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ABSTRACT

Brazil's Tucurui Dam provi des val uabl e | essons for inproving
deci si on-maki ng on maj or public works in Amazoni a and el sewhere.
Toget her with social inpacts, which were reviewed in a conmpani on
paper, the project's environnmental costs are substantial.
Monetary costs include costs of construction and mai nt enance, and
opportunity costs of natural resources (such as tinber) and of
t he noney invested by the Brazilian governnent. Environnental
costs include forest loss, leading to both |oss of natural
ecosystens and to greenhouse gas em ssions. Aquatic ecosystens
are heavily affected by the bl ockage of fish mgration and by
creation of anoxic environments. Decay of vegetation left in the
reservoir creates anoxic water that can corrode turbines, as well
as produci ng nmet hane and providing conditions for nethylation of
mercury. Defoliants were considered for renoving forest in the
submer gence area but plans were aborted amid a public
controversy. Another controversy surrounded inpacts of
defoliants used to prevent regrowth along the transm ssion |ine.
Mtigatory neasures included archaeol ogi cal and faunal sal vage
and creation of a "gene bank" on an island in the reservoir.
Deci si on-making in the case of Tucurui was virtually uninfluenced
by environmental studies, which were done concurrently wth
construction. The dam predates Brazil's 1986 requirenent of an
Envi ronnmental | npact Assessnment. Despite |imtations, research
results provide valuable information for future dans. Extensive
public-relations use of the research effort and of mtigatory
nmeasures such as faunal sal vage were evident. Decision-nmaking
was closely linked to the influence of construction firms, the
mlitary, and foreign financial interests in both the
construction project and the use of the resulting electrical
power (nost of which is used for alumnumsnelting). Social and
environmental costs received virtually no consideration when
deci sions were made, an outcone facilitated by a curtain of
secrecy surroundi ng many aspects of the project. Despite
i nprovenents in Brazil's system of environnental inpact
assessnent since the Tucurui reservoir was filled in 1984, nany
essential features of the decision-making systemremain
unchanged.



| NTRODUCTI ON:  THE TUCURUI DAM

The current paper will review environnmental inpacts of
Brazil's Tucurui Dam the nitigation neasures that were and were
not taken, how the environnmental studies were carried out and
reported, and the role that these considerations played (or
failed to play) in the decision-nmaking process. Gven Brazil's
anbitious plans for hydroel ectric devel opnment in Amazonia, mnuch
use coul d be nade of the | essons from Tucurui--Amazoni a's nost
power ful existing dam (Figure 1).

[ Figure 1 here]

The present paper is intended to serve as a conplenent to a
conpani on paper addressing the social inpacts of the Tucurui Dam
(Fearnside 1999). The conpani on paper covered inpacts on
i ndi genous people, resettlenment of displaced popul ation, |oss of
fish and other resources to downstreamresidents, and health
probl enms such as nmal aria, a plague of Mansonia nosquitos, and
accurnul ation of mercury in fish in the reservoir and in the
peopl e who eat them It also explains how the subsidized
al um num i ndustry that consumes two-thirds of Tucurui's power
distorts the entire Brazilian energy econony and | eads to
tremendous inpacts as other dans (such as Balbina) are built to
supply power to cities that could have been supplied by Tucurui
had the out put of Tucurui not been conmitted beforehand to
suppl yi ng the alumi num snelters at Barcarena and Sao Luis.

Enpl oynment generation is mnimal in the alum numindustry.

Brazilian Amazonia currently has four hydroel ectric dans

considered "large" (3 10 negawatts [ MA installed capacity):
Curua-Una, Para (72 knf, 40 MW closed in 1977), Tucurui, Para
(2430 knf, currently 4000 M\ closed in 1984), Bal bina, Amazonas
(2360 knf, 250 MW closed in 1987), and Sanmuel, Rondénia (645 knf,
217 MV closed in 1988). A total of 79 dans are planned,
totalling 100,000 knf (Brazil, Eletrobras 1987, p. 150, see
Fearnsi de 1995a), or about 3% of Brazil's Amazon forest.

Tucurui was built on the Tocantins River in the state of
Para at angropitious site for energy generation (Figure 2). The
758, 000- knt catchnment area above the dam site provides an annual
mean streanfl ow averagi ng 11, 107 ni/s (range 6, 068-18, 884 ni/s),
with a vertical drop of 60.8 mat the normal pool level of 72 m
above nean sea level (nsl) (Brazil, Eletronorte 1989, pp. 46, 51,
64). This contrasts with the situation at Bal bina, where a snal
catchnent and flat topography result in a reservoir of simlar
size as Tucurui, but with a damthat generates nuch | ess power.
Wi |l e the Bal bi na experience al so contains many | essons for
Brazil's future hydroel ectric devel opnent (Fearnside 1989a),
El etronorte officials often (unwi sely) dism ss these as



irrelevant on the grounds that Bal bina is so fraught w th obvious
faults that it is an aberration that will never be repeated due

t o subsequent inprovenents in considering the environment in

deci si on-nmaki ng. 'Y  Tucurui, unlike Bal bina, has al ways been

whol eheartedly defended by Eletronorte as an exanpl e of

successful hydroel ectric devel opnent in the Amazon.

[ Figure 2 here]

A second phase of the Tucurui project, known as Tucurui-I1I,
is now beginning. This is one of the highest priorities in the
federal governnment's "Brazil in Action" program
(http://ww. brazil-in-action.gov.br). Tucurui-Il is currently
expected to raise installed capacity to 8400 MVWand to be
conpl eted by 2002 (Indriunas 1998).

MONETARY COSTS OF TUCURUI
Construction Costs

Oficial estimates of the cost of Tucurui-l rose from
US$ 2.6 billion to US$ 5.1 billion as the damand its plans
evol ved, mainly as a result of delays and changes in design and
materials (Brazil, Eletronorte 1989, p. 423). These estinmates
are expressed in 1986 dollars and include interest paid during
the construction period (but not thereafter). Lacio Flavio Pinto
cal cul ated a cost (as of 1991) of US$ 8 billion (including the
full interest on the debt) for the present 4000 MW (Tucurui-1)
dam or US$ 2000/ kW of installed capacity. The cost of Tucurui-
Il is expected to be US$ 1.25 billion (Indriunas 1998).

Mai nt enance Costs

The water in the Tucurui reservoir has an average residence
time of 51 days (Brazil, Eletronorte 1988, p. 124). The edges of
the reservoir, however, have residence tines nuch |onger than the
nmean. The Carai pé branch of the reservoir is fed by a smal
stream and is connected to the main body of the reservoir by a
narrow nouth (Figure 2c, Figure 3). This 27,000-ha branch of the
reservoir has a turnover tine of seven years (J. Revilla Cardenas
per sonal conmmuni cation 1991). A portion of the bottom of the
Car ai pé branch was bul | dozed prior to filling in an effort to
m ni m ze bi omass deconposition. Slow turnover neans that the
deconposi ng vegetation produces acids that can cause corrosion of
t he turbines (see Fearnside 1989a).

[ Figure 3 here]

The head of Eletronorte's G vil Engineering Departnent at
Tucurui says that no corrosion of the turbines thensel ves has
occurred, and that no turbines have been renoved or replaced
(Paul o Edgar Dias Al neida personal communi cation 1991). There



has been sone cavitation of the turbine steel, which is described
as a normal event, and which has been repaired by soldering with
silver. Turbines are not the only equi pnment through which the
acid water fromthe reservoir nust pass, and sone of the other

pi eces of equi pnment have suffered corrosion. Small pipes (5-8 cm
di aneter) have sonetines been bl ocked by cal ci um deposits caused
by reaction of the water with the cenent. The deposits are
removed by the Civil Engineering Departnment's nmaintenance crews.

Anot her problem that has been reported is interference by
sunken and rolling logs, affecting auxiliary structures and
navi gati on (Monosowski 1990, p. 32). No information is avail able
on the severity or duration of this problem

Qpportunity Costs

Part of the cost of the decision to build Tucurui is not the
noney spent on construction, but what could otherw se have been
done with the | and, | abor and noney devoted to the project. One
obvious loss is the 13-14 X 10° nmi of tinber that were subnerged
(Monosowski 1990, p. 32). A nodest portion of this tinber has
been recuperated by | oggi ng subnerged portions of the trunks of
val uabl e speci es using an underwater chainsaw (e.g., Brazil,

El etronorte 1992).

Tinmber is not the only value of the forest |lost to flooding.

Non-ti nmber uses of the forest also have value. Brazilnuts
(Bertholletia excelsa) were conmon in the subnmergence area. Many
non-ti nmber forest products are not yet exploited conmmercially;
the uses of many potentially inportant products are not even
known yet. Loss of forest inplies both | oss of the stock of
potential uses and the value of biodiversity independent of
utilitarian calculations. Qur poorly developed ability to place
a value on loss of tropical forest does not dimnish the reality
of these | osses, although it does effectively exclude them from
consideration in alnost all decision-making on projects |eading
to forest destruction.

O her resources in the subnmergence area are al so | ost,
including mnerals. The area contained sone di anonds that were
being exploited prior to filling the reservoir (Junk and de Mello
1987, p. 371).

Money spent on the dam al so has an opportunity cost. If
governnent funds had not been spent on Tucurui, they coul d have
been used for health, education, or investnent in productive
activities that provide nore enploynent for the |ocal popul ation
t han does the alum num snelting powered by the dam The sane
opportunity cost that applies to noney also applies to use of
energy fromthe dam virtually any use of power other than
al um num snel ting providing nuch nore benefit to the Brazilian



peopl e (see Fearnsi de 1999).

Despite recommendati ons that 85% of the vegetation be
renoved fromthe area to be flooded, Eletronorte adopted a plan
to clear only 30% (A Provincia do Para 15 June 1982, MnosowsKki
1986). Sel ective |ogging of valuable tinber received higher
priority, although this was carried out in only a small part of
the area as a conbined result of various problens. Valuable
species were present at |ower densities than originally foreseen:
the initial estimate of 20 X 10° mi (Brasil Florestal 1979) fel
by degrees to 11 X 10° ni and then to 6 X 10° mi (Pereira 1982).
The CAPEM (Caixa de Peculio dos Mlitares) military pension fund
that held the | oggi ng concession was conpl etely inexperienced in
| oggi ng operations; anong other problens, equipnent ordered in a
US$ 100 mllion contract with a French firm (Mison Lazard
Freéres) proved to be inappropriate and the contract was cancel ed
(Pereira 1982). The short tine available before filling the
reservoir contributed to rendering the |ogging plans inviable,
but the five years that el apsed between the sel ection of CAPEM
in 1979 (Jornal do Brasil 10 July 1979) and the closing of the
dam shoul d have al |l owed nmuch nore wood to be renoved (however,
the original construction schedule called for conpleting the dam
by 1982). After beginning the |ogging operation, CAPEM invited
the Jari Project to join it in the venture. Jari sent its
sawm || managers, who were shocked by the technical inconpetence
of the CAPEM staff and opted not to join the schene (Jari
sawm || staff personal conmuni cation 1983).

CAPEM went bankrupt in 1983 am d a financial scandal (A
Critica 4 February 1983) after clearing only 0.5% of the
submergence area, and only 10%of the area it was contracted to
cl ear (Barham and Caufield 1984). An additional area adjacent to
the dam was cleared by Eletronorte; assumng all of this
"critical" 100-knf area was actually cut, the cleared total would
be 5% of the reservoir (see Monosowski 1986). Eletronorte has
al so clained to have cl eared 330 knf (Brazil, Eletronorte 1992)
and 400 knf (Brazil, Eletronorte 1985, errata sheet correcting p.
9).

In addition to wood for tinber, wood was al so expected to be

renoved for charcoal. Initially, 11 X 10° nmi of wood for charcoa
was expected to be extracted prior to flooding (Brasil Florestal
1979). Virtually none was extracted. Five years after filling

the reservoir four mgjor sawmlls and a Eng-iron snelter in

Mar ab4 agreed to harvest fromthe 6 X 10 of usabl e commrerci al
wood estimated to be present in the reservoir (Chiaretti 1990).
The scrap woul d be used for charcoal for pig-iron manufacture.
Apparently very little of this was actually harvest ed.

ENVI RONMENTAL COSTS
Forest Loss



Loss of natural ecosystens. The area of the reservoir's water
surface with the water level at 72 m above nsl is officially 2430
knf (Brazil, Eletronorte nd [1987], pp. 24-25). Measurement from
1989 LANDSAT i mages indicates 2247 knf of water (Fearnside

1995a). The sane study estimates the riverbed area in the
reservoir at 321 knf based on a reservoir length of 170 km (Juras
1988) and an average wi dth of 1891 m neasured from 1: 250, 000-
scal e side-1o0oking airborne radar (SLAR) inmages produced by the
RADAMBRASI L project (Brazil, Projeto RADAMBRASIL 1981). Previous
def orestation 2¥ farmers and ranchers in the subnergence area
totalled 143 km (Brazil, Eletronorte 1992, p. 21). The forest
lost to flooding or to the small anmount of clearing done by
Eletroggrte prior to filling was therefore 2247 - 321 - 143 =
1783 km.

The succession of estimates of the area of the Tucurui
reservoir represents an unfortunate pattern in Amazoni an dans,
with areas actually flooded greatly exceeding the areas esti mated

at the time that decisions are made on dam construction. The
viability study for Tucurui-l estimated the reservoir area at
only 1630 knf (Brazil, Eletronorte 1974, p. 1-6). The 2247-knf
area from LANDSAT (Fearnside 1995a) is 38%greater. Planning of
hydroel ectric dans passes through a sequence of stages,

denom nated "inventory" (conpleted in 1975 for the Tocanti ns-
Araguai a basin), "viability" (conpleted in Decenber 1974), "basic
proposal” (conmpleted in June 1975), and "executive proposal."” In
the first two phases, Tucurui was expected to have a normal poo

| evel of 70 m above nsl, which was raised to 72 min the fina
two design phases. The area increased from 1630 knf in the first
two phases to 2160 knf in the basic proposal and 2430 knf in the
executive proposal (Brazil, Eletronorte 1989, p. 25). 1In
addition to the area directly flooded by the reservoir, an
estimated 1800 islands totalling 3500 knf are present at the 72-m
water |evel (Brazil, Eletronorte 1988, Section 2.1, p. 1).

The areas given above refer to the reservoir at the |evel
for Tucurui-I, 72 mabove nsl. The original plan for the
Tucurui-I1 project called for raising the water level to 74 m
above nsl (Brazil, Eletronorte 1989, p. 25). The area would
i ncrease from 2430 knf to 2635 knf at 74 m (Brazil, Eletronorte
1989, p. 243). Topographic maps prepared for estimating the
areas that were to be flooded during the initial phase were very
unreliable, and a nunber of areas were fl ooded by Tucurui-I that
wer e mapped as bei ng above the 72-m mark (forcing a substantia
nunber of farmers to be relocated a second tinme or to remain wth
part of their |land underwater). In the case of the present
(Tucurui-1) inmpoundment, the net effect of mistakes in the
tggographic map was to increase the reservoir size by over 300
kmi, al though sone areas that were expected to be subnerged
remai ned above the water line. Eletronorte officials have



reportedly recogni zed that raising the water above the present
72-m | evel would be politically inpractical due to popul ation

di spl acenent effects, and are planning to operate the Tucurui-II
configuration without further increasing the water |evel (John
Denys Cadman personal conmuni cation 1996) (Note: affiliations of
all cited individuals are given in the Appendi x). The | ower
amount of water storage in the Tucurui reservoir would presumably
be conpensated by greater regulation of the river flow by
upstream dans.

It should be renenbered that the unfortunate precedent has
al ready been set at Bal bina of Eletronorte filling reservoirs to
| evel s above those previously announced in operational plans.
Bal bi na was to be operated at a water |evel of 46 m above nsl
(Brazil, Eletronorte 1987, Neumann 1987), but Eletronorte instead
filled the damdirectly to the 50-m mark, and even reached 50.2 m
before the floodgates were opened (Fearnside 1989a).

Whet her or not nore area is flooded at Tucurui proper, the
Tucurui-I11 schene would require regulating the flow of the
Tocantins River by building the Santa |sabel Dam on the Araguai a
River, the first mgjor tributary upstream of Tucurui (Paul o Edgar
D as Al nei da personal conmunication 1991). The inpacts of this
nmust therefore be considered in evaluating the Tucurui-II
pr oposal .

Tucurui-I11 has been presented by Eletronorte as a nere
continuation of a construction project already underway prior to
the 23 January 1986 requirenment for environnental inpact
statements (RIMAs). On 15 June 1998, during a visit to Tucurui,
Presi dent Fernando Henrique Cardoso signed the order rel easing
funds for Tucurui-Il (Indriunas 1998), without an environment al
i npact study. Only 21 days before the order was signed, an
El etronorte Environnment Departnment representative stated publicly
that an environnental study was underway but not yet conpleted
(Andrea Figueiredo public statenent 25 May 1998).

The | oss of forest caused by Tucurui is not limted to the
area flooded. Deforestation is also done by persons resettled
from the subnergence area, plus others who are drawn to the area
because of its roads, market and off-farm enpl oynent
opportunities (Schm nk and Wod 1992). Mich of the reservoir
shoreline has already been deforested. Deforestation by
di spl aced persons has been greater than it otherw se woul d have
been in the case of Tucurui because a pl ague of Mnsoni a
nosqui t os caused much of the resettled population in the deba
Parakand to relocate to a new settl enment area al ong | oggi ng roads
built by mahogany cutters |inking the Transamazon H ghway with
t he town of Tucung.

G eenhouse gas enissions. One of the inpacts of hydroelectric




dans in Amazonia is em ssion of greenhouse gases such as carbon
di oxi de (CO) and nethane (CH,). Hydropower is often pronoted by
government authorities as a "clean" source of energy, in contrast
to fossil fuels (e.g., de Souza 1996). Wiile fossil fuel
contributions to global warmng are well known, hydroelectric
dans are not free of inpact. The ratio of inpact to benefit

vari es trenmendously anong dans dependi ng on their power output--
Tucurui has a nuch nore favorabl e bal ance than does, for exanple,
Bal bi na (Fearnside 1995a, 1996, Rosa and others 1996a). Tucurui-
| has 1.63 watts (W of installed capacity per nf of reservoir
surface, whereas El etrobréas has cal cul ated the average power
density for the entire hydroelectric potential of the Amazon
Region (i.e., the 2010 Plan list) to be only 1 Wnf (Rosa and
others 1996b, p. 6). The equivalent figure for the 5537 knf of
water surface in the four existing | arge dans (whose total
installed capacity is 4490 MY is 0.81 Wnf, or only half the
power density of Tucurui.

Greenhouse gas enissions fromthe Tucurui reservoir for a
single year (1990) have been estimated (Fearnside 1995a). This
anal ysis was subsequently extended froma single year to conpute
t he ambunt and timng of em ssions over a 100-year tinme period,
whi ch coul d then be conpared to the em ssions that would be
produced by generating the sane anount of energy fromfossil
fuels (Fearnside 1997). Factors considered included the initia
stock and distribution of carbon, decay rates and pat hways
(l eading to carbon dioxide and net hane), and | osses of power in
transm ssion lines. Factors not considered included forest
degradation on islands and reservoir shores, nitrous oxide
sources in drawdown zones and transm ssion |ines, additional
nmet hane em ssi on pat hways for release fromstanding trees, water
passi ng through the turbines, etc. Construction-phase em ssions
were al so not included, nor were em ssions from deforestation by
peopl e di splaced by (and attracted to) the project.

Hydroel ectric power generation produces a | arge pul se of
carbon dioxide emssions in the first years after filling the
reservoir while thermal generation produces a constant flux of
gases in proportion to the power generated. The average carbon
di oxi de nolecul e in the atnospheric load contributed by Tucurui
enters the atnosphere 15 years earlier than the average nol ecul e
in the conparable |oad fromfossil fuel generation (Fearnside
1997). This neans that, considering a 100-year tine horizon, a
ton of CO emitted by Tucurui has nore gl obal warmi ng inmpact than
aton emtted by fossil fuel, whether or not discounting is
applied to greenhouse gases. |If discounting is applied, then the
relative inpact of the hydroelectric option is increased. Wth
zero discount Tucurui is 4.5 tinmes better than fossil fuel
generation (considering only the reservoir, as expl ained above).

At | ow annual discount rates (1-2% the attractiveness of
Tucurui, although I ess than w thout discounting, is still 3-4



times better than fossil fuel generation. |If the discount rate
reaches 15% the situation is reversed, and fossil fuel
generati on becones nore attractive froma gl obal warm ng
perspective. It is still undecided whether a discount rate
greater than zero (or any alternative neans of weighting for tine
preference) will be adopted in global warm ng mtigation under
the Kyoto Protocol to the United Nations Framework Convention on
Climate Change. A decision is likely at the Sixth Conference of
the Parties at the end of 2000.

Most of the global warmi ng inpact in the above cal cul ati ons
cones from CO rel eased by aerial deconposition of wood: in 1990
CO, contributed 83% and CH, 17% considering the gl obal warm ng
potential of 21 for CH, for the inpact of a ton of this gas
relative to a ton of CO currently used by the |ntergovernnenta
Panel on Cimte Change (1 PCC) (Schinel and others 1996, p. 121).

In the above anal ysis, nmethane em ssions were assuned to be
relatively constant over the tinme horizon, and were based on
publ i shed data from floodplain (varzea) | akes (see Fearnside
1995a, p. 15). Recent studies in other reservoirs indicate a
| arge peak in nethane em ssions in the first years after filling,
foll owed by a decline (Duchem n and others nd).

A revised estimate of em ssions from Tucurui (Fearnside nd)
uses net hane em ssion data reported by Rosa and others (1996b, c,
1997) and areas covered by floating weeds based on 1988 LANDSAT
imagery interpreted by Novo and Tundisi (1994). The area of
weeds is greater in the early years of reservoir formation
contributing to a greater pulse of nmethane em ssions during these
years and to increased inpact of hydroel ectric generation
relative to fossil fuels when discounting is applied to em ssions
i mpacts.

A large area of the reservoir bottomis seasonally exposed
(Figure 4). Considering the 58 m above nsl m ni mum operating
| evel for Tucurui-I (Brazil, Eletronorte 1989, p. 64), this area
occupi es 858 knf (Fearnside 1995a, p. 13). Wen flooded, the
drawdown area has ideal conditions for generation of nethane, as
well as for nethylation of mercury in the soil. |In the Sanuel
reservoir, for exanple, areas like this released 15.3 g C/ nf/ year
as CH, through bubbling when seasonally flooded, as conpared to
7.2 g C/ nf/year anong standing dead trees in permanently fl ooded
areas and only 0.00027 g C/ nf/year in the main channel (Rosa and
ot hers 1996c¢, p. 150).

[ Figure 4 here]

Appr oxi mat e eni ssions through bubbling of CH from Tucurui
can be cal cul ated assum ng that the area covered by water weeds
t hrough the annual cycle follows the assunptions of Novo and
Tundi si (1994). These em ssions in 1990 are estimated as fol |l ows
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for each habitat (in 10°t gas): river channel: 0.002, other open
water without trees: 3.8, standing tree areas: 2.1, and water
weed beds: 2.0 (Fearnside nd).

Eni ssions fromdiffusion are assunmed to be 50 ng CH/ ni/ day,
based on a personal conmuni cation by Evlyn Mdraes Novo to E.
Duchem n (Duchem n and others nd) for the em ssion through this
pat hway at Tucurui when the reservoir was 10 years old; this
value is identical to a neasurenent at Curud-Una at age 21 years
(Duchenln and others nd). Em ssion fromdiffusion totals 39.9 X
10° t CH,

Recently avail able information all ows nethane em ssions from
water that is released through the turbines to be cal cul at ed,
substantially increasing the reliability of em ssions estinates.

It also increases the total em ssion of this gas as conpared to
earlier em ssions estimtes (Fearnside 1995, 1997), which
i ncl uded net hane from deconposition of subnerged forest, for
whi ch the assunptions used now appear to have been conservative.
Based on the anmount of water needed to generate the 18.03 Twh of
electricity Tucurui produced in 1991 (Brazil, Eletronorte 1992,
p. 3), and a 6 ng/liter methane concentration at 30-m depth (Rosa
and others 1997, p. 43), one can cal cul ate the anmount of nethane
exported fron1the reservoir through the turbines in 1991 was
0.673 X 10° t.

The fate of the nmethane in water passing through the
turbi nes can be estimted based on data fromthe Petit Saut Dam
in French Guiana (Gl y-Lacaux and others 1997). Based on these
data, the 1991 release from wat er pa35|ng t hr ough the turbines
totalled 0.602 X 10° t CH, (0.586 X 10° t at the turbines and
0.016 X 10° t in the rlver) The total nethane rel eased from
wat er passing through the turbines is 13 tinmes the total rel ease
from bubbling and diffusion in the reservoir itself.

I n sunmary, methane em ssions at Tucurui in 1990 (assuned to
be the sane as reservoir em ssions in 1988 and turbined water
em ssions in 1991) were as follows, in 10°t CH;: 0.0078 from
bubbl i ng, 0.0399 fromdiffusion, and 0.6024 fromthe turbines,
totalling 0.6501. Considering a gl obal war m ng potentlal of 21,
this is equivalent to 13.7 X 10°t of CO, gas or 3.7 X 10° t of
CO- eqU|vaIent carbon. Em ssions of CO in 1990 were estimted at
9.45 X 10° t of CO gas, or 2.6 X 10° t of carbon. The
contribution of methane therefore represented 59% of the total
greenhouse gas inpact of 6.3 X 10°t of CO- equi val ent carbon in
1990. This significantly changes preV|ous estimates for 1990
(Fearnside 1995), in which CO contributed 83% and CH, 17% The
revised estimate indicates | ower nethane em ssions fromthe
reservoir itself (mainly due to |l ower values for em ssion from
floati ng weeds per nf). However, the revised estimte indicates
total em ssions of CO- equivalent carbon that are double the
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previ ous estimate when net hane from water passing through the
turbines is included.

Sedi nent ati on

Sedi nentation represents a potential |ong-term problemfor
operation of the dam w th inplications for hydroelectric
devel opment decisions in the Tocantins/Araguai a basin and for the
i npacts of these decisions. Eletronorte (1988, pp. 126-127,
1989, p. 55) calculated that it would take at | east 400 years for
sedinents at the damface to reach a | evel of 23 m above nsl,
where they woul d begin to cause abrasion of the turbines. This
was based on average sedinment |load in the upper Tocantins R ver
of 89 nmg/l (437,332 t/day) and 77 ng/l in the Araguaia Ri ver
(188, 945 t/day), which would occupy a volume of 332.0 X 10°
m/year. The sedinent data are from 1975 (at the town of
Tucurui), 1979 (at Jacunda and |tupiranga) and 1982 (at
| tupi ranga), or prior to any significant deforestation in the
wat ershed (Brazil, Eletronorte 1988, p. 126). The situation is
now conpl etely changed, with a substantial portion already
cleared and the area standing out as Amazoni a's nost inportant
deforestation hotspot (cf. Brazil, |INPE 1999).

Def orestation can easily increase the rate of soil erosion
by an order of magnitude on the scale of individual fields
(Fearnsi de 1980, 1989b). Al though erosion rates cannot be
extrapolated directly fromfields to river basins, the increase
is sufficient to make sedinentation a significant worry. A ten-
fold increase in erosion would reduce the dams useful life from
400 to 40 years. Sedinentation begins in the upper reaches of a
reservoir, where the volunme occupied reduces the reservoir’s live
storage | ong before sedinment accunul ati on near the dam approaches
the intakes for the turbines. Loss of |ive storage reduces power
generation during |lowflow periods. As Eletronorte (1989, p. 55)
poi nts out, sedinentation cal culations do not include the effects
of additional danms upstream which would increase the lifetine of
Tucurui by capturing sedi ments before they reach the Tucurui
reservoir. However, transferring part of the inpact of erosion
to upstream dans does not solve the problem the storage

capacities and useful lives of the upstream dans woul d al so be
reduced by these sedinents, resulting in |ost power generation at
both the upstream danms and Tucurui. The role of upstreamdans in

reduci ng sedi mentation at Tucurui also adds to the notivation for
bui | di ng these danms, the environnental and social inpacts of
which will therefore be partly attributable to Tucurui.

Aquati c Ecosystens
Closing the Tucurui Damradically altered the aquatic

envi ronment both above and bel ow the dam Prior to closing the
dam the Tocantins Ri ver supported a high diversity of fish. The
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National Institute for Research in the Amazon (I NPA) identified
over 350 fish species at Tucurui; this high diversity poses
problenms different fromthose at other tropical |ocations where
| arge dans have been built, as in African dans where typically
only about 80 species are present (Leite and Bittencourt 1991).

Water quality in the reservoir is a major problem Because
of vegetation deconposing in the inpoundnent, both fromremins
of the forest left uncut when the | ake was filled and from
aquatic weeds that proliferated on the surface, the water becones
acid and anoxic (Garzon 1984), which renders the water unsuitable
for many fish species.

No fish | adder was built at Tucurui. This possibility was
briefly considered while the dam was under construction but was
di scarded both due to cost and to uncertainty about its potentia
effecti veness.

The diversity of fish species in the inpoundnent declined
drastically, with the communities becom ng dom nated by a few
species (Leite and Bittencourt 1991). The changes i n abundance
of fish species resulted in a radical alteration of the relative
abundance of fish in the different trophic levels. VWhile primary
consuners had been nost abundant, the popul ati on of predators
expl oded i medi ately after closing: in the first year piranhas
(Serrasal nus spp.) made up 40-70% of fish caught in experinenta
sanpl i ng done by INPA (Leite and Bittencourt 1991). The
dom nance of predators was maintained during the three first
years, although sonme primary and secondary consuners were able to
make a partial recovery. The biomass of fish present fluctuated
wildly inthe first three years (the period for which nonitoring
data are available): by January 1986 fish biomass had increased
to a |l evel above that present prior to closing, followed by a
crash in the third year. This is probably due to the predatory
fish that made up nmuch of the biomass starving for |ack of prey,
but conclusions are conplicated by the increasing transparency of
the water rendering the experinmental nets nore visible to the
fish (Leite and Bittencourt 1991).

Commercial fishing was prohibited in the reservoir until the
end of 1985. During 1986 the commercial catch clinbed rapidly,
at the same tine that fish biomass present in the reservoir was
declining (as indicated by experinental netting) (Leite and
Bittencourt 1991). The predator tucunaré (Cchla ocellaris and
C. tenensis) made up over 50% of the commercial catch in 1986.
In 1987 the catch per unit effort began to decline. Sharp
declines in tucunaré catches have al so occurred at other
reservoirs, such as Bal bina.

Based on water fertility estimates and data on primary and
secondary production in natural waters in Amazonia, Junk and de
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Mello (1987, p. 377) calculated that Tucurui shoul d produce about
40 kg per ha per year of fish, and concluded that "consequently,
the contribution of Amazoni an reservoirs to supplying the

popul ation with protein will only be of |ocal inportance.” Fish
production in the reservoir has indeed proved to be nodest,

al t hough it has been enough to supply sone fish to Belém Fish
producti on downstream of Tucurui was deci mated by the dam due
both to the poor quality of water passing through the turbines
and to bl ocked fish mgration (de Carval ho and de Merona 1986,
Odi netz-Col l art 1987, see Fearnside 1999).” In Caneta,
downstream of the dam freshwater shrinp harvest fell from 179 t
in 1981 to 62 t in 1988, while fish landings fell from 4726 in
1985 to 831 in 1987 (Odinetz-Collart 1993, pp. 161-163).

El etronorte's official history of Tucurui describes the effect on
fisheries as follows: "Fromnonitoring of the effects on the

i cht hyof auna caused by damm ng the Tocantins River, it was

concl uded that upstreamthe situation was satisfactory in the
first two years of operation of the power plant [1985-

1986] . ..downstream the conditions were a little |ess
satisfactory..." (Brazil, Eletronorte 1989, p. 436(e.g. Al per
1994).

Defoliants

The use of defoliants has been a source of persistent
controversy surroundi ng Tucurui. CAPEM was accused of "secretly
using defoliants to clear the forest” (Barham and Caufield 1984).

CAPEM reportedly stockpiled barrels of defoliants for use in
this task, which were then hidden in the forest near the
conpany's canp and later flooded by the reservoir. CAPEM denied
these allegations, as did Eletronorte (e.g., Brazil, Eletronorte
nd [1984]). The closest that this author was able to cone to
confirmng this story was one person at Tucurui who stated
enphatically that, on separate occasions, two | aborers who had
wor ked for CAPEM told himthat they had hel ped to hide barrels
of poison in the forest before a governnent inspection. An
i nspection of the canp area in June 1983 by Eletronorte and
acconpanyi ng consultants found 373 barrels, "alnost all of them
enpty" (Brazil, Eletronorte nd [c.1984], p. 3). The consultants
added that they saw "no desertification or devastation of plant
speci es" (Brazil, Eletronorte nd [c.1984], p. 2). The herbicides
found ([(3,5,6-trichloro-2-pyridinyl)oxy]acetic acid [Triclopyr],
2, 4-di chl orophenoxyaceticacid [2,4-D] and pentachl or ophenol
[ Tordon- 101 BR]) were being injected into the trunks of girdled
Brazilnut trees, rather than being sprayed fromairplanes. One
nonth after flooding the reservoir, Eletronorte hired additiona
consultants to sanple and anal yze water from over the site where
the CAPEM canp had been. No herbicides were found in the water
anal yzed, although this can hardly be taken as proof that barrels
do not exist on the bottom of the reservoir.
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The question of herbicides was one of the nost pol em cal
i ssues surrounding Tucurui as the time for filling the reservoir
approached. One report even clainmed that 7000 peopl e had been
killed in a genocidal test of poisons carried out on behalf of
the Pentagon (the US mlitary headquarters near Washi ngton, DC)
in the area to be flooded by Tucurui (Perez 1985). Newspapers in
Bel ém cl ai ned that Agent Orange (the defoliant used by the US
mlitary in Vietnam) could even be carried down the Tocantins
Ri ver and contam nate Bel ém (O Li beral 3 April 1984). Soon after
the reservoir had begun to fill, an essay published in a Bel ém
newspaper chided critics and inplied that these exaggerations
about herbicides invalidated all environmental concerns regarding
Tucurui (Bemerguy 1984). Eletronorte reproduced the essay wi dely
in leaflets, posters and other publicity.

A second controversy involving herbicides was a research
proposal drafted in 1982 by the director's office of the Nationa
Institute for Research in the Amazon (I NPA), at the request of
El etronorte, for a test of herbicides (Tordon-101 and Tor don- 155,
which contain 2,4-D and 2,4,5-T [(2,4,5-trichl orophenoxy)acetic
acid], respectively) with a viewto evaluating their potentia
usefulness in clearing the forest in the subnergence area through
aerial spraying. The existence of the proposal was denounced to
the press by Paul o Nogueira Neto, head of the Special Secretari at
for the Environnment (SEMA, |ater nmerged with other agencies to
formIBAMA: the Brazilian Institute for Environment and Renewabl e
Nat ural Resources) (Caufield 1983, p. 64, Sun 1982). The
proposed herbicide test did not go ahead as a result of public
outcry (Sun 1982). Eletronorte was ordered not to pursue its
pl ans for using herbicides by Mnister of the Interior Mario
Andreazza (Sun 1982). Although Brazil was not yet a denocracy in
1982, Andreazza was preparing to |aunch his presidenti al
candi dacy for the 1984 electoral college; the defoliant
controversy represents one of the few instances where public
opi nion had a di scernable influence on decision-nmaking regarding
Tucur ui .

One of the sequel ae of the herbicide controversy illustrates
a fundamental problemw th the systemof consultant firns used to
address environnental problenms. A consulting firm(Structure
S.A ) was contracted to study the question of forest bionass
renoval , and recommended that at |east 85% of the biomass be
removed prior to filling the reservoir. The principal specialist
for the firm (Samuel Mirgel Blanco) was dism ssed when he sent a
letter to the governnent confirmng his opposition to using
defoliants on the forest in the reservoir area (Barros 1982).

A third controversy involving herbicides was their use in
mai ntai ning the transmssion line right-of-way free of woody
vegetation. |In 1984 Eletronorte contracted a conpany (Consorcio
ENGEVI X/ Cet enco) whose subcontractor (AGROVAX) used Tordon-101
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BR, Tordon-155 and BANVEL-450 to kill dicotyl edonous plants under
the transm ssion line (Brazil, Eletronorte nd [1984]). Al though
Tordon- 101 BR (the main herbicide used) is frequently referred to
as Agent Orange, it is inmportant to renenber that the chem ca
sprayed in Vietnamin US mlitary operations contained higher
| evel s of contamination with dioxin than does commerci al Tordon
Dioxin is one of the nost deadly poisons to humans, causing
birth deformties anong ot her kinds of damage. \While Tordon is
frequently used in Amazoni an pastures w thout causing w despread
human deaths, it is toxic to humans and invariably is sold in
Brazil with stern (but sel dom heeded) warnings for caution. In
March 1982 the owner of a ranch (Fazenda |pé) |ocated on the
transm ssion |ine between Tail andi a and CGoi anési a request ed
conpensation fromEletronorte for six head of cattle that he
cl ai mred had been poi soned by herbicides. Eletronorte contracted
consultants to anal yze sanples of grass, soil and water in
puddl es, as well as the blood, bones and feces of selected
animals. No toxins were found, and the consultants di agnosed a
cowwth simlar synptons as suffering fromwrminfestation and
acut e phosphorus and zinc deficiencies (Brazil, Eletronorte nd
[c.1983]). In the laboratory (in Jaboticabal, Sao Paul o) "high"
doses of Tordon were fed to a sanple of rats, rabbits and cattle
wi thout resulting in death. The |ethal dose at which 50%die
(LD,) for rats, mce and rabbits is 3.75, 1.5 and 2.0 g/ kg of
body wei ght, respectively (Merck Index 1983, p. 7287).

The 1982 transm ssion |ine poisoning incident has been
clainmed to have taken the lives of human victins as well as
cattle. Two new graveyards at "Inocéncio" (Vila Bom Jesus) and
"Jutuba" were hastily established to accommpdate the dead al ong
the 92-km stretch of the BR-150 Hi ghway from Tail &ndia to
CGoi anési a, according to a del egation of the Order of Attorneys of
Brazil (OAB) that visited the area two years later (OAB 1984).
The president of Eletronorte and the Mnister of Mnes and Energy
deni ed that any deaths had resulted from herbicide spraying (O
Li beral 7 February 1984).

M TI GATI NG MEASURES
Ar chaeol ogi cal Sal vage

As part of Eletronorte's efforts to mtigate the inpacts of
Tucurui, 24 archaeological sites were identified in the
subnergence area. Eletronorte collected 27,369 ceram c pieces
plus 4446 lithic pieces, which are housed at the Museu Paraense
Emilio Goeldi in Belém A charcoal sanple fromone of the sites
was dated as being from 70-1000 AD (Brazil, Eletronorte 1985, p.
28) .

Faunal Sal vage

El etronorte coll ected 284,000 ani mals, nostly nmanmal s and



16

reptiles, in the faunal sal vage operati on known as Operation
Curupira. This massive operation had over 600 direct

partici pants, dozens of boats, plus helicopters, radios, and
installations for sorting and quarantine of the aninals
collected. Gibel (1993) conpared the nunbers and bi omass of
collected mammal s with those found in studies of Amazoni an
forests in other |ocations, and concluded that only a smal
percentage of the mammual s were captured. Even those captured and
noved were not saved for long. One problemis the stressed and
debilitated state of the animals when rel eased. Another is that
rel ocated animals enter into conpetition with ani mal popul ati ons
already present in the area where they are released. |In the case
of Tucurui, the additional |ease on life given by being "saved"
by the Curupira Project in the 1984 was even nore epheneral: a
report of a 1986 field survey by Eletronorte indicates that al

of the nature reserves created for the rescued fauna had been

i nvaded by | oggers and hunters (Mnosowski 1990, p. 33).

The principal rationale for the faunal sal vage operation
appears to be its role in public relations. It is featured in
medi a coverage of the damin television reporting and in gl ossy
phot o- ori ent ed nmagazi nes.

Gene Bank

Creation of a gene bank was al so considered a mtigating
measure. This project, carried out by INPA planted specinens of
different tree species collected in the subnmergence area in 28
2.4-ha parcels on an island in the reservoir near the dam Only
a small part of one parcel received any nmaintenance. The
headquarters of the area served mainly as a picnic spot for high-
| evel enpl oyees fromthe El etronorte conmpound at Tucurui, and as
a stop for reception of visitors being shown environnent al
activities in the area.

DECI SI ON- MAKI NG
Envi ronnent al | npact Assessnent

The dam was built before 23 January 1986 when Brazil's
Nat i onal Council of the Environnment (CONAMA) established its
Resol ution no. 001 to operationalize Federal Law no. 6938 of 31
August 1981 by requiring environnmental inpact statenments (Rl MAs).

Conpi | ation of avail able environnental information (Goodl and
1978) was conm ssioned by Eletronorte. The Wrld Bank refused to
finance the dam constructi on because of environnental concerns
(Robert J. A Goodl and personal communi cation 1986). A nore
detail ed series of reports was conpiled by I NPA (under comm ssion
for Eletronorte) during the period when the dam was under
construction (Brazil, INPA/Eletronorte 1982-1984). Even the
earlier study (Goodland 1978) was only carried out in a one-nonth
field visit in Decenber 1976 after construction was underway:
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construction began on 24 Novenber 1975 and the river was diverted
on 6 Cctober 1976.

The scope of both environmental studies was very narrow,
confining thenselves to inmmedi ate effects of the dam Focus was
on environnental problens that m ght affect functioning of the
dam rather than trying to protect the environnment and the human
popul ation frominpacts that the dam m ght cause. No studies
wer e done on associated infrastructure, such as access roads and
transm ssion |ines.

Many itens studied were only included at the last mnute
under pressure of public opinion. For exanple, studies to assess
the possibility of salinization of the estuary and of Bel énis
wat er supply in the Guamd River were made only a few weeks before
t he Tucurui Dam was closed. Eletronorte undertook the studies
under strong pressure from public opinion, which was concerned
about closing the damin the period i medi ately before the | ow
wat er period at Bel ém (Monosowski 1990, p. 31).

The inpact studies never considered the "no-project option"
(Monosowski 1990, p. 30). This procedure guarantees that input
fromthe studies will be Iimted to assisting in the inplantation
of plans laid w thout consideration for environnmental and socia
i mpacts.

One unfortunate aspect of the environnmental studies at
Tucurui is its restriction of consideration to the initial phase
of a devel opnment plan that would have nuch greater inpacts than
those resulting fromthe first step alone. 1In this case,
Tucurui -1 would be followed by Tucurui-I1 and then by a chain of
ot her danms on the Tocantins/Araguaia river system The problem
of early projects, which in isolation nmay be beneficial, setting
in notion a chain of disasters in a basin devel opnent schene is a
common one in hydroel ectric devel opnent. The nost dramatic case
in point is Brazil's Xingu River, where one proposed dam (Bel o
Monte, formerly called Kararad) woul d make a series of upstream
dans attractive to regulate the river flow and increase the first
dami's output. The upstream dans, including the 6140-knf Altanira
Dam (formerly call ed Babaquara), would flood |arge areas of
i ndi genous | and and have nuch nore severe environnental inpacts
than the first damin the series (Santos and de Andrade 1990).
The Altamra (Babaquara) Damis listed in Brazil's current
decenni al plan for conpletion in 2013 (Brazil, Eletrobras 1998,
p. 148).

The Rol e of Research
The role of research in planning, authorizing and executing

maj or engi neering projects such as hydroelectric dans is a
critical matter if decision-making procedures are to evol ve that
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prevent m sadventures that now characterize so nuch of the

devel opment process in Amazonia. The public-relations focus of
many of the environment-related activities, such as the highly
publicized effort to rescue drowning wildlife, is a matter of

i ntense controversy. Research is used for simlar purposes: for
exanpl e during a public denonstration in Bel ém agai nst cl osing
the Tucurui Dam |leaflets (Figure 5) were dropped by helicopter
reassuring readers that INPA's research in the area guaranteed
that there would be no environmental problens (Brazil,

El etronorte nd. [1984]). The sanme claimwas nmade in a docunent
sent to the municipal government of Canetd, downstream of the dam
(Brazil, Eletronorte 1984). No such endorsenent had been given
either by INPA or by the individual researchers involved in the
study. Publication of results by the researchers was subject to
approval by Eletronorte, according to terns of the funding
contract. It is essential that both the studies thensel ves and
t heir subsequent dissem nation take place free of interference
from any source.

[ Figure 5 here]

A specific case in point is the prohibition by Eletronorte
of release of information at the Third Brazilian Congress of
Li mol ogy, held in Porto Alegre, Rio Gande do Sul in 1990 (Zero
Hora 27 July 1990). Eletronorte did not allowits researchers to
speak on the results of their work on environnmental inpacts at
Tucurui, according to statenents made at the congress by Evlyn
Moraes Novo, a senior researcher at Brazil's National Institute
for Space Research (I NPE) who works on satellite inmage
interpretation for the area.

Limtations on the flow of scientific information have
consi derably reduced the benefits that the experience at Tucurui
m ght have in inproving the planning of hydroelectric
devel opnents el sewhere. For exanple, in 1981 this author net one
of the people responsible for environnental studies at Guri Dam
in Venezuela, and naively invited the Venezuelans to visit | NPA
to learn nmore about the Tucurui research then underway. Wen a
del egati on from Venezuel a appeared at INPA a few nonths | ater
they had to | eave virtually enpty-handed because of Eletronorte
restrictions on divulging the information.

The connection of scientific research to devel opnent
projects is encouraging, but is not sufficient and does not enter
into the decision-making process at the tine needed to affect
either the basic structure or the existence of the projects in
guestion. The events at Tucurui offer a good exanpl e.

Ecol ogi sts are virtually never consulted before decisions are
taken to inplant | arge-scale projects such as this. Information
on environnental questions are only requested later, with the
[imted intention of suggesting ways of mnim zing environnental



19

damage caused by devel opnents al ready bei ng executed. Ecol ogists
are brought in to deal with the unpl easant task of mnim zing
envi ronment al nesses, rather than being considered as sources of
information basic to taking the initial decisions. This
"gunsl i nger approach” to ecology is unlikely to be effective in
assuring sustai nabl e devel opnment and preserving environnent al
quality.

It should be nmentioned that research carried out under
El etronorte contracts as part of environnental studies at
Tucurui, as at other Amazonian dans, was extrenmely inefficient as
a source of published scientific know edge. Enphasis was on
provi ding extensive lists of species and nmeasurenents rather than
answering specific scientific questions. Hypothesis-oriented
research was virtually absent. Providing the mass of data needed
for the reports was a nuch nore inportant objective than
produci ng published studies in the scientific l[iterature. In
addition, the financial stinulus of per diens offered to
participants fromresearch institutions in sanple-collecting
expeditions contributed to nmaintaining |arge nunbers of people
engaged in this activity for extended periods (particularly
techni cal support staff, for whomthe per diens represented a
significant portion of their earnings).” O course, the
stimulus of per diens only applied to collecting expeditions in
the field, not to subsequent analysis of material and data and
publication of results. The |legacy of this can still be seen in
row after row of shelves containing bottles of virtually
unanal yzed sanples in the INPA fish collection

Regardl ess of inefficiencies in the research program at
Tucurui, research is fundanmental to diagnosing potenti al
envi ronnment al inpacts and i nproving deci sion-nmaki ng. As conpared
to the vast mpjority of Brazil's Amazon region, the research
program at Tucurui resulted in one of the greatest concentrations
of know edge on biodiversity; unfortunately, very little link
exi sted between research results and mtigatory actions (Rosa and
ot hers 1996d). Construction of the Tucurui Dam sinultaneously
with the environnmental studies guaranteed that the maxi mum effect
that the findings could have woul d be to suggest m nor
nodi fications in procedures once the damwas already a fait
acconpli (see Fearnside 1985). Relegating research to a nerely
token role is an unfortunate tradition in Amazoni an devel opnent
pl anni ng ( Fearnsi de 1986).

The | nfl uence of Construction Firns

In testinony before the parlianmentary comm ssion of inquiry
(CPI') on hydroelectric dans held in the Para State Legislative
Assenbly in April 1991, Lucio Flavio Pinto described the
situation as foll ows:
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Policy on the construction of hydroel ectric danms and
energy policy in Brazil is a subsidiary of the
construction contractors [enpreiteiras]; it is the
contractors that decide. |In the case of Tucurui, for
exanple, there is a scandal. First, at the begi nning
of construction, as is very comon with dans, a
secondary contractor--which was Camargo Corréa- -
prepares the infrastructure for the entry of the
principal contractor, but when the secondary contractor
enters into a damproject in Brazil one already knows
that this will automatically be the principa
contractor because, when it [the secondary contractor]
does the initial work, it invests so much beyond the
val ue of the contract that no contractor, even if it
shoul d want to break through that informal arrangenent
[ esquena de acerto] [like the one] that becane public
with the revel ation of the North-South Railway scandal,
it won't be able to do it, because the other one has

al ready invested beyond what it should have invested on
account of governnment funds. So, Camargo Corréa, from
secondary contractor, becane i mediately the principal
contractor.

Lacio Flavio Pinto (1991a, Bloco 12, p. 2) pointed out the
associ ati on between the Tucurui contract and Sebasti do Canargo
(principal owner of the Camargo Corréa construction firm rising
to billionaire status. Forbes magazine attributes the sharp
increase in the nunber of billionaires in Latin Anerica to an
"extraordi nary wave of capitalist energy” in that region (Fol ha
de S0 Paulo 7 July 1992). In the case of Brazil, however, it is
probably not a coincidence that three of the country's five
billionaires in 1992 were owners of |arge construction firns that
contract for major public works in Amazoni a: Sebasti do Camargo
(Tucurui Danm), Andrade Gutierrez (Bal bina Dan) and Anténio Enirio
de Morais (G upo Votorantim North-South Railway).

Part of the explanation lies in the extraordinarily high
profitability of adm nistering subcontracts associated wth
construction projects. Lacio Flavio Pinto (1991a, Bloco 12, p.
2--Bloco 13, p. 1) states with reference to Tucurui:

Its [Camargo Corréa's] profit was US$ 500 million, and
this represents al nost 10% of the total cost of the
project, excluding the interest paid after
construction; this is because it had an adm nistrative
fee on everything it admnistrated in the project. It
was very conmon to arrive at Tucurui at night, for
exanple, and find work teanms tending a garden. |If a
gardener earned a m ni num wage, Camargo Corréa earned
2.9 tinmes what the gardener earned. If it build a
house, it earned 2.9 tines the value of the house. |If
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it paid the salary of a school teacher it earned tw ce
the salary of the teacher. That is why the salary of
one teacher in the project--the annual salary--
sonetines was as nuch as the funds in the

muni ci pality's education budget.

For a period of seven years, fromthe closing of the Tucurui
Damin 1984 until late 1991, Camargo Corréa nmai ntai ned a vast
parking lot filled with idle earthnoving machinery. This was
| ocated i nmedi ately adjacent to the dam and thus was readily
apparent to all visitors. Mich of the heavy equi pment was broken
and unserviceable. Eletronorte was neverthel ess paying rent on
t he parked machinery during all of this period according to
officials at the dam

An additional source of financial return is a netallic
silica plant |ocated near the town of Tucurui, with an annua
production of 32,000 t (Brazil, Eletronorte 1988, Vol. 1, p. 25).

The plant is a "preferential client" of the dam (Seva 1990, p.
23). Since Septenber 1988 Camargo Corréa Metais S. A has used
energy fromthe dam at subsidized rates (Corrente Continua Mrch
1989, p. 11). Camargo Corréa's subsidized rates will last until
2018 (Lobo 1989).

One way that construction contractors influence devel opnents
in ways that may not be in the best interests of the country is
in spreading out devel opnment over many river basins. Because the
present systemnmakes it likely the firmthat gets the contract
for the first damon a given river wll also get the contracts
for future danms on the same river, conpetition (which does not
necessarily take the formof lower bids) is fierce for the
initial contracts. Each construction firmwould |ike to stake
its claimto as many river basins as possible, rather than fully
devel opi ng one basin before noving on to the next. The behavi or
of the construction firns is sonmetines |ikened to mal e dogs
urinating on objects to mark their territories. This may be a
poor strategy for the country's hydroel ectric devel opnent, as the
transm ssion and ot her expenses are greater when dans are
di spersed, the advantages of one damregulating the water fl ow
for the next are lost, and the biological inpacts are increased
by bl ocking fish mgration in nore rivers.

The Influence of the Mlitary

The choice of CAPEM to do the logging is one of several
ways in which the devel opments at Tucurui have been associ at ed
with the National Information Service (SNI), a much-feared
i nternal espionage agency that maintained dossiers on thousands
of Brazilians during the mlitary dictatorship that governed the
country from 1964 to 1985. Lucio Flavio Pinto (1991a, Bloco 12,
pp. 1-2) described the relationship as follows in his testinony
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before the CPI:

A conpany [CAPEM ] was created three nonths before
taking the bids [for the | ogging concession]--1 speak
of CAPEM Agropecuéria--a conpany |linked to the SN
this because the head of the SNI, who was General
[ Cctavi o de] Medeiros, wanted to be the President of
the Republic. So using the wood was a business to
produce incone for the canpaign of General Medeiros.
The man who was manager of the project couldn't have
told a lettuce plant froman | pé [Tabebuia spp.] tree
CAPEM spent nuch nore noney buying things [than it
earned fromthe tinber]. The schene was so bad that it
qui ckly cracked ... [leaving a financial] hole that was
covered by the Brazilian governnment through the BNCC
[ Nati onal Bank of Cooperative Credit].

The Influence of Foreign Interests

~ Tucurui was constructed specifically to supply power to the
ALBRAS and ALUVAR al umi num snelters (Pinto 1991a). Lucio Flavio
Pinto (1991a, Bloco 2, p. 4, see also 1991b, p. 144) presented
the followng testinony to the CPI

The decision to build Tucurui was not made in Brazil;
inreality it was nade in Tokyo in a negotiation which,
at the time, the Brazilian Mnister of Mnes and

Ener gy, Shigiaki Ueki, carried out with a group of
conpani es fromthe Governnent of Japan. It was deci ded
in Tokyo because the Japanese consortium decided to

i mpl ant 40 km from Bel ém in Barcarena, what, at that
time, was the largest alumnummll in the world.

Part of the foreign influence canme from France, and the form
that this took is a subject about which only the nost indirect
suppositions are possible. Once again, the best source of
information is Lucio Flavio Pinto's testinony before the CPl in
Bel ém The informati on nust be taken seriously com ng from Llcio
FIl avio Pinto, who has a reputation for having correct information
on such matters. |Its presentation as part of testinony at a
parliamentary hearing further adds to its credibility. In his
book Amazébnia: A Fronteira do Caos, Pinto (1991b, p. 143)
descri bes the events as foll ows:

There are dramatic cases, such as the Tucurui Dam the
| argest public work in the history of Amazonia and one
of the largest in the history of Brazil. There the

| evel of indebtedness was 70% and it was not by chance
that the person who negotiated the | oan was [ Ant 6ni 0]
DelfimNetto [later Mnister of Planning while the dam
was under construction; also one of Sebastidao Canmargo's
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nost intimate friends (Marques 1994)], at the tine
Brazil's anbassador to France living in a golden exile
at the time of CGeneral [Ernesto] Geisel [Brazilian
dictator, 1973-1979]. So he negoti ated, and the person
who best told the story of how this negotiation took

pl ace was a journalist allied with the anbassador at
the tinme--Al exandre von Baungarten--who wote a novel
because he didn't have the courage to wite the real
thing as an essay. He wote a novel called Yell owake,
where he tells how the comm ssion was paid and how t he
| oan for Tucurui was negotiated in Paris.

Al exandre von Baungarten, who becanme fanous in association
with the CAPEM case (de’ Carli 1985), was nurdered, and Genera
Newton Cruz [former head of the National Information Service] was
tried as the perpetrator of the assassination that killed this
journalist. Von Baungarten's (1983) novel, published after his
death, "gives fictitious nanes to real facts that he w tnessed,
since he had a great deal of contact with the governnent security
agenci es; he says that this anbassador received a bribe to
negotiate the debt" (Pinto 1991a, Bloco 5, p. 2).

Hal f of the turbines were purchased from Neyrpic of G enoble
and Creusot-Loire of Le Creusot, France. The other half were

made at Mecénica Pesada Ltda., in Taubaté, S&o Paul o--a Brazilian
subsidiary of the same French group. The French financed these
t hrough "supply credits"--loans that carry the requirenent that

t he equi pnent be bought fromthe French suppliers, and at the
prices stipulated by them By 1991 the debt to the French
totalled US$ 3 billion, and none of it had been paid back (Pinto
1991a, Bloco 5, p. 2).

Lacio Flavio Pinto's charges of corruption anong sone of the
nost powerful nen in Brazil, and a link to one of the country's
nost notorious political assassinations, remain unproven.

However, they have al so never been properly investigated.

The Rol e of Public D scussion

One of the greatest inpedinents to informed public
di scussi on of Tucurui has been the policy of secrecy that applies
to much of the information related to hydroelectric dans in
Brazil. Even the massive 2010 Plan (Brazil, Eletrobras 1987) for
hydroel ectric expansion in Brazil was only made public in
Decenber 1987 after it had already | eaked into the public domain.
This plan indicates that 10 nmillion hectares (100,000 knf) woul d
be flooded if all planned dans are built (p. 150). The plans
have subsequently evolved with the 2015 Plan and 2020 Pl ans.
This author once had the rare opportunity to publicly question
t he head of El etrobras on why copies of these docunents could not
be provided, resulting in a nost remarkabl e explanation: Brazil's
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multi-billion dollar electrical authority could not afford
phot ocopyi ng (Frederico Magal hdes Gonmes public statenment 7
Novenber 1989).

Secret and continually evolving plans offer an ideal neans
of avoi ding any questioning. Wen plans cone to light and are
guestioned, authorities can always allege that the plan has
changed.

CONCLUSI ONS:  THE LESSONS OF TUCURUI

The contrast between the potential benefits of Tucurui and
the real benefits for Brazil could hardly be greater.
Exam nation of the specific inpacts of this or any other damis
insufficient for decision-mking unless the question of for whom
t he benefits accrue is satisfactorily answered. Unfortunately,
this did not occur in the case of Tucurui, which mainly benefits
mul tinational alum num conpani es. Tucurui has severe inpacts,
including |loss of forest, displacenent of indigenous peoples and
riverside residents in the subnmergence area, elimnation of
downstream fi sheries, creation of breeding grounds for a plague
of nmosquitos, and nethylation of nmercury with grave potentia
public health consequences for the |ocal population and for
consuners of fish in urban centers such as Bel ém

The deci si on-maki ng process for hydroel ectric devel opnent is
perverted in a variety of ways with the result that the
envi ronnment al and human i npacts of danms have very little weight
in the actual decision to inplant the projects. Influence of
construction firms and of foreign financiers and equi prment
suppliers contribute to giving mniml consideration to the
envi ronmental and social inpacts of the project. The curtain of
secrecy that Eletronorte maintained over many aspects of the
Tucurui project has hindered understanding of its inpacts. The
associ ation of Tucurui since its inception with a shadow world
of mlitary and security agencies has reinforced this aspect of
the project. The need for fully informed public discussion of
the anmbi ti ous hydroel ectric plans that have been nade for
Amazonia is urgent. Unfortunately, many of the | essons of
Tucurui have not yet been | earned.

NOTES

(1) Wile the president of Eletronorte at the tine Bal bi na was
built (Mguel Nunes) later admtted that "Balbina is a sin"
(A Critica 18 March 1989), the present head of the agency
(Ant 6ni 0 Muni z) endorses the dam

(2) It is worth noting that at the Petit Saut Damin French
Gui ana (closed in 1994) an underwater dike was built
parallel to the dam 60 m upstream as a neasure to i mmobilize
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the I ower half of the water columm and draw only relatively
wel | - oxygenated surface water into the turbine intakes. The
intake for the turbines at Tucurui is at 26.5 m above nsl,
about one-third of the height of the water colum (72 - 3 =
69 m) (Brazil, Eletronorte 1989, p. 154); Petit Saut has its
intake at the bottom as at Balbina. According to pre-
construction sinmulations of Petit Saut, the dike results in
sufficiently high water quality to maintain fish stocks
downstream ( Si ssaki an and Desnoul ins 1991). However, to
this author's know edge, neasures such as this are not
currently being considered for dans planned in Brazilian
Amazoni a.

(3) For exanple, between 11 February and 31 August 1984, Miseu
Paraense Enilio Goeldi (MPEG staff and their assistants
spent 2161 person-days in the field at Tucurui with
El etronorte per diens (Brazil, |INPA, MPEG and El etronorte
1984, p. 9). Additional teans were present from | NPA,
Instituto Evandro Chagas (I EC), Instituto Butanta (1B) and
Uni ver si dade Federal do Para (UFPa).

(4) Contract DT-TUC-009/75 for the first-phase cofferdam
per manent roads, airstrip and earthnoving for the
residential village and construction site was signed 21
Novenber 1975. The main contract for building the dam (DT-
TUC- 015/ 1976) was signed 24 January 1977 (Brazil,
El etronorte 1989, p. 24).

(5) The case against General Cruz was dismssed in 1993 on the
basis of testinony froma witness (the wife of an SNI agent)
who cane forward 10 years after the fact to assert that she
had seen the general in Brasilia at the precise tinme (7:30
AM 2 Cctober 1982) that another witness had seen himin R o
de Janeiro near the dock where von Baungarten was enbarki ng
on the fishing trip on which he was assassi nated (Briguglio
1994, p. 21). The witness in R o nmaintained his version
until his own death in an apparently unrel ated nurder
(Amazonas em Tenpo 22 June 1996). The reason for von
Baungarten's assassination is generally believed to be to
insure his silence on the R ocentro bonb expl osion that had
occurred the previous year (Contreiras 1999). The
possibility of a contributing notive from Tucurui is inplied
by Pinto (1991a, Bloco 5, p. 2).
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FI GURE LEGENDS
Figure 1. The Tucurui Dam

Figure 2A. The Legal Amazon with |ocations nentioned in the text,
B: the Tucurui Dam area, C. |ower end of the reservoir, including
t he Carai pé branch.

Figure 3. The Carai pé branch of the reservoir, which has a
turnover tinme of seven years, leading to very poor water quality
as vegetation decays.

Figure 4. Annual drawdown exposes |arge areas. Seasonal fl ooding
provi des ideal conditions for generation of nethane, as well as
for methylation of mercury in the soil.

Figure 5. Leaflets dropped by helicopter by Eletronorte claimng
t he Tucurui Dam woul d have virtually no negative
i mpacts.
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