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INTRODUCTION

The decreasing supply and increasing cost of fossil
fuels for generating electricity have led to an ever-
widening search for more reliable, ‘rencwable’ sources of
energy. While supply and cost considerations are impor-
tant elements in the formulation of energy policies of any
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
financial resourc=s to import costly fossil fuels. Fortu-
nately, in addition to such alternative sources of power
as biomass conversion. wind energy, and photovoltaic
devices, hydroclectric power is scen as an important
means of providing energy and promoting economic
growth in developing countries (National Academy of
Sciences, 1976u).*

A Small Hydropower Project (SHP) is defined in this
paper as including a hydroclectric generating facility with
a capacity of 1,000 kW or less. As SHPs can be designed
for a wide range of capacities and environmental settings,
they can be an effective meuns of providing electric power
to small, isolated rural communitics. This power can
have a number of social benefits, such as an increase in
the standard of living through’ providing home lighting
and electricity for basic health services and cducational
facilitics. Morcover, electricity generated by an SHP
could contribute to cconomic devetopment in the region
by increasing the productivity and proiitability of agri-
culture, cottage industrics, and commerce in general.
Such socio-ccenomic benefits can be useful tools in
stemniing the rural-to-urbin migralions that have
plagued large cities in developing countries and widely
led to scricus rural decline.

* [ response 1o our query concerning possible illustrations, Dr
Cada replied that he does ‘not have any available to send to you
in time. However, Natonal Academy of Scicnces (19764) does
provide numerous drawimgs and photos of SHPs i ats book
Energy for Rural Development... so that the reader may gan
additional perspective of the size and appearance ol these in-
stallations by obtaining this free book.” - Ld.

Poorly planned or uncoordinated SHF development
can also have adverse environmental impacts in the af-
fected region. Recently we discussed (Cada & Zadroga,
1981) potential environmenial 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 tvpes of data that should
be analysed in order to assess their significance. As such,
the paper can be used as (1) a suitable basis of methodol-
ogy for incorporating environmental factors into an
overall site-selection procedure which also entaiis 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 ic "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 smalier number (< 100) of
viuble sites for which data car: be collected to perform a
detailed 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 cnsure reliable
generation to satisfy demonstrated need for power.

Many of the environmental factors that are detailed in
this paper are relatively fine-grained, i.c. they do not
greatly influence such basic considerations s reliability
of SHP operation or efficient utilization of electricity.
Therefore, incorporation of most environmental factors
into the overall site-selection and development process is
reserved for the feasibility study, where the nuinber of

* For wider environmental impact assessment and site-selec-
tion, it is recommended by a referee that UNEP's Guidelines
Sor Assessing Induserial Environmental Impact and Environmental
Critera for the Suing of Industry (Paris: xv + 105 pp., 1980) be
consuited. - Ed.
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sites is small and the data necessary to make a meaning-

ful assessment of environmental impacts can be collected.

However, there are four basic questions which must be

satisfactorily answered in the screening study in order 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, forests, fish, wildlife. etc.). In
many areas local rural industrics should be based on
agriculture, while in others their natural resources 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 electnfication.

There is a commonr tendeney 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 SHP
can be a decisive factor in the success or failure of this
kind of effort. When neither adequatie analysis is made
of the potential productivity of these colonized areus, 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 tarmers. 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 imbulance that will be likely to get 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-flows
to ensure eflicient and reliable hydroelectric power
generation is a fundamental crit2rion that must be satis-
fied at the screening stage of site-evaluation. High
sediment-lcads may cause excessive abrasion of the tur-
bine and decreased lite of the facility. Recent, accurate
records of stream-tflow and sediment discharges for a
minimum two- to three-years' period (preferably longer)
must be available —to determine the appropriate size
and type of turbines, and to predict the daily and seca-

sonal supply of water 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 deferied unul such information is available,
Every cflort should be made in the screening study to
identify all existing or potential rublic and private water-
users (including minimum tows neeessary (o support

aquatic biota, navigation, and any necessary diution of

wastes) that attect flows in tiwe stream. The locanon of all
water intakes and discharges in the affected area, as well
as the respective How-rates and nature of the citluents,
must be determined. Only in this wiay can potential
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water-use conflicts, such as might prevent SHP develop-

ment, 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-
tive:y, a wildlands area?

If a protected river or area (for example a national
park. forest reserve, wildlife preserve, sanctuary, or ref-
uge) is threatened by construction and operation of an
SHP, it may be legally impossible or inadvisable (o de-
velop the site, whatever the projected benetits. Similarly,
il the existence or habitat of any rare or endangered plant
or anmal species is threatened by SHP development, the
site may not be feasible irom both an environmental and
fegal standpoint.

Question (4): Is there adequate local interest and sup-
port to uphold the environmental protec-
tion requirements of the project?

The local community that is destined to benefit from
an SHP, 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 the project and support
it in ali its ramifications. With respect to the environ-
meng, it may be necessary for the local people to provide
lands for the project site and road and transmission line
rights-of-way; for certain projects a protection wiltershed
will need to be established and the local or national
government will have to provide these lands. watershed
guards, and other resources that may be needed to assure
an adequate water resource for the SHP,

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 tull cooperation should be received from the commu-
nity before proceeding to teasibility stages of investiga-
tion.

FEASIBILITY STUDY METHODOLOGY

The feasibility study is conducted at and as the final
stage of site-selection, wherein a relatively small number
of potential SHP sites are examined in greater detail than
hitherto, and the best are selected for development. This
process necessarily requires precise facility designs and
drawings for each site, and the collection of site-specilic
engineering, environmental, sociological. and ccononie,
data with which to make an evaluation of benefits and
impuacts. As conduct of the feasibility study will require
asignmticantly greater investment of time and money than
the screening study, it is advisable to carry out the curly
stte-sereening procedure in g way that minimizes the
number of sites which must be constdered, and which
could be rejected at the feasibility stage of site-selection.

This section deals with environmental considerations
that should be tuken into account during the feasiblity
study. [tmay be divided into two general parts: tirst, brief’
summanzations ot potential environmental impacts of
SHP development (under the next 15 side-headings), and
seeond, compitation of a cheek-list of suggested intorma-
tion that should be guthered in order to judge the mayg-
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nitude of thesc impacts atd given site. This list, under the
side-heading ‘Check-list of Environmental ln_/brmution'.
has 28 numbered items and starts on page 3345,

Discussion of Potential Impacts

When considered on @ global scale, Small Hydropower
Projects (SHPs) will encompass & wide range of facility
designs and environmental settings. For example, the
basic criterion of an SUP, i.c. a4 generation capacity of
< 1,000 kW of electricity, can be satisficd by cither high-
head/low-flow or low-head/high-flow installations, and
the environmental impacts resulting from the two designs
are likely to be quite diferent. Similarly, the creation of
a substantial reservoir o store water for reliable, year-
around generation niy be required at some sites and not
at others. The need for an impoundnicnt is of fundamen-
tal importance 10 the assessment of environmental ef-
fects, because impoundment of water can result in a
number of physical, chemical, and binlogical, changes in
the stream that will not oceur if @ no-impoundment
design is used. The discussions of potential impacts that
follow arc intended to cover the cntire range of SHP
designs, and therefore some of the considerations may
not be appropriate for particular installations or site-
specuiic environmental conditions.

Figure | can be used as a guide o deterr ;ine which po-
tential environmental impacts are of greatest concern for
a particular SHP design. Three basic designs are listed in
Fig. 1. Operation of facilities that incorporate & water-
storage impoundment (above in Fig. 1) may cause sub-
stantial fluctuations in reservoir water-levels and tail-
water flows on a daily or seasonal basis. Some SHPs may
divert water from other drainage basins (centre of Fig.- 1)

SHP DESIGN POTENTIAL ENVIRONMENTAL IMPACTS

JE—

AQUATIC WEEOS AND FUTROPHICATION
NUTRIENT ANO SEDIMENT THAPPING
1AREVERSIBLE OR IHREPARABLE IWMPACTS

WATERSTOHAGE RESERVOIR  ——P

FLOW DISHUPTION
SEDIMENTATION
FLOOD CONTHOL
WATEH QUALITY
WATE R BORNE DISEASLS AND PARASITES

!

{MPACTS 10 AQUATIC ORGANISMS
WILDLIFE IMPACTS
CONSTRUCTION IMPACTS
ALTEANATIVE WATER ustLy
LANO USE AND UEVE LUPMENT
SECONDARY IMPACTS

INTER BASIN WATER DIVE RSION B

RUNOF -THE AIVER
NO RESEHVOIR.
NO INTER BASIN DIVERSION

—

Fig. 1. Potential environmental impacts associated with different
small hydropower project designs.

-

¢ A specialist referee, referring 10 Fip. t and this cheek-list,
suggests that "A systenmatic list of relevant eritetii would also be
useful for establishing the decision-tree which allows [weighting
of) the diflerent cnteria, in Step 3 of the value-analysis
procedure’. Ed.

m

1o augment existing flows. Finally, run-of-the-river facili-
ties are those whose operation 18 tied to normal river-
{lows (below in Fig. 1). These SHiPs do not include an
impoundment or, if one is present, experience little day-
to-day change in storage capaciy due to power genera-
tion.

When the basic design has been sclected, all impacts
below the point of entry into the list should be explored.
For example, 1l a witler-storage reservoir is to be part of
the development, it will be necessary to consider the
entire list of possible umpacts resulting from it. On the
other hand. if the SHP utilizes o run-ol-the-river design,
without a reservoir or inter-basin diversion, many poten-
tial problems, €.&. aquatic weeds or degraded water-
quality, are unlikely to occur and thus may not warrant
detailed examination.

As with most mun-induced stresses, the magnitude of
cnvironmental impacts resulting from SHP development
is generally related to the size of the facility. Thus a 100-
KW facility is likely to cause fewer problems thana 1,000-
KW facility—simply because the amounts of construc-
tion material, watershed disturbance. grading, and di-
verted water, are less for the smaller facility than for the
larger one. Of cqual importance. however, is the amount
of water that is diverted relative to the total flow in the
stream. A 100-kW plant may have a greater impact if it
withdraws a proporlionately larger amount of the tlow
from a small stream than a 1,000-kW plant located on
a large river.

The significance of environmental impacts can, how-
ever, vary scasonally; a 100-kW SHP may have little
adverse impact during high stream-flows in the rainy
season, but may represent @ significant_stress 10 the
aquatic system during times of tow-flow. These variable
conditions niust be considered during the conduct of the
feasibility study, In order toarrive ata reliable evaluation
of the expected potential and maximum foreseeable en-
vironmental impacts.

Flow-disruption

Disruptions of normal instream flows are most likely
at SHPs which utilize mainstream impoundments for
water-storage. Decreased flow downstream of the rescer-
voir will occur during daily or seasonal filling. Converse-
ly, flew can be increased above natural rates during
hydropower generation or when large volumes of water
are used to flush sediments trom the intake structure,
leading to channel- and bank-crosion and downstream
sedimentation. Detailed consideration of the efiects of
flow regulation and disruption on the physical and bio-
logical enviroament s provided in Hildebrand (1980a)
and Petts (1980).

Sedimentation

High suspended-sediment loads in the stream cun af-
fect operation and maintenance ol the turbine; for exam-
ples. scdiments cause turbine pitting and aceclerated
wear, Morcover, fugh suspended-sedinient loads may
foreclose certain downstream witter-uscs such as potable
or irrigation water-supply.
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Where impoundment or decreased water-velocities
occur, sediment loads will drop out and fill up engineer-
ing structures (such as irrigation canals, reservoirs, and
intake structu "s), thereby increasing mainteniance costs
and/or decreasing their usetul lifetime. Sedimentation
can have adverse impacts on aguatic organisms by bury-
ing rock or gravel fish-spawning arcas and smothering
clams, mussels, othar bottom-dwelling. organisms, fish
eggs, and rooted aquatic plants (Loar ef al., 1980).

Sedimentation within a streain 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 crosion. and through strict control of project
construction impacts (¢.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
availatle for such alternative uses as irrigation, human
or livestock consumption, industrial uses, or dilution of
domestic sewave or industrial effluents. Under certain
circumstances. it is possible that ground-water recharge
may be diminished by altered stream-tlows, thereby af-
fecting the water availability in wells.

It is important to maintain minimum flows in all sec-
tions of the strcam in order to ensure the survival of
resident aguatic organisms. to allow migrations of fish,
and to guarantec adequate supplies for human use. Every
effort must be made to identify all existing or potential
alternative water-users and to consider legal constraints
which would determine priority uses and water-rights
acquired by prior water-users,

Flood Control

An SHP which temporarily diverts a portion of the
normal strcam-flow for power production can be exp=ct-
ed to have little or no effect on cither diminishing or
increasing the quantity of flood-flows. Those 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 basfn or contributing to
flood-waters in the recipient watershed.

Water Quulity

Direct water-quality impacts could occur at those sites
whose designs include (1) diversion of water from one
source or watershed to another, or (b) creation ol a
substantial impoundment of water above the intake
structure. Diversion of water from another source to
augment existing flows will introduce, to the receiving
stream, water with ditferent physical and chemical
characteristics. I the diverted water is drawn from the
vicinity of mines, ore-processing facilities, industrial dis-
charges, or intensively culuvated fund, itmay be of lower
quality than the receiving stream.

Water that is impounded in relatively deep, sheltered
reservoirs may become thermally stratlied. Reservoir
stratification can lead to depletion of dissolved oxygen
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and increases in hydrogen sulphide, ammonia, and re-
duced iron and munganese ——all of” which will degrade
downstream water-quality (Cada et al., 1981).

Impacts on Aquatic Organisms

Operation of an Si1P can affect aquatic organisms ci-
ther dircctly (turbine-related miortulity, impingement,
ctc.) or indirectly (habitat alteration). Injury or mortality
to downstream-moving organisms may occur when they
are drawn into the intake structure and passed through
the turbines. Turbine mortalities can be as high as 100%,
particularly when turbines are operating at low etlicien-
cies (Turbak ef 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 (Hildebrand, 1980a* Loar & Sale, 1981)and
turbidity, with sedimentation following maintenance
dredging (Loar et al., 1980). In extreme cases the river
may drv up completely due to complete diversion or
impc undment—resulting in & loss of bottom organisms
and a potential blockage for upstream- and downstream-
migrating fishes (Geen, 1974; Hildebrand. 19806). Im-
pounded water inundates terrestrial habitat as well as
stream habitat and potential spawning sites of riverine
fish. Aquatic organisms adupted to flowing water in the
unimpounded stream will then be replaced by species
which are adapted to life in a reservoir (Baxter, 1977).

Water-borne Diseases and Parasites

As with water-quality impacts, the operation of an
SHP facility per sc is not expected to affect the trans-
mission of water-borne diseases. Although the self-
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 most cascs.

Facility desis ns incorporating inter-basin (watershed)
diversions or v.ater impoundments can promote waler-
borne discase problems. Water contaminated by human
sewage or runofl from livestock. enclosures can spread a
wide range of discases, 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 in hyvdroclectric reservoir
could enhance survival of discase orgamisms, because
those factors that are critical to sell-purification of water
in a strearn (turbulence, sunlight penetration, oxygeni-
tion. etc.) are reduced or eliminated in a reservorr. Fi-
nally, water impoundments provide increased habitat for
mosqutitoes (which are vectors ol such discases as mala-
ria, encephalitis, yellow fever, and dengue) and snails
(which are alternate hosts of other animal and human
parasites such as schistosomuisis) (Brown & Dceom,
1973). On the other hand, the climination of fast-Nlowing
sections of streams by impoundment could cause a lo-
calized decrease in the incidence of onchocerciasis (river
blindness).
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Construction Impacts

access roads, dams, diversion carals,
es. will result in the disturbance
soils. Sound engineering prac-
tices, c.g. the use of soil stabilization technigues or storet-
water retention dikes, can reduce sedimentation impacts
on stream organisms during construction. Care must also
be taken to prevent oils, greases. and cnemical wastes,
from being discharged into streams.

Operation ot transmission lines may require the clear-
ing and maintenance of relatively vegetation-free “cor-
ridors’. Such activitics may restrict alternative land-uses,
but itnpacts on wildlife are usually not signiiicant. In
cases where terrestrial habitat diversity is increased by
transmission-line corridors. wildlife may actually benefit.

Construction of
or other on-site activiti
and movement of erodible

Land-use and Development

act of an SHP is the
nts (canals,

The immediate, divect land-use imp
commitment of land for on-site compone
penstock, turbine buildings, ete.), access roads, and
transtnission lines. 1l a water-storage reservoir 1y part of
the design, some land (all-tov-often potentially prime,
river-bottom farmland or land already occupied by hum-
an settlements) will be inundated.

SHP development will be likely to have the effect of
promoting other development and increased human
populations in irs area of influence. Consiruction of a
hydro-installation <hould not be approved until land-use
capability determinations have been made for the entire
drainage basin that wauld be feeding the project, and
adequate management and protection strategies have
been approved and enacted.

Nutrient- and Sediment-ti apping Effects

SHP inst
act as sediment- and nutrie
the reservoir, its cross-section incre
velocitics and decreasing sediment {ransport capacitics.
This causes a selective sedirnentaiion phenomenon (delta
formation) which depends primarily on the full velocities
of the sediment particles and the mean How-velocity
through the reservoir. The phenomena of nutrient- and
sediment-trapping cilects are wreated in detail in Hilde-
brand (1980a).

allations which incorporate reservoirs may
nt-traps. As a stream enters
ases, reducing flow-

Aquatic Weeds and Eutrophication

‘Nuisance’ agquatic yegetation can cause operation and
maintenance problems at SHPs. especially when an m-
poundment has been created. By slowing the rniver cur-
rents and trapping sediments and nutrients, many new
reservoirs provide excellent conditions for the growth
of muacrophyuc floating-plants (. £. Water-hyzcinth
[Eichhornia crassipes] and Water-lettuee [ Pistia stra-
tiotes)), submerged, rooted vepetation (1 Pvdrilla {(/ivdrilu
lithuanical and water aulboil [Afvriopasium spp- 1), and/
or rooted, emerpent plants (cattails [Typha spp.l. bul-
rushes [Scirpus spp-k and mieny thers), Not only Jdo
these plants have profoand eliects on the aguatic bolog-
ical community, but they can also nterfere with SHP

loctric Power for Developing Countries KRK)
operation by clogging the intake structurc, increasing
evapotranspiration losses of water from the reservoir,
reducing the elfective water-volume of the reservoir, har-
bouring discase vectors and parasite hosts, increasing
sediment- and nutrient-trap elficiency (thereby decreas-
ing the useful lile of the reservorr), and hindering alter-
native water-uses (¢.g. fishing, swinmming, and livestock
watering).

Static conditions
excessive growth of pl
Algac sensu latissuno, especi
that thrive in warnt, nutrient-rich waters, release chemi-
cals that are toxic to amimals. The decomposition of
cxcessive growths of such Algae and large aquatic weeds
can significantly degide water-quality both within the
reservoir and downstream from the SHP discharge.

The problems of nuisance prowths of Algac and aquat-
ic weeds. as well as techniques for dealing with them, are
considered in greater detail. e.g in Mitchell (1973). Bach-
man (1978), Rhodes (1978q. 1978h), and the National
Academy of Scienees ( 19706h). The development ol aquat-
ic weeds, and the cost of their snbsequent control, must
be given serious consideration when examining the feasi-
bility of SHP sites-- especially those located in warm
climates or at low altitudes.

created by reservoirs also favour the
anktonic Algae. Some speeies of
ally some Blue-green Algae

s

Wildlife Impacts

road construction for an SHP may
habitat, while construction
noise and activities could interfere with nesting of birds
or migratory movements of terrestrial mammals. Crea-
tion of a reservoir will permanently inundate tloodplain
vegetation (which often provides excellent wildlife hab-
itat) and will displace associated terrestrial animals.
Flow-regulation during operation may prevent or alter
the extent and seasonal timing of natural flooding of
downstream marshes and wetlands — systems that are
extremely important o numerous aquatic and terrestrial
species of plants and animals.

On the positive side, SHP reservoirs may create or
improve habitats for terrestrial wildlife. In arid regions,
impoundments may constitule a4 permanent source of
water where none existed before, and therefore could
allow for the expansion of wildlife populations. Im-
poundments with emergent, shallow-water vegetation
will provide nesting sites. food, and shelter, for water{owl
and shorebirds.

Impacts of water-storag
life and habirai are discussed in gre
then (1973) and by Heinzenknecht & Pate

Site clearance and
eliminate critical wildlife

¢ reservoirs on terrestrial wild-
ater detail by Trefe-
rson (1978).

Secondary Impacts

In addition to the primary, dircct impacts on environ-
mental resources that have been discussed in previous
sections, the provision ol clectricity to rural areas by SHP
development is likely to have o number of secondary
eflects. For example, estublishiment of new roads, small
industries, and irrigation capabilities, and immigration
into undeveloped areas, are all potential social benelits
derived from rural clectrification that could, in them-

\(,
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selves, have effects of greater magnitude on the environ-
ment than the SHP per se.

Regional developments following electrification could
include increases in the human population (by either
promoting immigration or stemming emigration), agri-
cultural (irrigation) activities, livestock production, and
local industrics—any of which could have important
consequences for the water and land-use patterns in the
region. Population increases in the regicns served by
SHP electricity will create an augmented demand for po-
table and/or irrigation water and also for waste-water
treatment. Small communities that currently have no
drinking- or waste-water treatment facilities may en-
counterincreasing problems with water-borne discases as
the population increases and the ability of the environ-
ment to assimilate their wastes decreases (Stein, 19775).

In similar manner increased needs of water for such
purposes as irrigation or aquaculture may occur as an
indirect result of rural electritication and concomitant
population increases, and may add unacceptable stresses
to limited resources. Itis accordingly 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 eurly stage in
the planning process.

Irreversible and Irreparable impacts

Irreversible and irreparable impacts will occur most
commonly when SHI* development involves impound-
ment of water. {rreversible commitment of soil resources
will result from impoundment and consequent flooding
of river valley-bottoms. Depending on the site. geolog-
ical, archacological, historical, and or cultural, resources

may also be lost to floeding. In addition, the creation of

an impoundment will normally result in siltation in the
reservoir and an irreversible alteration in the topography
of the valley-bottom below the reservoir (Buma & Day,
1977).

Construction of SHPs without impoundments will
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 designs, these impacts can usually be avoided or
minimized.

Check-list of Environmental Information

The check-list in this section provides suggestions for
the types of information that should be collected aud
analyzed in order to assess the relative significance of
these impacts at a given site. Most of the necessary
information is at the reconnaissince level; that is. it can
usually be quickly obtained by examinmg existing maps,
-reports, and publications, or by contacting appropriate
veople in government agencies, universities, or focal
communitics. The items requested by means of the check-
list are intended to represent the miminnen information
needed to cover a wide range of potential sites and en-
vironmental settings. In certain instances, particular fac-
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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:

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

(2) Obtain low-level acrial photographs of the site 2nd
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 for reliability of the SHP operation.

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

(5) Determine water withdrawal rates for SHP opera-
tion and the location of the intake and discharge
structures.

{6) If a wuter-storage impoundment is part of the SHP
design, determine the timing of reservoir releases on
a dinly and seasonal basis,

(7) Determine the alternative water-uses (including in-
stream needs for the protection of aquatic biota) in
the arca, the location ot all water intakes or dis-
charges in the affected areas, and the flow-rates and
nature of all efMluents.

(8) Locaic important wedands that could be affected

(for example, drained or filled with < Liment) by

construction and operation of the SHP.

Locate important alluvial floodplains that will (or

may) no longer be seasonally flooded owing to res-

ervoir flow-regulation.

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

that are associated with the surface waters of the

study area.

(11) According to the life-zones and ecological maps of
the country or other area involved, determine which
of these zones oceur in the watershed under study,
what runofl" distribution could naturally be ex-
pected from each life-zone (or other appropriate
ecological classification unit) according to water-
balance estimations, and how many eflectively dry
months there are in cach annual water-cvele.

(12) Obtain un up-to-date map of actual land-uses of the
area, determining which are the predominint ones.

(13) Obtain or prepare land-use capability or land-use

potential maps developed tor the general study area,

and determine whitt resource-use potentials exist for
the watershed with which you are concerned.

Deternune what fand-use and vatershed-protection

plans can be developed in order to minimize adverse

secondiry impacts.

Determine what important soil, geological, histori-

cal, cultural, or archicological, resources would or

could be lost as a result of site construction, uccess-
road construction, iransmission-line construction,
impoundment or other SHP activity.

Determune whether the SHP site is niear a protected

arcit (preserve, sanctuary, refuge, or dedieited arey,

ete.) that may require special consideration.

(9

~—

(10)

(14)

(15)

(16)

W\
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(17) Determine whether stream-waters near the site are
used for fish spawning, nursery, or feeding arcas, or
as fish migration routes.

Dctermine whether any rare, endangered, or com-
mercially or recreationally important, species of
plants or animals inhabit the region.

Identify the principal aquatic species presentin the
area affected by SHP construction and operation.
Determine what species are harvested tor sport or
commercial purposes in the arca, the harvest level
and seasonality of harvest, and what fishes or shell-
fishes are harvested from the stream for food by the
local community.

List the water-borne discases or parasites that are
endemic to the arca, and determine the possibility
of spreading or accentuating discase problems by
SHP development.

[dentify species of aquatic plants in the area, or
capable of introduction to it that could interfere
with hydroelcctricity production and alternative
water-uses.

Identify any pre-existing (natural or man-induced)
environmental stresses in the arca, and any future
developments that may be planned for the area and
might add additior 1l stresses; characterize and, if
possible, quantify these stresscs.

Estimate the nature and size of suspended sediments
in the stream as well as the bedload (relatively large
sediment particles moving along the channel bot-
tom) of the stream.

Obtain water-quality data. especially regarding
temperature. dissolved solids, salt, nutrient, and
dissolved oxygen levels, and investigate the possible
presence of toxic materials or disease organisms.
Identify any active or projected mining activities in
the study arca and, if there are any. determine
whether they are (to be) open-pit or tunnel nunes
and how their wastes are (10 be) handled.
Consider any particular design features of the SHP
plant (e.g. impoundment or trans-basin diversion)
which would necessitate special consideration with
regard to environmental impacts.

Determine the possibilities tor avoiding, reducing,
or mitigating. environmental impacts of SHP site-
development, by adequate prior planning to keep
any undesirable effect to an absolute minimum.

(18)

(19)
(20)

@n

(22)

(23)

(24)

25

(26)

@n

(28)

Responses to all of these requests for information
should be provided on the basis of the questions as stated
and the foresceable outcomes. 1f no mformation 1s avail-
able for a particular item, this should be expressly stated,
and a list kept of the full names and addresses of all
people contacted in the search. If certain information is
critical to the final assessment, and could be penerated
with relatively fittle time and resource expenditure (e
field checking), this should be done.

When all available information has been assembled,
the significance of dehinite or possible environmental
impacts arising {rom development and operation of the
SHP should be judged by competent people with ex-
perience in environmental impact assessment — by
weighing the cost of irreversible impacts or preventive
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and mitigative measures against the benefits of electricity
to the community. In general. duc to the small scale of
SHP developments, sophisticated monctiary quantitica-
tions of environmental costs and benelits are not jus-
tified. However, for certain impacts that involve ex-
cessive costs or benefits and that theretfore have a decisive
role in the acceptance or rejection of a given site, it may
be desirable to estimate monetary costs and/or benefits.

RECOMMENDATIONS

Small Hydropower Projects (SHPs) have a number of
advantages over other sources of power as d neans of
providing clectricity to rural arcas especially in the Third
World. They represent a relatively simple. proven tech-
nology and are generally casier to operitie and maintain
than thermal power-plants. As SHPs utilize a rencwable
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, however, there are
potential environmental impacts associated with the con-
struction and operation of SHPs. 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 sclection should be conducted by
individuals with formal training in an environmental
ficld (e.g. natural resources management ecology, or
forestry), and with experience regarding impact assess-
ments.

To streamline the site-selection process, competent
individuals within the utility {or other organization in-
volved in SHP development) could carry out the screen-
ing study. This would have the advuntages of (1) speed-
ing the process of carly site-selection (much of which is
based on engincering and need-for-power criteria), and
(2) developing a sensitivity to environmental issues with-
in the utility.

The feasibiiity study, however, should be conducted by
an independent individual or agency that has no or-
ganizational connections to the SHP development agen-
cy and thercfore has no potential conflicts of interest.
[deally, the expertise needed to carry out a meaningful
feasibility study could be found within the country. either
in the form of a government dagency which has such
capabilitics and authority or prolessionals (¢.g. suitable
and usually senior university stath) who could be put on
contract as consultants. If the required expertise ciannot
be found within the country itselt, it may be necessary to
obtain the services of foreign consultants (who are legion
but not always good) to ensure thata critical and objec-
tive analysis will be made of the candidate sites.*

The first step in the feasibility study is to compile
relevant environmental information for the region n
question. This could be done most etliciently by contact-

* A referee sugpests that “contacts with forcign consultants
coutd be established with the help of international institutions
such as UNEP, or [UCN's new " Conservition for Development
Centre™". 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 SHP development. For ex-
ample, information on the potential for disease problems
and necessary preventive measures could be provided by
a governmental health department or World Health Or-
ganization office, whereas present and planned land-use
patterns in the affected arca could be determined by
consultation with agricultural agencies. Tts essential that
all potential sources ot 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 cundidate sites
should be visited by the entire teasibility study-team. This
will allow the team members to assess the environmental
and social setting in which the project will be developed.,
identify any previously unanticipated problems, and dis-
cuss the project with the focal community. The site visit
will provide a valuable perspective which will enable the
interdisciplinary team (engineers, ecologists, sociologists,
gconomists, and others) to weigh the various projected
benefits and consequences of SHP development at cach
short-listed candidate site before making its final se-
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 electrification, rural populations
served by SHPs will receive some environmental educa-
tion and technical training, and will have the opportunity
to manage and control their own resource-base. Finally,
as the screcning and feasibility study methodelogies may
requirc personnel training and collection of basic en-

vironmental data, they will have secondary benefits of

enhancing the environmental capabilitics of the country’s
institutions and promoting better resource management
and conscrvation.
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SUMMARY

Small Hydropower Projects (SHPS). 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 isolated rural communities especially in Third
World countries. However, construction and operation
ol an SHP can result in adverse environmental impacts
that should be assessed in the inttial stages of site-
selection and avoided in the development.

Fuavironmental concerns can be factored into a site-
selection process both at the screening and feasibility
stages. The screening study is the process by which a
large number of potential sites are reduced to a much
smaller number of candidate sites based on coarse-
grained engineering, socio-cconomic, and environment-
al. eriteria. Although many of the factors determining the
suitability of & given site at the screening stage involve
basic engineering or cconomic questions, fundamental
environmental issues that should be addressed include an
appropriate resource-development strategy 1o accom-
pany the SHPs, the quality and quantty of water avail-
able for all project needs. the presence of near-by pro-
tected areas. habitats, or important species, and the ade-
quacy 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 SHP sites
are examined in proper detail and the best are selected
for development. Potential environmental impacts of
SHPs range from flow-disruption downstream to the
spread of water-borne diseases and parasites, and are
related to the design and size of the lacility. We provide
a check-list of environmental data that should be collee-
ted at this stage in order to judge the significance of
projected impacts of candidate SHPs.

It is important that site selection and impact cvalua-
tion be conducted by competent individuals with formal
training and expenience in an appropriate environmental
field. After compiling relevant information {(¢.g.. through
literature scarches and conticts with government agen-
cies or universities), the feasihility study team should visit
che site of each at ali likely-to-be chiosen SHP. This will
allow the interdisciplinary team's members to idenuty
any previously unanticipated problenis, to recetve inputs
from the local community, and to weigh the various
penetits and consequences of SHP development betore
making their final selection,
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{ Concluded from page 348)

sult in these habitats drying up by midsummer and hence
before the completion of metamorphosis. The Wyoming
Toad and Leopard Frog may have tailed to reproduce in
recent years as i result ol generally dry vears.

4. Predation 1s an ever-present fuctor in amphibian
biology. Gulls, Raccoons 1 Procyvon lotor). foxes, and
Skunks ( Mephitis mephitis i, are plentitul in the Laramie
Basin; most such predators have increased in numbers
during the last 30 vears, probably in response to changes
in habitat and to certain human activities which have
benefited some wnimials ut the expense of others, Anuran
tadpoles, and, especially. newly-trarstormed juveniles,
are particularly susceptible to predation by gulls and
foxes.

5. Certain discuses may hase caused excess mortality
in anuran populations in recent vears. Anurans are
known to be very susceptible to bacterial infections such
as redleg.

6. The combined effect of all the factors listed above
may have had a cumulative and or additive eflect on the
popiilation dynamics of anurans. The relatively small
population of « supposcdly relict form such as the
Wyoming Toud, in u restricted area such as the Laramice
Basin, might be expected to decline and quite possibly
become extinet under the influence of the factors listed
above.

Conclusion

The Wyoming Toad is currently scheduled in the 1982
Program Advices 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 measure towards the subspecies” conservation,
it 1s not sufficient to prevent extinction. There is an
urgenl need for research on the causes of decline of
amphibian populations throughout the Laramic Basin
and elsewhere. Meanwhile searches should continue tor
additional populations of the Wyoming Toad; it such are
found, they should he protected immediately through
cooperative agreements with landowners. In addition, 1t
might be adviscable to start a captive breeding pro-
gramme such as has been undertuken by the Houston
Zoo on behall of the endangered Houston Toad, Bufo
houstonensis. Unless such measures are torthcoming, the
Wyoming Toad may becone extinet in the very near
future.
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