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The Big Dam Debate 
The Engineer's Role 

An engineer should bring 
ethical decisionmaking 
skills as well as technical 
expertise to a large-scale dam 
project. 

PHILIP B. WILLIAMS 

The growing international debate over 
the real costs and benefits of large 
dams is now approaching the level of 

controversy that engineers last experienced 
twenty years ago over the future of nuclear 
power. With some notable exceptions, leaders 
of the engineering profession frequently act as 
advocates for big dam technology as a solu
tion to societal problems, particularly those of 
economic development in the Third World. As 
evidence mounts of the escalating long-term 
effects of massive alterations of the world's 
major river systems, this advocacy is creating 
a crisis of public confidence in the professional 
judgment of civil engineers involved in dam 
technology. 

The civil engineering profession was born in 
the early 19th century to fulfill a societal aspira
tion of the time: the implementation of the 
promises of the industrial revolution. This goal 
is perfectly captured in Thomas Tredgolds' 
"mission statement" for the Institute of Civil 

Engineers in London in 1828 in which he de
scribed civil engineering as "the art of directing 
the great Sources of Power in Nature for the use 
and convenience of man." 

As the achievements of Victorian era civil 
engineers multiplied, public prestige and con
fidence grew. By the early 20th century engi
neers were widely respected as confident, 
clear-thinking professionals who led the way 
to prosperity. John R. Freeman himself was an 
archetype of this era's perception of the "Engi
neer as Hero." 

Sixty years ago, the world was in a great eco
nomic and social crisis - The Great Depres
sion. In capitalist and communist countries 
alike, governments turned to engineers to 
solve the problem of transforming society to a 
more "rational" economy. Whether this was 
done through the New Deal in the U.S., or 
through forced collectivization in the U.S.S.R., 
engineers seized the opportunity. 

One of the most hopeful new technologies 
that engineers argued could be used for revolu
tionary economic development - and that 
would immediately put thousands of persons 
back to work - was the construction of large 
dams, harnessing the entire resources of a river 
basin (one such example is the Tennessee Val
ley). In the 1930s, 1940s and 1950s, the goal of 
many of the most idealistic and creative engi
neers was to build large dams. They were given 
the authority, respect and public support to 
carry out their mission. 

CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1997 33 



The importance of the responsibilities that 
engineers were given during this time of crisis 
can still be seen in the U.S. through the contin
ued. supremacy of the dam-building agencies 
- the Army Corps of Engineers and the Bu
reau of Reclamation - in the management of 
rivers and water resources. In the communist 
countries, engineers were given similar power 
to achieve revolutionary change, and the route 
to supreme power in the Communist Party was 
often through a civil engineering institute. Both 
Boris Yeltsin and Li Peng were trained as civil 
engineers. 

It was the combination of technical innova
tion, concern for the public interest and public 
support that helped engineers launch the big 
dam building era. That era was unique in hu
man history because, in the space of a few dec
ades, it transformed many of the world's major 
river systems in ways that we are now only 
starting to understand - and regret.1 The 
darns constructed in the U.S. and the U .S.S.R. in 
the 1940s and 1950s became the model for rapid 
industrialization for the rest of the world.2 

Even before most of the big darns had been put 
in operation, hydraulic engineers became en
thusiastic missionaries of development, advo
cating huge civil works projects such as dams 
on the Volta, the Zambezi and the Nile; em
bankments in East Pakistan; or draining the 
Sudd marshes of Sudan. These projects were 
conceived with high ideals: to bring the same 
kind of benefits believed to be accruing to 
Americans (in the Mississippi Valley and Cali
fornia's Central Valley) to the impoverished 
people of the Third World. 

In advocating big dams, engineers pro
moted not just the techniques for building the 
dams themselves, but the entire technological 
system required for implementing them as 
well. Big dams are an excellent example of 
Lewis Mumford's definition of technics: en
compassing not just the concrete and calcula
tions required to build an artifact, but also the 
infrastructure and social relations required for 
its application. In the case of the Third World, 
much of the infrastructure and expertise was 
lacking, but could be supplied expensively and 
conveniently from developed nations - often 
by the same engineers and consulting firms 
who were so effective in advising aid agencies 
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on the needs of the poor. But the required 
changes in social relations were more problem
atic, for several reasons. No developing coun
try could afford such grandiose civil works 
projects and it became quickly apparent that 
many rural people were reluctant to sacrifice 
their ancestral valleys for the greater good of a 
nation. It became clear that to implement such 
revolutionary technology, developing nations 
needed easily available capital and strong cen
tralized power. 

Neither of these problems deterred the dam 
promoters. After all, California had been un
able to afford even its own Central Valley Pro
ject and the West's big dams did not get built 
until the federal taxpayers proved willing to 
subsidize the development of California agri
business. 3 In the 1950s and 1960s the timing 
was right: big dams as a new technology coin
cided with the ascendance of a new breed of 
economic planners - headquartered in the 
newly established World Bank. These econo
mists believed that the way to prosperity for 
developing countries was through large loans 
for massive infrastructure projects that- they 
thought - would be easily repaid by the huge 
economic benefits the dams would inevitably 
bring. Large darns were the perfect instrument 
for this new development ideology. 4 

Strong centralized governments were al
ready in place in many countries, and it was in
evitable that dictators - particularly corrupt 
dictators - became some of the strongest allies 
of the aid industry economists and the dam en
gineers. The generals of Guatemala showed no 
compunction in allowing the massacre of 369 
villagers who refused to make way for the 
Chixoy Dam.5 Ghana's President for Life 
K wame Nkrumah bargained away 4 percent of 
his country for the opportunity to create an in
dustrialized nation out of what was then West 
Africa's wealthiest agricultural economy and 
to leave a monument to his leadership by 
building the Akosornbo Dam. 5 Furthermore, in 
Argentina in the 1980s, the military junta al
lowed cost overruns of over 400 percent on the 
original estimated $2.6 billion cost of the Yacy
rarita Dam, causing it to be denounced as "a 
monument to corruption" by President Me
nem. 6 In all of these World Bank-financed proj
ects, U.S. engineers played a significant role. 



Over the last two decades, as the enormity of 
the economic, social and, ecological costs of big 
dams has become more widely known and the 
benefits far less than promised, public opinion 
outside the engineering community has be
come increasingly disenchanted with mega
projects and technolotcal fixes to social and 
economic problems.5, In the U.S. in the 1970s, 
environmentalists fought bitter fights over pro
posed dams from the Grand Canyon to Maine. 
Although many of these battles were lost, they 
disclosed to the larger public the deception and 
incipient corruption of the water projects' 
"pork barrel system" and the huge taxpayer 
subsidies for special interests.8 

With the increasingly stringent enforcement 
of the National Environmental Policy Act 
(1969), the passage of the Freedom of Informa
tion Act (1972), and enforcement of economic 
accountability in the 1986 Water Projects Act, 
very few new large dams are being proposed in 
the U.S. The Commissioner of the Bureau of 
Reclamation, Dan Beard, recently announced 
that "the dam building era in the U.S. is now 
over."9 In the Soviet Bloc, popular outrage to 
planning fiascos like the Volga Dams and di
versions from the Aral Sea, was finally able to 
express itself in the late 1980s. Public opposi
tion and mass demonstrations against hydroe
lectric dams was the proximate cause of the 
overthrow of the communist governments in 
Hungary, Latvia, Bulgaria and Georgia. In de
veloping countries where popular opposition 
can be expressed (such as India, Brazil and Ne
pal), big dam proposals are now being shelved, 
cutback or postponed, forcing international 
agencies like the World Bank to back away 
from funding big dams, except in countries 
where opposition is suppressed and scientific 
debate is completely stifled (such as China). 

The hydraulic engineering profession has 
been largely oblivious tothese changes in pub
lic attitudes over the last twenty years. As criti
cism of large water projects has grown, the re
sponse of many professional leaders and 
engineering institutions has been first to ig
nore, then to trivialize and finally to denigrate 
as "emotional" concerns over the devastating 
social, economic and ecologic impacts that had 
routinely been excluded - or ignored - in the 
planning and execution of large dam proj-

ects.10 (For two recent examples of these atti
tudes, see Mosonyi and Frederiksen.11,12) In 
the face of growing questions regarding the 
real benefits of big dams, some engineers in
creasingly justify any arguments or measures 
to ensure the achievement of their primary 
goal: the construction of the dam. 

Some of the most authoritative voices in the 
profession willingly lend their prestige and 
authority to legitimize projects that have ru
ined the lives of millions, bankrupted econo
mies and destroyed entire riverine ecosystems. 
This use of professional and technical authority 
occurs in many different ways. For example, in 
1994, a symposium was organized in Califor
nia by the Chinese Engineer's Institute on the 
Three Gorges Project and was attended by the 
Chief Engineer of the Yangtze Valley Planning 
Authority (YVPO). One of America's most 
prominent structural engineers had no hesita
tion in using his prestige to advocate the project 
as a great achievement for China - but when 
asked whether he would ever recommend 
building a similar structure in the U.S. to the 
seismic design criteria adopted by the YVPO, 
he refused to answer and left the conference 
hall. 

Eminent professors from university engi
neering departments in the U.S. are frequently 
invited to participate on so-called "independ
ent" international expert review panels that are 
sponsored by aid bureaucracies like the World 
Bank. These panels, conducted in secrecy, re
ceive much of their information only from the 
dam building advocates. These professors par
ticipate, knowing that their favorable opinions 
on narrow design questions will be used to jus
tify the project as a whole, with ramifications 
including the forcible relocation of thousands 
of people and the destruction of major ecosys
tems. 

In the case of the Three Gorges Dam, the U.S. 
government has refused to participate in its 
construction because of human rights viola
tions and poor economic justification. Never
theless, a major U.S. consulting engineering 
firm has been vigorously lobbying to have this 
decision overturned for the benefits of its own 
potential future contracts. This same consult
ing firm has been retained by the Malaysian 
Government to lend credibility to the plans for 
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the grandiose and hugely expensive Bakun 
Dam - whose immediate beneficiaries will be 
the rainforest loggers and the construction in
dustry, but whose long-term costs will be born 
by the people of Sarawak.6 

The result of these kind of activities is that 
dam engineers are increasingly seen as self
interested advocates and apologists for the in
terests that promote big dams rather than pro
fessionals working for a larger public good. 
This perception has been reinforced by the con
tinued inability of the International Commis
sion on Large Dams (ICOLD), the premier as
sociation of dam design professionals, to 
determine whether it is a professional associa
tion or a lobbying organization for pig dam 
technology.2 By engaging in lobbying, ICOLD 
discredits the professional reputation of its en
gineer members, many of whom would like to 
see international standards established on cru
cial dam design questions. In the absence of 
such standards, engineers on many interna
tional projects are subject to unbearable pres
sure to compromise their best judgment in or
der to get the project built. 

It is true that part of the engineer's crisis of 
credibility is the result of changing societal ob
jectives in the management of water resources. 
Half a century ago, water resources manage
ment was perceived as a fairly simple question 
of maximizing the economic utility of a river 
through engineering works. If water manage
ment was simply a large-scale plumbing prob
lem, clearly hydraulic engineers had the neces
sary expertise and it made sense to put them in 
charge. Now, there are many more manage
ment concerns: fisheries, water quality, flood
plain land use, wetlands, estuaries and beach 
replenishment, and natural beauty - all of 
which require different professional skills. En
gineers also are now aware of the interdepend
ence of these varied management goals and the 
need to manage for the long term. It is hardly 
surprising that the average hydraulic engineer 
feels out of his/ her depth in dealing with these 
issues. Nevertheless, in most parts of the 
world, engineers - and more specifically, dam 
designers - are still in charge of many of the 
major water resource management agencies 
and remain highly influential in important in
ternational development institutions like the 
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World Bank (notwithstanding the attempts to 
broaden perspectives by internal reformers). 

Unfortunately, defensiveness over the obvi
ous problems with big dams has created a ten
dency for some engineers to prefer to insulate 
themselves from the opinions of the outside 
world. As the body of scientific knowledge of 
river systems grows, more and more evidence 
of the long-term adverse affects of large dam 
projects becomes established, placing ever in
creasing obstacles in the way of implementing 
large water projects. 

A symptom of engineers' growing insula
tion is eloquently stated in the title of the recent 
paper entitled "Environmental and Social Im
pacts of Large Scale Hydro-Electric Develop
ment: Who Is Listening?"13 One of the interest
ing aspects of the "Big Dam Debate" is how a 
review of the scientific literature shows it to be 
as much a debate between engineers and scien
tists as it is between engineers and environ
mentalists or human rights advocates. This ten
sion has certainly made things easier for 
opponents of large dams - who advocate 
open decisionmaking and complete scientific 
and environmental studies. Nowadays, engi
neers are too often forced to rely on govern
ment secrecy and the exclusion of rational sci
entific environmental analyses to justify their 
recommendations to build a dam. 

Critics of large dams have raised substantial 
scientific questions that the public expects to be 
within the field of engineering expertise. Such 
questions include the issues of dam safety, res
ervoir sedimentation, the reliability of hydro
logic data and the impacts on river hydraulics 
downstream. Such questions are seldom 
treated on their merits - in part because engi
neers, unlike scientists, are trained to make de
cisions based on incomplete or uncertain data. 
In the case of big dams, the enormous conse
quences of being wrong in these decisions has 
not been recognized. Almost invariably, engi
neers argue for smaller earthquake ground ac
celerations, lower reservoir sedimentation 
rates and greater operational reliability than 
scientists in related fields, such as seismolo
gists, geomorphologists or natural hazards ex
perts. 

A contemporary example of" anti-scientific" 
engineering analysis is in the recently released 



preliminary plan for a staircase of hydropower 
darns on the Mekong River.14 The Mekong is 
one of the world's largest remaining un
darnrned rivers, with the world's second most 
diverse fishery that provides the major source 
of protein for millions of people in Indochina. 
Acting on the instructions of the engineers of 
the Mekong Secretariat, the engineering con
sultants on the project limited the scope of their 
analyses of fisheries impacts, and character
ized these impacts in their report's Executive 
Summary as "not significant," even though the 
fisheries consultant stated" data now available 
are insufficient to support any analysis of the 
projects [sic]."14 

On the few occasions when technical issues 
are examined from outside the engineering fra
ternity, the results can be extremely disturbing 
(for example, the Morse Commission's critique 
of the inadequate hydrology used in the Sardar 
Sarovar project,15 and the International Union 
for the Conservation of Nature'. s critique of the 
water supply analysis of the Botswana Irriga
tion Project).16 

Furthermore, the focus on the construction of 
a project as the goal of darn engineers has led 
them to define success as simply the comple
tion of a darn. Whether th(;! darn silts up, pol
lutes the river, spreads schistosorniasis, or 
leads to civil war is considered to have nothing 
to do with the engineers. The lack of introspec
tion and unwillingness to embrace scientific in
quiry has prevented an information feedback 
loop that can systematically build on experi
ence. In spite of the huge investments in large 
darns, it is very difficult to find clearly stated, 
measurable objectives in the planning and de
sign that can be used to define performance. 
Russian engineers, critical of hydropower de
velopment in Siberia, have termed them "hy
dro technical experiments." However, a true 
experiment requires a testable hypothesis, not 
grandiose assertions such as that a darn is "the 
only remedy against re-occurring drought," as 
was claimed for the Sardar Sarovar Darn.15 

In many respects, the engineering advocates 
of large darns now find themselves adopting 
the similar position to those of nuclear power 
engineers twenty years ago, whose continued 
denials of the real problems of radiation helped 
destroy public confidence in an entire technol-

ogy. The Big Darn Debate itself is remarkably 
similar to the Nuclear Power Debate of the 
1970s. For example: 

• Both technologies are still experimental
with operating lives substantially shorter 
than what is necessary to test perform
ance in the full range of operating condi
tions; 

• The problems of aging and decommis
sioning have been excluded from plan
ning and analysis; 

• Although the consequences of failure can 
be catastrophic - killing and displacing 
millions of people - these risks are rou
tinely discounted and ignored in eco
nomic analyses; 

• Perfect operation over the lifetime of the 
project is almost always assumed - con
trary to actual operating experience; 

• Economic costs of ecological damage are 
borne by the public rather than the project 
beneficiaries; 

• The projects are almost always subject to 
substantial delays and cost overruns that 
are not reflected in the projected benefit 
cost ratio; and, 

• The projects are promoted as providing 
cheap, clean electricity. 

Societies' aspirations are different than they 
were 200 years ago at the beginning of the in
dustrial revolution. We are now concerned 
with new ideas like resource management, sus
tainability and the integrity of the global eco
system. Yet it appears that many of civil engi
neering's leaders are still motivated by the old 
ideas of exploiting a finite natural world - and 
an almost mystical need to "tame wild rivers." 

It is time to rethink the engineer's role in wa
ter resources management. The engineer's fu
ture role should be not as an advocate of a par
ticular technology, but as a key participant in 
an interdisciplinary problem-solving effort, 
one in which engineers are trained to use an ar
ray of management tools - not just make 
plumbing fixes. Engineers need to see them
selves more as managers and less as builders. 
The sense of energy and public service that mo
tivated engineers 100 years ago must be recap
tured. One obvious place to start is to insist, in 
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all professional work (both in the U.S. and 
abroad), that engineers will only carry out 
work according to the principles and canons of 
the American Society of Civil Engineers. If en
gineers do this, it would mean that they cannot 
continue to collude in the implementation of 
dam projects that are conceived and planned in 
secrecy, or are justified by manipulated benefit 
cost analyses, or violate the standards of safety 
expected for structures in the engineer's home 
country. Nor can engineers ignore responsibil
ity to refuse to participate in projects whose im
plementation depends on massive human 
rights violations and the destruction of the 
natural wealth that will sustain future genera
tions - as is now occurring at the Three Gorges 
Dam in China. 
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