulati on tihee and or additive ell'cot 
popfflation dynamics of' arurais. The relatively snall 
population of a supposCd-,I relict frr such as the 
Wyoming Toad, in a restricteI area, such itthe Laramie 
Basin, might be expected to decline :nd quite possibly 
become extinct under the influence of tie factors listed 
above. 

Conclusion 
The Wyoming Toad iscurrently scheduled in the 1982 

Program Addices of the US Fish and Wildlife Service for 
listing as an Endangered species under provisions of' the 
Endangered Species Act of 1973. While listing is an 
important tncazure towards the subspecres' conservation,
it is not sufficient to prevent extinction. There is an 
urgent need fbr research on the cLuses o(1decline of 
amphibian popula tiotis throtughout the Laratie Basin 
and elsewhere. Me:nwhile searches shrould continue 1,r 
additional populatiors of the Wvoming Toad; if such are 
found, they should be iprotected inmediately through
cooperative agrecements witih landowners. In ad dition, it 
might be adviscble to start a captive breeding pro-
gramme such ;ts has been undcrtaken by the loudestorn 
Zoo otn behalf of tileendangercd lHouston Toad, B/to 
houstont i ,Inl,2s such ticasures are forthcoming, the 
Wyoming Toad may becote extinct in the very near 
future. 
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