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of :.1 lvaidor' xisting
of the C(erron Grande hydroelectric project. the largest 	 cr /c

'Downsiream viCw 
:4,was responsibile for all phases of the project from initial feasibility studies through design and contruction managenent 
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TODAY, CITY DWELLERS in Lagos, Nige-

ria, and in Santiago, Chile, have some-

Both their 
1jk'thing in common. light 

with energy harnessed from riv-
ers. Like many communities around the 

world, these two have realized the ben-

:4efits of developing hydroelectric plants. 
as an 

ahomes 


The attractions of hydropower 

-inexpensive, non-polluting, sustainable 
source of energy seem to be making 

the Third• hydro.fWorld.a booming field in 

The energy from flowing water has 

,.been tapped over the centuries, from 
early development of waterwheels 

to the surge of large hydroelectric dam 
construction 1hroughout Europe and 

North America during the 1920s and 
1930s. After World War II, however, 
cheap fossil fuels contributed to much 
slower growth rates for hydropower, 
and many plants were abandoned and 

:'the 

.,.decommissioned. Today, the World 

Watch Institute reports that less than 

. one-third of the potentially exploitable 
v. energy running through the world's riv-

ers has been harnessed. 
The oil crisis of the early 70s rekind-

led 	interest in developing hydropower's 
did the largetremendous potential, as 

increases in oil prices from 1979 to 

1981. These large increases in prices 

* 	 have made many hydro sites which 
were previously uneconomical, quite at-

tractive, acccrding to a survey of seven 

leading North American firms which 
engage in design, consulting and engi-

ofneering construction management 
hydroelectric facilities abroad. 

While roughly half of the world's 
hydropower potential is in the develop-
ing countries, totaling about 1,200 

has beengigawatts, only 10 percent 

0360-055b/82/0010-0051/$oi 00 
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tapped, a World Bank study indicates 
The study forecasts that over the next 

decade about 100 gigawatts of hydro 

capacity will be added in about 60 
developing countries. 

!ndustrialized as well as developing 
nations are engaging in this develop-
ment, the survey revealed. Projects in 

industrialized nations are for the most 
part smaller in size and scope than 
those being designed in the Third 

World. 
Industry sources explain that hydro-

electric potentials in 	 industrialized 
ex-
countries have almost entirely been 

ploited. Today, mini-hydroelectric 
work in industrialized nations is pri-

marly geared to revamping old facili-

ties by increasing generating capacity. 
Developing countries in 	Asia, Latin 

America and North Africa are attract-
ing the most attention from U.S. and 

Canadian hydro engineering firms. 

These nations arc developing hydro-
electric facilities as part 	of their long-

term industrial development plans. 
Even sonic nations which are oil 

exporters and members of the Organi-
zation of Petroleum Exporting Coun-
tries arc developing hvdroelectric facili-
ties---for example, Nigeria, Cameroon, 

Indonesia, Tunisia and Venezuela. 
and Canadian firm,; exporting 

hydro design, consulting and engineer

ing services to tie Third World include:
 

A c In nil; mt rnation IEn-I 
ngineering Co Inc., whol-oned sub

sidiary of Morrison-Knudsen Co. Inc.; 
IarzaFng innC o.: Charls T. 

Main Inc.; PRC Engineerig Consul. 

tants International; Shaimg.,n Engi

neers Co. Ltd.; and Tippetls-Abbett-
McCarthy-Stratton. 

These companies are known in the 

industry for having the breadth anddepth o'f experience to cover ,Icomplete 

hydroelectric project cycle A complete 
project cycle includes strategic plan-

ning, identification studies, reconnais

sance asscssments, pre-fcasihility and 
feasibility studies, final engineering. 
contract documentations, supervison of 

construction, nroject commissioning 
and assistance in systems operations. 

Mergers broaden marketable 
services 

The nature of the market, and its 

potential for growth. ha influenced 
some companies to restructure in order 
to compete. Whereas the joint venture 
is a common solution to gain coopera

tion and expertise of local firms, some 
international firms have merged With 

others to provide a broad base of ser

vices they wish to market. The recent 

merger of the Shawinigan Group Inc. 
%%ith Lavalin Inc., both engineering 
firms based in Montreal, Canada. has 

given the newly formed group. called 
Shawinigan L.avalin Inc., an even 

greater strength in the 	industry. The 

group's staff has been 	 increased to 

6,000 from 1,500 as a 	result of the 
merger. 

"it has gained more fitanncial re
sources and more expertise mi various 
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Hydro finds market In China 
"The U.S. government Isvery anxious: , World Bank financing," the commerce ,.sign a second annex toltsrignal U , 

to ensure that there is a return on the noted '., ' ., official . .. . ...' People's Republic of lChna Hydropower , 
investments already made by U.S. hydio The National Council for U.S.China :Protocol. The protocol, signed in 1979 
engineering and consulting firms in Chi- " Trade Inc. in Washington, reports that" by President Jimmy Carter and China's,. 
na," says Eugene K. Lawson, Deputy ' China now has an estimated 15,000 .,". former Vice Premier Fang Yi, iia bilat., 

,,.,,Assistant Secretary of Cun.mcrce for . megawatts of hydroelectric capacity un,. ' eral agreement signed between the two,..- East Asia and the Pacific, U.S. Depart- der construction, ""nations.to foster a n interchange' 6t 
nment . , One of the most significant'projecis' science and technology, The protocol'la'.of Commerce.. 

Mr. Lawson, who is also the national '.' slated as "top priority" to the Chinese is part of the Joint Commission on Sclenii 
coordinator for the U.S.-Pople's Re.' the Tienshengqiao hydroelectric project. '''and Technology, chaired in the 'United' 

.	 public of China Hydropower Protocol, This project, to be located in the Pearl' States by George Keyworth.; It butline 
pointed out that many U.S. hydro engi-' River basin, Isearmarked in two phases.' a program of cooperation between,theo 
neering and consulting firms have In tho" It involves the building of a low dam and . United States and China in hydroelec. 
past provided the Chinese with technica. a high dam, and two tunnels each I I km tric development.' 1:; , ... 

l'\assistance and know-how to help then. (6.8 miles) long and 9meters (29,5 ft) in ' ',The importance'of.Anne 2cannot 
Iassts vdiameter, Its total generating capacity overstated, according toMr Laws,the developing country's hydro-" 

electric potential. ' would be 2,320 megawatts.r '.,1 -." ' since its major thrust is to more fully ut 
Itisthe U.S. government's contention'.. While Tienshengqiao is.not'the first',"' lize the U.S. private sector in the m'an 

that "the U.S. private sector ought to be *dam project in China opening up to the', upcoming hydroelectric :'development 
a beneficiary of this development Mr, West, It heralds a new age of coopera-, plans of the Chinese, rather than US. 
Lawson said. "China by far has the larg- lion In hydropower development be.'" federal agencies. 
est hydro power potential of any country tween East and West, .. " , Specifically, the new annex focuses goi

!''	in the world," the official stressed. "The project demonstrates' China's Tlenshengqlao, and spells out how the 
"However, only 3 to 5 percent of this willingness to spend money on large cap- U.S. business.community would particl 
potcntial has been developed." ital pate In the project.hydro projects using Western exper.': " 
National hydro plan In works ..... the commerce . To make sure a U.S.'company, rUtise," official points out,." 

"After years of economic retrenchment companies, would work on.Tiensheng, 
Currently the People's Republic of and abandonment of hydro developmen, ' qiao, the Trade Development Program' 

',	China is working on a national hydro throughout the nation,,.. this very qnder the umbrella.of. the US. Agency 
plan. The country's vast resources are." large project .is moving ahead like a.' for International Development, has put
expected to offer long-term opportuni. -freight train," according to Mr. Lawson. up $400,000 to pay. for, a,feasiblltl 
ties for foreign engineering and con3ult. "Recently, the Ministry of Water Rei ' study on the project. This~study would 

ing firms. . , sources and Electric Power, Peking, be done by.a U.S. companfy or 6~y US'
 
', Right now the Chinese' market is granted money for conducting the feasi. ' companies, ,,the ,:commerce ;..officlI
 
' beginning to open up. Up until now, the bility study of this project to be con. pointed out: ...'." .. " .
 

"biggest stumbling block" in hydropow- ducted." . . ,. "In this business once a'comptny dc. 
're development in China has been the The Ministry of Water Resources and" a' feasibility study for a project and it'in 

¢

' lack of sufficient capital to finance large Electric Power is the Chinese govern-' accepted, the company is'often award d 
ij.projects, Mr, Lawson explained, But ment entity which oversees the develop- " a major portion of the engineering wor, 

pow, he said, "this appears to be chang- ment of hydroelectric facilities in the on that project," Mr. Lawson said confli 
ng." .. 	 .., Asian nation. . ..,, dently. '. ; , . 

The Chinese traditional reluctance to Taking into account the large size'of The US'Department of Commerce. 
borrow money to filance ambitious de- the Tienshengqiao project, the U.S. gov. ' optimistic that once a U.S. firm cod 
velopment schemes is giving way to a ernment has taken measures to help the, • pletes the feasibility study for .Tien 
willingness "to tap the many lines of " U.S. private sector gain iti zhere of the shengqlao it will continue to work4wit 

'.credit-worth over $30 biilion-at their many design and consulting engineering the Chinee on other engineering assigt 
, fingertips," he revealed. ... and supplier contracts to be issued by ments, the official isid.. 
. Commercial as well as institutional the Chinese ministry once a feasibility According to the commerce offnc a 

financing is available to the Chinese. study on Tienshengqiao Is complted. ' companies interested in Tiertshengq[a
Already, "the Chinese have begun to tap The U.S. government is expected to should note that bids on the proj 

parts of the engineering field," W.E. nues, up until now it lacked hydropower Norpatagonica Sociedad Anonm 
Bonnell, vice president-hydro division, expertise." (HIDRONOR), Cipolletti, Argentina 
Shawinigan Engineers Co. Ltd., said. Shawinigan's is one of the major The services to be provided includ 
Shawinigan Erngineers is now a division North American exporters of hydro- the preparation of project alternativ' 
of the Shawinigan Lavalin Group. power engineering and consulting ser- through optimization studies, includin 

vices with project experience in Latin complete engineering and econonil 
America, Africa, Asia and North analyses, preliminary design, final d"The nature of the market, America. The firm's most notable hy- sign, and the preparation of tender a61 

and ita; potentialfor growth, droelectric project is the Limay Medio prequalification documents. 
has Influenced some companies Hydroelectric Power Development on The two hydroelectric projects 'iW, 
to restructure In order the Limay River in Argentina. optimized are the Pichi Picun LUf. 
to compete." As piirt of a consortium of Canadian and Michihuaho power stations, wh16) 

enginc ring firms, Shawinigan won the are located 55 kilometers (about,.3, 
$1.5 1:!h,in contract to provide engi- miles) apart on the Limay River.t 

"One of the main reasons Lavalin neerii. - Ivices for the 1,000 megawatt envisaged, the Pichi Picun Leufu pOW 
purchased Shawinigan was because of L.i.,,i ,lect in close association with station will consist of a 32 meter-hl" 
Shawinigan's strength in hydropowcr," Seri, - rofesslonales de Ingenleria (104 ft) rock-fill dam with a €i' 
Mr. Bunnel pointed out. "While Laval- S.'l I',CONAS), Buenos Aires, on length of 520 meters (1706 ft).
in isstrong in thermal and all other tve- beha'" i the client, Hidroelectrica installed capacity of the power hou 
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ud ilotnn early,1983. For further . "While to date the coi, t. has not southwest of Shanghai, covers review of ;' 
formakton 'contact:, Eugene. Lawson. -sold any power equipment Ihina (tur- lIyout and basic design, construction 

. pu;y . u tant Secretary for East .,bines), Allis-Chalmers i! p:icting to planning and scheduling, preparation of, 
Ja'and 'thePacific, U.S. Department ;sell lots in the future," N1 Miller said. dctailed cost estimate and preparation'.:,

'.Coomerce, Room 3820, Washington, "Probably through our c,,,pany's sup. of construction tender documents. 
*C.'.? 20230,.'Telephone: '(202) 377-" 'pliers in Europe and Jap:,,i." Working closely with the U.S. firm" ,' 

Allis-Chalmers, the on!k U.S. munu- will be the East China Hydroelectric 
a ensure that Annex 2 puts forth a 'facturer of hydroturbine. is in a good Power Investigation and. Design Insti-. 

w. program' of cooperation with the position to collaborate wit Ithe Chinese, tute, based at the city of Hangzho-,!. 
*hineeso;which actually provides for, industry sources agree. Institute engineers also will participate.

S." private -sector participation in hy- "'The company is consuintly involved in various design review phases at Inter
. power projects in China, several US.. in discussions with the Chinese," Mr. national Engineering's San Francisco 
ydropower'design .and consulting tngi- Miller disclosed."" offices. '' ' 
e.ring: firnsand suppliers were asked The company recognizcs the fact that Principal features of the Shuikou do-.., 

help 'tnits,drafting, the commerce 1 .China's hydroelectric potential is "ten ' velopment are aconcrete gravity dam. .j 
istant secretary disclosed,' Y ' .''tires that of the hydroelectric potential 100 m (330 ft) in. height and 800 m 

any.major U.S. firms which export 'in the United States,'! he said. (2,600 ft) in crest length, an adjacent ' 
4wpotwer services and equipment got.'" ' .,"The Chinese havemade note of the spillway navigational lock for small ,es I.; 

Io0ved usefulness of hydroelectricity as a re- . sels, and a powerhouse enclosing seven.'yoincluding Allis Chalmers, Har-. 
ng Co., PRC Engineering newable source of energy," he added. 200-megawatt generating units. Power..* 

, 1tsuitants', Inc., Tjppetts-Abbet-Mc- Today the country has 15 major hydro from the project will be carried to Hanz. 
hy-Straton and International En- projects under construction. ' hou and Shanghai via 500-kilovolt.': 
ring'.Co. Inc., he said, '-. '.. "' Up until now, the Chinese'sought to transmission lines of an Easit China pow

.'These 'fir made 'several important '"do all the hydro engineering and con- er network. 
useful changes in Annex 2, all of '!struction work themselves. Today that is According to International Engineer. 

bichwe incorporated in the U.S; final' changing. World Bank financing is one ing the east China region,' Including
ft',Mr. Lawson revealed. ' . .catalyst spurring on this change. ' Shanghai, is already short of generating 

U e m p - . <'i" :'.".. - "International Engineering Co. Inc. of capacity and eniergy. Shuikou is one ofae z e ' ," 
. e a.,. . ,. .'.- ... . ,San Francisco, a Morrison,(nudsen Co. the' most economical hydropower proj
,ha U.S.- government's'aim is to de-;. . nc., can testify to that. The company ects in the region which could make a "k' 
phasize the design role of such gov- ;..was awarded a contract for consulting substantial contribution and at prices 

'rment technical agencies as'the U.S. "engineering services'at a planned 1,400 competitive with thermal power plants. 
rps of Army Engineers and the U.S. .. :megawatt hydroelectric development in Therefore, the Chinese government has, 

Bureau,,of Land and Reclamation, in ', the People's Republic of China. given it a high priority.- 
verseas projects, and make better use of "' Richard E. Kohne, president of Inter- The National Council for U.S.-China 

[li U.S. private sector. ' ' ' nhtional Engineering. said the contract Trade reports that right now "hydro
'Another goal is to "stress reciprocity" was awarded by the World Bank on power accounts for only 20 percent-of
thChina in hydroelectric develop-. behalf of the People's Republic of Chi- China's electric power capacity." 

nent, according to:the'commerce offi. 'na's ministry of power. "The Chinese would like to make 
........., i.......... . The Morrison-Knudsen contract is hydropower their major source of elec

?,Companies like Allis-Chalmers, Mil- "..considered a major breakthrough for tricity since its a cheap source of pow.
waukee,"Wisc.,' already have :rooted ,U.S. consulting engineers in China, in- er," Martin Weil, an official at :the 

kes in the People's Republic. dustry sources concur. council said. t 
The company has audited hydroelec-, It is evidence of the fact that China China needs the advanced design, en-
,o facilities in China to determine the, 'has changed its attitude about hydro- gineering consulting and engineering ex- : 

quahty of their systems under "a long- , power development; today hydropower pertise of U.S. firms. "It is expected that 
term agreement with China which calls development in the nation is a national when hydropower development really
for an exchange of persoz.nel and tech- priority. . gets going in China. U.S. firms will be 
ology, in. the field 'of .hydropower," , International Engineering's scope of ' playing a major role in It," Mr. Weil 

'cxplains Douglas Miller, area manager .,services at the.Shuikou hydroelectric projected,. . ,. . ..Ifor. the .Far East for hydroturbine prod- project, located on the Min River, in 
" ucts of Allis-Chalmers..' '*'*'* . Fuiian Province, 600 kn, (370 miles) . 

will be 360 megawatts produced by Irrigation Administration of the Philip- needed. "It is very uneconomical to 
tour 90-megawatts-turbine-generator pines, send alot of personnel from North 
4nits. The Michihuaho power station "The project's two main purposes is America abroad," a Shawinigan offi
will consist of a 52.4 meter-high (172 to store water for irrigation usage and cial stressed. "It makes more sense to 
ft) earth-fill dam with a crest length of to supply hydroelectricity for the Na- tap local expertise in a developing coun-
A,350 meters (17552 ft). The installed tional Power Corp. of the Philippines," try you're working in, especially if the 
capacity of the power house will be 560 explained Mr. Bonnell. Under its por- level and quality of engineering capa
megawatts produced by four 140- tion of the contract, Shawinigan will bility there is very high." 
megawatt-turbine-generator units. The provide consulting services and supervi- The Philippines is just one example
project is expected to be completed in sion of construction. of a developing country with many 
1984, according to Shawinigan engi- Two local Philippine partners will trained and capable people in the engi
nears. provide local personnel and consulting neering field, according to Mr. Bon-
PhIlIppinea:'energy and Irrigation engineering for the project. The Multi- nell. 

Purpose Project isscheduled to be com- John Bryan, domestic marketing di-
In the Phillipines, Shawini3an Engi- pleted in 1983. rector, PRC Engineering Consultants, 

jeers is part of a large joint venture Local asalstance crucial agrees. He stated: "PRC Engineering is 
Norking on the Magat Multi-Purpose finding that in many lesser developed 
Project in the Luson Province. The Local assistance to work on the pro- countries which have used our service 
.roject was awarded by the National ject with the Canadian engineers was in the past-the Philippines--are de-
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veloping their own planning and design 
capability. 

"For 25 years PRC Engineering has 
trained locals in our clients'countries to 
do what we do. Today they have 
improved capability in this field." 

In fact, "countries that at one time 
uid not have the technical expertise in 
hydro that North American companies 
have-Brazil, Colombia, Pakistan, In-
dia and Taiwan-have now advanced 
to the point that they are exporting 
engineering services to other lesser de-
veloped countries for less complex proj-
ects, particularly for mini-and-me-
dium-sized projects," says James C. 
Ringenoldus, vice president and area 
manager of Asia, Harza Engineering. 

According to an industry survey, Lat-
in America is now the most attractive 
market for hydro engineering service 
exports. 

"I atin American countries have 
completed certain basic infrastructural 
and industrial development and have 
better acccss to capital than many 
Asian or Middle Eastern nations," Her-
bert E. Schoeller, area manager of 
Latin America and the Caribbean for 
Harza Engineering, said. 

Countries in South America which 
are undertaking huge hydroelectric 
projects are: Argentina, Chile, Ecuad-
or, Peru and Venezuela. 

In Central Ameria, Honduras and 
Nicaragua have on-,Aoing hydroelectric 
projects to be completed in 1983 and 
1984, spokesmen for Canadian and 
U.S. firms say. 

"PRC Engineering is making a con-
certed effort to do more hydro work in 
Latin America," Mr. Bryan disclosed. 
Currently, PRC Engineering is working 

Mangle Dam, located on the Jhelum River in Pakistan, %as Inc Id's second largest dam when com-

plcted in 1967. The firms responsible were: Ilinnie & Parincr e Cardew and Rider. Ltd., both of 
the U.K., and tiarza Engineering Co;mpany ?nternational, 
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on two relatively new prnjects there. 
One in Peru and the other in Ecuador, 
he said. 

"The Latin American market is 
promising in that there is a great deal of 
untapped potential," according to Mr. 
Bryan. "Latin America is now the main 
international focus for future hydro-
power development," 

International Engineering is heavily 
involved in hydroelectric work in Latin 
America. The company is now at work 
in seven Latin American countries on 
projects that will produce an estimated 
18,000 megawatts of power. These na-
tions include Guatemala, Peru, Colom-
bia, Brazil, Paraguay, Ecuador and Ar-
gentiaa. 

One of the firm's largest projects Is 
Piedra del Aguila Hydro located on the 
Limay River in Argentina. The project 
is ajoint venture with three other firms. 
International"Engineering is leader of 
the consortium. 

The overall project, estimated at a 
cost of $2billion, provides for construe-
tion of a concrete dam with a height of 
160 m (525 ft) and a crest length of 749 
m (2,460 ft). 

HIDRONOR S.A. awarded the con-
tract to the consortium led by Interna-
tional Engineering. A West German 
firm and two Argentine firms are the 
other participants. Scheduled date of 
completion on the Piedra del Aguila 
Hydro Project is in 1983. 

In Ecuador, TAMS has recently been 
awarded a contract to build the Daule-
Peripa Dam and appurtenant works. 

Located 190 km (118 miles) north of 
Guayaquil on the Daule River, the 
$171 million contract will provide irri-
gation, hydroelectric power, flood con-

** C.the 

j, 

".t,'~ . .. ' ,", )a...:. . '"-,' ' * . 

trol, domestic and industrial water and* I 
tidal salinity abatement. 

Designed by TAMS In joint venture%, 
with AHT of West Germany and IN.. 
TEGRAL of Ecuador, the project con-'. 
sists of a 78-meter-high (255 ft) earthz, 
embankment dam 250 m (820 ft) in. 
length, a 130 megawatt powcrhouse,, 
two 9-meter-diameter (29.5 ft) tunnels., 
that will be used for river diversion dur.,. 
ing construction and later for poweir 
and irrigation; a service spillway with a' 
3,600 cubic-meter-per second design 
discharge, an auxiliary spillway and aR 
drainage divide dike. 

The joint venture also prepared de. 
sign documents for an access road and,. 
resident village, now being built b 
Ecuadorian contractors. .1J._, 

The dam will control water flow of l 
4,000-square-kilometer-drainage area 
and will have a reservoir with a storage 
capacity of 5,400 million cubic me, 
ters... 

The joint venture with INTER. 
GRAL is now completing detailed de. 
signs and construction drawings and I 
providing advisory services to Commif 
sion de Estudlos para el DeSarrollo de 
la Cuenca del Rio Guayas. The firM 
will also provide surcervision and eng! 
neering services durinn construction, 
which isto start soon and is expected to 
last five and a half years. The power 
generating facilities, estimated at $90 

' million, are not included in Agroman 
contract. 

Hydropower to attract settlers 

Like many other North Ameri 
firms, TAMS is working on a hydr 
power project in Argentina as well, Th 
project, called Casa de Piedra is feit 
Neuquen, on the Colorado River.4 tIts 
generating capacity will be 230 mega. 
watts. 

According to Kalman Szalay, proje 
manager-geotechnical, TAMS, "the 
purpose of this project is to attract'! 
settlement in the area. "The area who' 

dam and reservoir will be putl 
place is now desolate. The Argent 
government hopes after the project
completed and irrigation water is adl 
able, people will come and live in:tl_ 
area." 

"The project is on the border oft
provinces, La Pampa and Rio Nei' 
Thtse provinces and the province, 
Buenos Aires will benefit from the I'gation water the project will provlde. 
he said.. 

Right now, Argentina, the elgh 
largest nation in the world in terms,.6 = 
territorial size, has a population.O 
about 27 million people. The major poi-; ' 

tion of the population is concentrated i.the Buenos Aires province,. ',, 
thBen ie ovince 
"The Argentine government wants,"
 

populate the rest of the country.
 



development will be a tool in '." .... 7.'.- .
 
ing'one step in that direction," Fir.t.U.S-Chlna C. ,ference
 

Szalay pointed out.
 zfl 1Resources, I Environment:'?' .< 

Onomlc benefits from diversified 	 " '' 
u lture ',., 	 BueroIng (Pekling),nN vember 7.,,lc-l , :'¢	 !L,

'fii .heC" S, ; ehnioneenetn available re ioti4 ind denands ofAthe 

e project is alo expected to help "nfercncc hin. on bC aenvre*,t{rl,atdde~hndshh'
thei .;5' prblems.of..I~~~~ti~~ , 	 PeopJe's Republic of Chi interrelationshl'_ thiir riouirce iad'environment is be evrmetAethhlhocrgcntine economy aidinthe 

ccording to Mario Marin, a senior l next month,'.?1 . 
cineer for TAMS, "agricultural pro- -Jointlyspo nsoied by the China Socie 

tion in the provinces of La Pampa 'y'fof;:Energy4Research, the ChInes. 


hd: Rio Negro should diversify after f.Sclence,.the U.S. Society o' 
am an stram."RightRightcomes nowfe_6 e Science, and the Nationse&dam comes on stream." now 
th-provinces produce a limited num-	 to prvdInitrs 

hrot'Englneering, 'the confer. 
r~~~~~~fnp 	 oobjectlie~is to.provide an interna-frui cosbcsetelniso 
.fri. 	 and engineers,.rps bejaqse thandirusi~piieentists 	 Industrial" ... ° " 	 o"scadmi' :t' ,erch;'end 

i ,ydroelectricity the dam will pro-
dshould spur the development of 
ht industry in both provinces as 

cli,' he said. 
)e great contribution hydropower 

s,played in the development of the 
endoza Province over the last 20 

Xars has been exemplary for the Ar-
"-entine people. 

The Mendoza government has put in 
place a number of irrigation projects 
&nd dams which have turned its whole -,conomy around. Today, Mendoza is 

0nsidered one of the richest states in 
6rgentina. It is called "the wine coun-

ry of 
" 
Ar,-ntina" because of its fertile 

t4. 'Charles 
.Mendoza's success story was a factor 

La Pampa's and Rio Negro's deci-
.ion to build the Casa de Piedra dam, 
Sccrding to TAMS engineers. 
'As one source puts it: "no province in 

'Argentina wants to be behind the times. 
Pvery province wants to develop their 
own interests." 
f'Although Latin America promises to 
b the major market for hydroelectric 
projects in the short-term, countries in 
Asia and in Africa offer long-term 
opportunities. 

:According to an industry source who 
requested anonymity: "Africa is an ex-
cellent market for future hydro engi-. 
neering services from a long-term 
itandpoint. The countries are less de-
veloped, and have less internal technol-
,gy than those in other areas. 
",'Africa has huge rivers-the Congo. 
Zambezi, the Nile-here there has 
been relatively little development of 
these resources for hydro. Yet, there is 
vast potential." 
- Most North American engineering 
firms which export hydro services are 
looking at North African market. with 
interest. 
,O"We're very interested in Africa de-
spite competition from the British," 
iays John Leslie, deputy-hydro, new 
business development for Charles T. 
Main. 
i.',"Our company has submitted propos-
als for many upcoming hydro projects 
In "'arious African counttes," he said. 
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Nigeria, the biggest market in black 
Africa, is currently developing hydro-
electricity to energize the country's de-
velopment plan. This comes as no sur-
prise despite the fact that the country
is an OPEC nation with huge reserves 
of low sulfur crude and is the second 
largest supplier of oil to the Uniited 
States. 

T. Main .is working on a 
hydroelectric project in the Niger state 
in Nigeria. The Shiroro project is on 
the Kaduna River approximately 483 
km (300 miles) northeast of Lagos, the 
nation's capital. Shiroro will generate 

'about 600 megawatts of electricity for 
the National Electric Power Authority 
of Nigeria and will be a large supplier 
of energy to the new federal capital of 
Abuja. 

Besides Shiroro, the company said it 
is workinb on a feasibility study to build 
four dams on the St. Paul River in 
Liberia. 
Asian market opens 

Asia also represents huge opportuni-
ties for hydropower development. Indo-
nesia, the Philippines, China, India and 
Pakistan are now getting the most 
attention from North American firms 
which export hydro engineering ser-
vices abroad. 

The Tarbela Dam in Pakistan, one of 
the largest dams ever constructed in 
Asia, (see CE December 1980) has 
been a critical element helping to 
induatrialize the nation with little fossil 

fuel reserves of its own. 
Currently Pakistan's Water and 

Power Development Authority is imple-
menting a program to increase the 
hydroelectric potential at the massive 
Tarbela Dam. The newly projected out-
put of 3,350 megawatts in the next 
decade represents a 50 percent increase 
in what was originally thought possible 

among nitl6ndl;1 t ls'hopid hconfer;
 
end will helptb covert potential ener.#,
 
y of natural iesourcli iht6 useful,
 

gy for daily. netds, f' . .. "'
 .'The.codfetep be qi% Iin
 
etbihn nn Ie[

this first sesio), '"*iba 45'
 
establishing an', lniiih*Uori V'oni.r'4

.orE.,Eergy. Resoure4.,.nA nni.10 t'.fi thbilfuture.:'PaVF1$.. t!ft~kt1 

con Dt4.ria'a. w ,.,h,' mtact. W, YU8 }l"	6ntact"Dr, 

U h .n n 1r3'!%,ER
 
George ,Washlngtoniqn 1veilty'4ai
 
ington, DC220052 ' .'i/
 

at Tarbela, and is equal to the current 
output of WAPA's entire system. 

According to John Lowe III, senior 
partner ofT'iAMS, the New York-based 
engineering firm which designed Tar
bela and has served as consultant to 
WAPA for more than 20 years, "three 
diversion tunnels at Tarbela were desig
nated for possible hydroelectric conver
sion. We had expected to equip each 
with four turbine units, each capable of 
generating 175 megawatts. Now, with 
a greater premium placed on energy, 
we've devised a technique for utilizing 
unconventionctlly high water velocity of 
11.5 meters-per-second to maximize 
output." 

This so-called technique, is simply a 
method by which gates at the project's 
five tunnels are raised so flow velocity is 
increased, explains Anthony N. Mavis, 
director, human resources and market
ing services, TAMS. 

!,igh velocity water can accommo
date larger generating units, Mr. Mavis 
oints out. 
According to Mr. Lowe, "tunnel one 

i.; now in conventional operation, with 
four units having a rated capacity of 
700 megawatts. Another of our units on 
tunnel two will add 700 megawatts next 
year, and, with the upgrading tech
nique, two more units will be con
structed to add 3S0 megawatts to that 
amount. We've r,oncluded that tunnel 
three, planned for installation of 700, 
can have 1,400 megawatts installed in 
the future." 

Built under the auspices of the World 
Bank and with foreign exchange sup
plied by a consortium of nations, Tar
bela began operation in 1976. 

Lori Ioannu is asenior reporter at the Journal of 
Commerce InNew York City. She has reported 
frequently for the United Nations and several 
businesspublications. 

"J. 	 October 1982 Civil Engineering-ASCE / 
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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, 'renewable' sources of 
energy. While supply and cost considerations 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 
financial resources to import costly fossil fuels. Fortu-
nately, in addition to such alternative sources of power 
as biomass conversion, wind energy, and photovoltaic 

asdevices, hydroelectric power is seen an important 
means of providing energy and promoting economic 
growth in developing countries (National Academy of 
Sciences, 1976a).* 

A Small Hydropower Project (SHP) is defined in this 
paper as including a hydroelectric generating facility with 
a capacity of 1,000 kW or less. As SHPs can he desigued 
for a wide range ofcapacities and environmental set'i:igs, 
they car, be an effective means of providing electric power 

canto small, isolated rural communities. This power 
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 educational 

an SHPfacilities. Moreover, electricity generated by 
could contribute to economic development in the regiofi 
by increasing the productivity and profitability of agri-
culture, cottage industries, and commerce in general. 
Such socio-economic benefits can be useful tools in 
stemming the rural-to-urban migrations that have 
plagued large cities in developing countries and widely 
led to serious rural decline, 

*In response to our query concerning possible illustrations, Dr 

Cada replied that he does 'not have any available to send to you 

in time. However. National Acadcmy of Sciences (1976a) does 
provide numerous drawings and photos of SliPs in its book 
Energy for Rural Development... so that the reader may gain 
ailditional perspective of the size and appearance of these in-

stallations by obtaining this free book.'--Ed. 

Poorly planned or uncoordinated SHP development 
can also have adverse environmental impacts in the af
fected region. Recently we discussed (Cada &Zadroga, 
1981) pctential 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 
b: analysed inorder to assess their significance. As such, 
the paper can be used as (1)a suitable basis of methodol
ogy for incorpcrating environmental factors into an 
overall site-selection procedure which also entails engi
neering, sociological, and economic, considerations, and 
(2)a guideline for judging, avoiding, or mitigating, site
specific impacts on natural resources when once an ac
ceptable SHP site has been identified.* 

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 sites for which data can be collected to perform a 
detailed feasibility assessment. Because of the large num
er 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 environmental factors that are detailed in 
this paper are relatively fine-grained, i.e. t'.-y do not 
greatly influence such basic considerations as 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 number of 

* For wider environmental impact assessnient and site-sclcc
referee that UNEP's Guidelinestion. it is recommended by a 

for Assessing Industrial Environmental lipactandEnvirnmnental 
+ 105 pp., 1980) beCriterla for the Siting of Industry (Paris: xv 

consultcd.-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 industries 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 electrification. 

There is a common 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 SIP 
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 get worse 
and worse if land-use practices do not improve on their 
previous showing. 
Question (2): 	 Is the available water-resource ofadequate

quality and 	 quantity to meet project
needs? 

For all sites, the availability of adequate stream-flows 
to ensure efficient and reliable hydroelectric power
generation is a fundamental criterion that must be satis-
fled at the screening stage of site-evaluation. High
sediment-loads may cause excessive abrasion of the tur-
bine and decreased life of the facility. Recent, accurate 
records of stream-flow 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 sea-
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 deferred until such information is available. 

Every effort should be made in the screening study to 
identify all existing or potential public and private water-
users (including minimum flows necessary to suppo't
aquatic biota, navigation, and any necessary diiution of
wastes) that affect flows in the stream. The location of all 
water intakes and discharges in the affected area, as well 
as the respective flow-rates and nature of the effluents, 
must be determined. Only in this way can potential 

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
tirety, 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 to de
velop the site, whatever the projected benefits. Similarly,
if the existence or habitat of any rare or endangered plant 
or animal species is threatened by SHP development, the 
site may not be feasible from both an environmental and 
legal standpoint. 
Question (4): Is there adequate local interast and sup

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

The local community that is destined j., 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 all its ramifications. With respect to the environ
m--nt, 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 watershed 
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 resocrce 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 full cooperation should be received from the commu
nity before proceeding to feasibility stages of investiga
tion. 

FEASIBILrrY STUDY METHODOLOGY 

The feasibility study is conducted at and as the final
 
stage or 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-specific
engine ring, environmental, sociological, and economic,
data with which to make an evaluation of benefits and 
impacts. As conduct of the feasibility 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 be considered, and which 
could be rejected at the feasibility stage of site-selection. 

This section deals with environmental considerations 
that should be taken into account during the feasibility
study. It may be divided into two general parts: first, brief
summarizations of potential environmental impacts of 
SHP development (under the next 15 side-headings), and 
second, compilation of a check-list of suggested informa
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 site. This list, under the 
5jop- 'Check-list of En~iviromten l Information', ties are those whose operation is tied to normal riveride.heading 

flows (below in Fig. 1). These StlPs do not include an 
has 28 numbered items and starts on page 334*. 

i- oto-day,.tustion.Discussion of Potential Impacts 

When considered on a global scale, Small Hydropower 


Projects (SIPS) will encompass a wide range of facility 

jdesigns
and environmental settings. For example, the 

basic criterion of an SHP, i.e. a generation capacity of 

of electricity, can be satisfied by either high-


h<adllowf e igt flow installations, and1,000 kW of 

the environmental impacts resulting from the two designs 

are likely to be quite different. Similarly, the creation of 

a substantial reservoir to store water for reliable, year-

around generation may be required at some sites and not 
at others. The need for an impoundment is of fundamen-
tal importance to the assessment of environmental ef-

can result in a
fects, because impoundment of water 

number of physical, chemical, and biological, changes in 

that will not occur if a no~impoundmentthe stream
design is used. The discussions of potential impacts that 
follow are intended to cover the entire range of SHP 

some of the considerations may
designs, and therefore 
not be appropriate for particular installations or site-
specific environmental conditions. 

Figure 1can be used as a guide to determine which po-
tential environmental impacts are of greatest concern for 

a particular SHP design. Three basic designs are listed in 

Fig. I. Operation of facilities that incorporate.a 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) 

I A 
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Fig. I. Potential enviromental impacts associated with different 

small hydropowerproject designs. 
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useful for establishing the decision-trec which allows [weighting 

3 of the valueanalYsis 

dsuggests that 'A systniticlist of relevant criteria would also 

criteria, in Step 

impoundment or, if one is present, experiene little day
in change in storage capacity due to power gene'a 

When the basic design has been selected, all impacts 

below the point of entry into the list should be explored. 

For example, if a water-storage reservoir is to be part of 

to consider the
the development, it will be necessary 
entire list of possible impacts resulting from it. On the 
other hand, if the SHP utilizes a run-of-the-river design, 

without a reservoir or inter-basin diversion, many poten
weeds or degraded water

tial problems, e.g. aquatic 
quality, are unlikely to occur and thus may not warrant 

detailed examination. 
As with most man.induced stresses, the magnitude of 

environmental impacts resulting from SHP development 
100

is generally related to the size of the facility. Thus a 

kW facility is likely to cause fewer problems thana 1,000
cndtrukW facility-simply because the am 

tion material, watershed disturbance, grading, 
verted water, are less for the smaller facility than for the 

larger one. of equal 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 proportionately larger a 
from a small stream than a 1,000-kW plant located on 

a large river. 
The significance of environmental impacts can, how-

SHP may have little 
ever, vary seasonally; a 0O0-kW 


during high stream-flows in the ray

adverse impar, a significant stress to the

but may representseason, 

aquatic system during times of low-flow. These variable
 

conditions must be considered during the conduct of the
 

feasibility study, in order to arrive at a reliable evaluation 

of the expected potential and maximum foreseeable en

vironmnental impacts. 

Flowdisruption 

of normal instream flows are mosL likely 
mainstream impoundments for

SPs which utilize 
water-storage. Decreased flow downstream of the reser

voir will occur during daily or seasonal filling. Converse

lyE flow can be increased above natural rates during
hydropower generation or when large volumes of water 
are used to flush sediments from the intake structure,of the effects Of 
leading to channel- and bank-erosion and downstream 

sedimentation. Detailed consideration 
and disruption on the physical and bio

og1 environment is provided in Hidebrand 0980a)
18an1llernlogical niomn.spoie

and Petts (1980). 

High suspended-sedinient loads in the stream can af

feet operation and maintenance of the turbine; for examn ceeae 

pies, sediments cause turbine pitting and 
loads may

Moreover, high suspended-sedimentwear.w ea 

foreclose certain downstream water-uses such as potable 

q 
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impoundment or decreased water-velocitiesWhere 
occur, sediment loads will drop out and fill up engineer-

ing structures (such as irrigation canals, reservoirs, and 

intake structures), thereby increasing maintenance costs 

and/or decreasing their useful lifetime. Sedimentation 

can have adverse impacts on aquatic organisms by bury-
ing rock or gravel fish-spawning areas and smothering 
clams, mussels, other bottom-dwelling organisms, fish 
eggs, and rooted aquatic plants (Loar et 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 

or diversion of water for hydropowerImpoundment 

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 

domestic sewage or industrial effluents. Under certain 

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 minimum flows in all sec-
tions of the stream in order to ensure the survival of 
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 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 stream-flow for power producr ion can be expect-
ed to have little or no effect on eit ier diminishing or 
increasing the quantity of flood-fic As. Those installa-
tions which include reservoirs could atilize 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 Quality 

Direct water-quality impacts could occur at those sites 
onewhose designs include (a) diversion of water from 

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 different physical and chemical 

characteristics. If the diverted water is drawn from the 

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

charges, or intensively cultivated land, it may be of lower 

quality than the receiving stream. 
Water that is impounded in relatively deep, sheltered 

stratified. Reservoirreservoirs may become thermally 
can lead to depletion of dissolved oxygenstratification 

and increases in hydrogen sulphide, ammonia, and re

duced iron and manganese-all, of which will degrade 

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

Impacts on Aquatic Organisms 

Operation of an SHP can affect aquatic organisms ei
ther directly (turbine-related mortality, impingement, 
etc.) 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 efflicien
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 

habitat due to suboptimalinclude deterioration in 
stream-flows (Hildebrand, 1980a; Loar &Sale, 198 1)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 
impoundment-resulting in a loss of bottom organisms 
and a potential blockage for upstream- and downstream
migrating fishes (Geen, 1974; Hildebrand, 1980b). Im
pounded water inundates terrestrial habitat as well as 
stream habitat and potential spawning sites of riverine 
fish. Aquatic organisms adapted to flowing water in the 
unimpounded stream will then be replaced by species 
which are adapted to life in a reservoir (Baxter, 1977). 

Water-borneDiseasesand Parasites 
As with water-quality impacts, the operation of an 

SHP facility per se is not expected to affect the trans
the self

mission of water-borne diseases. Although 
nonpurifying capacity of water moving quickly in a 

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 cases. 

Facility designs incorporating inter-basin (watershed) 
diversions or water impoundments can promote water
borne disease problems. Water contaminated by human 
sewage or runoff 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 in a hydroelectric reservoir 

could enhance survival of disease organisms, because 

those factors that are critical to self-purification of water 

in a stream (turbulence, sunlight penetration, oxygena

tion, etc.) are reduced or eliminated in a reservoir. Fi

nally, water impoundments provide increased habitat for 

mosquitoes (which are vectors of such diseases as mala

ria, encephalitis, yellow fever, and dengue) and snails 

(which are alternate hosts of other animal and human 

parasites such as schistosomiasis) (Brown & Deoni, 

1973). On the other hand, the elimination of fast-flowing 
sections of streams by impoundment could cause a lo

calized decrease in the incidence of onchocerciasis (river 

blindr.ess). 
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operation by clogging the intake structure, increasing 
the reservoir,

of access roas, dams, diversio canas evapotranspiration losses of water from 
Construction 

reducing the effective water-volume of the reservoir, har
f 	 bouring disease vectors and parasite hosts, increasingrm redConstruction 


or other on-site activities, will result in the disturbance
pacs 	

sediment- and nutrient-trap efficiency (thereby decreas
and movement oferodible soils. Sound engineering prac-

ing the useful life of the reservoir), and hindering alter
tiees, e.g. the use ofsoil stabilization techniques or storm-

native water-uses (e.g. fishing, swimming, and livestock 
water retention dikes, can reduce sedimentation impacts 

watering).
on stream organisms during construction. Care must also 

Static conditions created by reservoirs also favour the 
be taken to prevent oils, greases, and chemical wastes, Lonic Algae. Some species of

excessive growth of plan 
from being discharged into streams. 	 sensu latissito, especially some Blue-green Algae

ha 
Operation of transmission lines may require the clear-

that thrive in warm, nutrient-rich waters, release chemi
ing and maintenance of relatively vegetation-free 'cor-	 animals. The decomposition of

cals that are toxic to 
ridors'. Such activities may restrict alternative land-uses, 


are usually not significant. In excessive growths of such Algae and large aquatic weeds
 
but impacts on wildlife can significantly degrade water-quality both within the
 
cases where terrestrial habitat diversity is increased by 

reservoir and downstream from the SHP discharge.
 
transmission-line corridors, wildlife may actually benefit. 

The problems of nuisance growths of Algae and aquat
d in greater detail. e.g. in Mitchell (1973), Bach

ic weeds, as well as techniques for dealing with them, are 
Land-use and Development)ptimalconsidere the ach

ren 	 1978b), and the National
Rhodes (1978a,man (1978),The immediate, direct land-use impact of an SHP is the 

Academy of Sciences (I976b). The development of aquat
commitment of land for on-site components (canals, 

roads, and 
penstock, turbine buildings, etc.), access 

ic weeds, and the cost of their subsequent control, must
 

transmission lines. If a water-storage reservoir is part of 
be given serious consideration when examining ihe feasi

the design, some land (all-too-often potentially prime, 	
bility of SHP sites- especially those located in warm 

climates or at low altitudes.
river-bottom farmland or land already occupied by hum-


an settlements) will be inundated. 


SHP development will be likely to have the effect of
 
human Wildlife Impacts

and increased
promoting other development 	

Site clearance and road construction for an SHP may 
area of influence. Construction of a 	 constructionpopulations in its 	 eliminate critical wildlife habitat, while 

e e t 	 ra
ftretilmmas
hydrodinmtallation should not be approved until land-use 	
o irtr ~noise and activities could interfere with nesting of birds 

capability determinations have been made for the entire 	
of terrestrial mammals. Creaadequate management and protection strategies have 

or migratory movements 
drainage basin that wduld be feeding thle project, and 

of a reservoir will permanently inundate floodplain 
rte cn stionanmentanadequatpe 	 vegetation (which often provides excellent wildlife hab

animals.displace associated terrestrial 
been approved and enacted, 	 itat) and will or alter 

Flow-regulation during operation may prevent 
of 

Nutrient- and Sediment-trapping Effects 	
the extent and seasonal timing of natural flooding 

which incorporate reservoirs may 
marshes 	and wetlands- systems that are 

SHP installations 	 downstream 
act as sediment- and nutrient-traps. As a stream enters 

extremely important to numerous aquatic and terrestrial 

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

velocities and decreasing sediment trauisporn capacities. 
On the positive side, SHP reservoirs may create or 

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

formation) which depends primarily on the fall velocities a permanent source 
impoundments may constitute 	 of 

mean flow-velocity 	 existed before, and therefore could 
of the sediment particles and the 	 water where none 

of wildlife populations. Im
through the reservoir. The phenomena of nutrient- and 

allow for the expansion vegetationsdiment-trappinlg effects are treated in detail in Hilde- with emergent, shallow-water 
bedimtrang e s apoundments 	

will provide nesting sites, food, and shelter, for waterfowl 
brand (1980a). 


and shorebirds.
Impacts ofwater-storage reservoirs on terrestrial wild-

Aquatic Weeds and Eutrophication 
life and habitat are discussed in greater detail by Trefe

'Nuisance' aquatic vegetation can cause operation and 
then (1973) and by Heinzenknecht & Paterson (1978). 

maintenance problems at SHPs, especially when an im-


poundment has been created. By slowiag the river cur

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

reservoirs provide excellent conditions In addition to the primary, direct impacts on environ

of macrophytic floating-plants (e.g. Water-hyacinth 
mental resources that have been discussed in previous 

and Water-lettuce [Pistia stra-
sections, the provision of electricity to rural areas by SHP 

[Eichhornia crassipes] lhdrilla 	 a number of secondary 
tiotes]), submerged, rooted vegetation (ltydrilla 	 to have

ll	 development is likely 
ithuanicaland water millfoil [IAYri' I

hy ui spp.1), and/ 
effects. For example, establishment of new roads, small 

rooted. emergent plants (cattails lpha spp.I, bul-
industries, and irrigation capa)ilities, and immigration 

or others). Not only do 	
areas, are all potential social benefits 

rushes JScirpus spp.1, and many 	 into undeveloped 
these plants have profound effects on the aquatic biolog-

from rural electrification that could, in them
derived 

can also interfere with SlIP 
ical community, but they 
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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 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 that 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, 1977b). 

In similar manner increased needs of water for such 
purposes as irrigation or aquaculture may occur as an 
indirect result of rural electrification and concomitant 
population increases, and may add unacceptable stresses 
to limited resources. It is accordingly ofgreat 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 SHP, development involves impound-
ment of water. Irreversible commitment of soil resources 
will result from impoundment and consequent flooding 

ical, archaeological, historical, and/or cultural, resources 
may also be lost to flooding. In addition, the creation of 
an impoundment will normally result in siltation in the
reservoir and an irreversible alteration in the topography 
resrvo vi anle irreverbealteraton oand the g&ahy, 
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 ofEnvironmental Information 

The check-list in his 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 the reconnaissance level; that is, it can 
usually be quickly obtained by examining existing maps. 

.reports, and publications, or by contacting appropriate 
people in government agencies, universities, or local 
communities. The items requested by means of the check- 
list are intended to represent the mininua information 
needed to cover a wide range of' potential sites and cn-
vironmental 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: 

(1) Obtain 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 aerial photographs of the site and 
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 water-storage impoundment is part of the SHP 
design, determine the timing of reservoir releases on 
a daily and seasonal basis. 

(7) Determine the alternative 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 sediment) by 
construction and operation of the SHP. 

(9) 	 Locate important alluvial floodplains that will (or 
may) no longer be seasonally flooded owing to res

of 	rvervaley-bttos. he stegeoog-(10) Locate other water-bodies (lakes, reservoirs, etc.)epeningon 	 (Iervoir flow-regulation.of river valley-bottoms. Depending on the site, geolog-
that are associated with the surface waters of the 
study area. 
stuar e lo

(11) 	 According to the life-zones and ecological maps of 
the country or other area involved, determine which 
of these zones occur in the watershed under study,what runoff distribution could naturally be ex
pect from eife-on or otr aprpit 
pected from each life-zone (or other appropriate 
balance estimations, and how many effectively dry 
monls there are in each annual water-cycle. 

(12) 	 Obtain an up-to-date map of actual land-uses of the 

area, determining which are the predominant ones. 
(13) 	 Obtain or prepare land-use capability or land-use 

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

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

(15) 	 Determine what important soil, geological, histori
cal, cultural, or archaeological, resources would or 
could be lost as a result of site construction, access
road construction, transmission-line construction, 
impoundment or other SlIP activity. 

(16) 	 Determine whether the SlIP site is near a protected 
area (preserve, sanctuary, refuge, or dedicated area, 
etc.) that may require special consideration. 
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and mitigative measures against the benefits of electricity 
Determine whether stream-waters near the site are(17)nay 
used for fish spawning, nursery, or feeding areas, ur 

the 
as fish migration routes. 
Determine whether any rare, endangered, or com-(18) 	
mercially or recreationally important, species of 
plants or animals inhabit the region.)e) 

(19) Identify the principal aquatic species present in the 
area affected by SHP 	construction and operation.hy-

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

endemic to the area, and determine the possibility 

es) of spreading or accentuating disease problems by 

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

irge capable of introduction to it, that could interfere 
production and alternativewith hydroelectricity 


;HP water-uses. 

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

environmental stresses in the area, and any future 

in- developments that may be planned for the area and 

might add additional 	stresses; characterize and, if
a)in 

possible, quantify these stresses,dis-
(24) Estimate the nature and size ofsuspended sedimentsand 

in the stream as well as the bedload (relatively large 

cd sediment particles moving along the channel bot-

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

I (or temperature, dissolved solids, salt, nutrient, and 

dissolved oxygen levels, and investigate the possibleres-
presence of toxic materials or disease organisms. 

1(26) Identify any active or projected mining activities in
etc.) 


if there are any, 	determinedthe 	 the study area and, 
whether they are (to be) open-pit or tunnel mines 
and how their wastes are (to be) handied.s of 

rhich (27) 	Consider any particular design features of the SHP 
plant (e.g. impoundment or trans-basin diversion)Ludy, 
which would necessitate special consideration with 

ex-

regard to environmental impacts.riate 


(28) 	Determine the possibilities for avoiding, reducing,ater-
or mitigating, environmental impacts of SHP site-

Vdriy 

development, by adequate prior planning to keep 

fthe any undesirable effect to an absolute minimum, 

onCS. 
to all of these requests for information -use Responses 

should be provided on the basis of the questic as as stated 
area, 

and the foreseeable outcomes. If no information is avail-
st for 

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

to the community. In general, due to the small scale of 

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

that 	 involve extified. However, for 	 certain impacts 
cessive costs or benefits and that therefore 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 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, 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 selection should be conducted by 
formal training in an environmentalindividuals with 

orfield (e.g. natural resources management, ecology, 

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 -.reen

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 SHP development agen

cy and therefore has no potential conflicts 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 staff) who could be put on 

contract as consultants. If the required expertise cannot 

be found within the country itself, it may be necessary to 

obtain the services of foreign consultants (who are legion 

but not always good) 	to ensure that a critical and objec
names and addresses 	of all 

'ion and a list kept of the full 	
tive analysis will be made of the candidate sites.* 

people contacted in the search. If certain information is 
verse 	 The first step in the feasibility study is to compile 

.critical to the final assessment, and could be generated 	 in 
with relatively little time and resource expenditure (e.g. relevant environmental information for the region 

stori-	 question. This could be done most efliciently by contact
ld or field checking), this should be done. 

When all available information has been assembled, 
possible environmentalthe significance of definite oretion. 

*A referee suggests that 'contacts with foreign consultants 
impacts arising from development and operation of the could be established with the help of international institutionscx-SHP should be judged by competent people withotter 	 such as UNEP, or IUCN's new"Conservation for Development 

area. perience in environmental impact assessmrnt - by 
Centre"'.- Ed. 

weighing the cost 	of irreversible impacts or preventive 

\-V
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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 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 environmental 
and social setting in which the project will be developed, 
identify any previously unanticipated problems, and dis-
cuss the project with the local community. The site visit 
will provide a valuable perspective which will enable the 
interdisciplinary team (engineers, ecologists, sociologists, 
economists, and others) to weigh the various projected 
benefits and consequences of SHP development at each 
short-listed candidate site before making its final se-
lection. 

In summary, the principal objective of incorporating 
concerns into an overall site-selectionenvironmental 

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 industrics 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 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 (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 
of an SHP 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
and feasibilityselection process both at the screening 

astages. The screening study is the process by which 
large number of potential sites are reduced to a much 
smaller number of candidate sites based on coarse
grained engineering, 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 SHPs, the quality and quantity 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 if 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 facility. We provide 
a check-list of environmental data that should be collec
ted at this stage in order to judge the significance of 
projected impacts of candidate SHPs. 

It is important that site selection and impact evalua
tion be conducted by competent individuals with formal 
training and experience in an appropriate environmental 
field. After compiling relevant information (e.g., through 
literature searches and contacts with government agen
cies or universities), the feasibility study team should visit 
the site of each at all likely-to-be chosen SHP. This will 
allow the interdisciplinary team's members to identify 
any previously unanticipated problems, to receive inputs 
from the local community, and to weigh the various 
benefits and consequences of SHP development before 
making their final selection. 
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(Concludedfrom page 348) 

suit in these habitats drying up by midsummer and hence 
before the completion of metamorphosis. The Wyoming 
Toad and Leopard Frog may have failed to reproduce in 
recent years as a result of generally dry years. 

4. Predation is an ever-present factor in amphibian 
biology. Gulls, Raccoons (Proct'on lotor), foxes, and 
Skunks (Mephitis mephitis), are plentiful in the Laramie 
Basin; most such predators have increased in numbers 
during the last 50 years, probably in response to changes 
;n habitat and to certain human activities which have 
benefited some animals at the expense of others. Anuran 
tadpoles, and, especially, newly-transformed juveniles, 
are particularly susceptible to predation by gulls and 
foxes. 

5. Certain diseases may have caused excess mortality 
in anuran populations in recent years. 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 effect on the 
popfilation dynamics of anurans. The relatively small 
population of a supposedly relict form such as the 
Wyoming Toad, in a restricted area such as the Laramie 
Basin, might be expected to decline and quite possibly
become extinct 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 is not sufficient to prevent extinction. There is an 
urgent need for research on the causes of decline of 
amphiban populations throughout the Laramie Basin 
andelsewhere. Meanwhile searches should continue for 
additional populations of the Wyoming Toad; if such are 
found, they should be protected immediately through
cooerative agreements with landowners. In addition, it 
might be adviseable to start a captive breeding pro-
gramme such as has been undertaken by the Houston 
Zoo on behalf of the endangered Houston Toad, Bufo 
houstonensis. Unless such measures are forthcoming, the 
Wyoming Toad may become extinct in the very near 
future. 

REFERENCES 
BAXTER, GEORGE T. & MEYER, J.S. (1982). The status and 

decline of the Wyoming toad, Btujb hemiophrys baxteri. J. 
Colo.-Wyo. Acad. Sc., 14(1), p. 33. 

BAXTER, GEORGE T. & STONE, M.D. (1980). Amphibians and 
Reptiles of Wyomning. Wyoming Game and Fish Depart. 
mcnt,.Laramic. Wyoming, USA: 137 pp. (mimcogr.) 

BAxrtiR, GEORGE T. & STROMEIiR(;, M. (1980). Status Report. 
Rep. to US Fish and Wildlife Service, Denver, Colorado,
USA: 5pp. (mimeogr.).

BL.ILER, JOHN L. & KING, F.W. (1979). The Audubon Society
Field Guide to North American Rcptiles and Amphibians. 
Alfred A. Knopf' New York, NY, USA: 719 pp., illustr. 

HAZELWOOD, ELLEN (1970). Frog pond contaminated. Brit. J. 
tlerpetol., 4, pp. 177-85. 

JOHNSON, C.R. & PRINE, J.E. (1976). The effects of sublethal 
concentrations of organophosphorus insecticides and an 
insect growth-regulator on temperature tolerance in hy
drated and dehydrated juvenile Western Toads. Buj' bo
reas. Comp. Biocl.em. Physiol., 53A, pp. 147-9. 

PACKARD, GARY C. (1971). Inconsistency in application of the 
biological species concept to disjunct populations of 
anurans in southeastern Wyoming and north-central Col
orado. J. Herpetol., 5(3-4), pp. 191-3. 

PORTER, KENNETH R. (1968). Evolutionary status of a relict 
population of Bufo hemiophrys Cope. Evolution, 22(3), pp.
583-94. 

SANDERS, H.O. (1970). Pesticide toxicities to tadpoles of the 
western Chorus Frog, Pseudacris triseriata, and Fowler's 
Toad, BuJo woodhouseifowleri. Copeia, 1970, pp.246-51.

STROMBERG, MARK R,(1981). Wyoming Toad (Bufo hemiophrys 
baxteri) endangered. J. Colo.-Wyo. Acad. Sci., 13(l), p. 
47. 

VANKIRK, EDWARD A. (1980). Report on Population of Bufo 
hemiophrys on Laramie Plain, Albany County, Wyoming. 
Rep. to Wyoming Natural Heritage Program, The Nature 
Conservancy, Cheyenne, Wyoming, US: 6 pp. (mimeogr.). 

GEORGE T. BAXTER 
Department ofZoology and Physiology
University of Wyoming
Laramie 
Wyoming 82070, USA, 

MARK R. STROMBERG 
The Nature Conservancy
1732 Pearl Street 
Denver 
Colorado 80203, USA 

C. KENNETH DODD, JR, Staff Herpetologist 
Office of Endangered Specie; 
US Fish and Wildlife Service 
Department of the Interior 
Washington, 
D.C. 20240, USA. 

http:Biocl.em

