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ABSTRACT

Hydr oel ectric dans have severe soci al i mpacts,
including flooding the lands of indigenous peoples, displacing
non-i ndi genous residents, and destroying fisheries resources on
whi ch downstream resi dents depend. Subsidized power for alum num
manuf acture for export creates economc distortion in Brazil and
creates mnimal enployment and other benefits in the country.

Hydroel ectric reservoirs increase health risks to |oca
popul ations, including nmalaria and, in the case of the Tucurui
Dam exposure to a plague of Mnsonia nbsquitos. Mer cury
contam nation of fish is likely to produce grave effects in the
future, after people who consune fish fromthe still recent dans
in Armazonia have had tinme to accumulate higher levels of this
poi sonous netal. The bottons of Amazonian reservoirs are devoid

of oxygen, creating the conditions for formation of poisonous
met hyl mercury fromthe netallic nmercury that has accumul ated over
mllions of years in the ancient soils of Amazonia. Environnental
i npacts of dans include radical changes in river hydrol ogy, |oss
of tropical rainforest, and contribution of greenhouse gas
em ssions from deconposition of dead trees and other organic
matter.

| .) 1 NTRODUCTI ON

Construction of hydroelectric danms in Brazilian Amazonia
causes substantial social and environnental inpacts, as is also
the case in other parts of the world. The deci sion-naking process
for initiating new projects has tended to grossly underestinate

these inpacts, as well as to systematically overestimte the
benefits of the dans. Fi nanci al costs of dam construction have
also been systematically wunderestinated. In addition to

disparities in the nmagnitude of the costs and benefits, there are
also great inequalities in terns of who pays the costs and who
enjoys the benefits. Local popul ati ons have often sustai ned maj or
i npacts, while the rewards have largely accrued to beneficiaries
in urban centers and, in the case of the l|largest dam (Tucurui) to
ot her countries.

The scale of hydroelectric developnent contenplated for
Amazonia is trenmendous (Figure 1). ELETROBRAS (the Brazilian
governnent's power authority) has published a "2010 plan”
outlining the possible construction of 68 dans by the year 2010,
with the total rising to as many as 80 dans within a few decades.

Brazil's financial difficulties have repeatedly forced ELETROBRAS
and ELETRONORTE (the power nonopoly in northern Brazil) to
post pone dam buil di ng pl ans. However, the overall scale of the
pl ans, as distinguished from the expected date of conpletion of
each dam remains unchanged and consequently an inportant
consideration for the future.

[ Figure 1 here]



The 80 danms would flood roughly 2% of Brazil's Legal
Amazonia, and would flood about 3% of Brazil's portion of the

Amazon forest. Flooding this area wuld provoke forest
di sturbance in nmuch w der areas. Aquatic habitats would, of
course, be drastically altered. Most of the sites that are

favorable for hydroelectric developnent are |ocated along the
m ddl e and upper reaches of the tributaries that begin in Brazil's
central plateau and flow north to neet the Amazon R ver--the
Xi ngu, Tocantins, Araguaia, Tapaj06s and others. Thi s region has
one of the highest <concentrations of indigenous peoples in
Amazoni a.

Brazilian Amazonia currently has four dans classified as
"l arge" danms: Curua-Una (Dam No. 27 in Fig. 1, closed in 1977),
Tucurui (Dam No. 62 in Fig. 1, closed in 1984), Bal bina (Dam No.
34 in Fig. 1, closed in 1987), Sanuel (Dam No. 10 in Fig. 1,
closed in 1988). O the planned dans, nost controversial are the
danms planned for the Xingu R ver, beginning with the Belo Mnte
Dam formerly known as Kararabé (Dam No. 28 in Fig. 1).

I1.) SOC AL | MPACTS
A.) | ndi genous peopl es

Exi sting and planned hydroel ectric devel oprment includes sone
of the portions of Amazonia nost heavily popul ated by i ndi genous
peopl es. The Tucurui Dam on the Tocantins R ver flooded part of
t hree i ndi genous reserves (Parakand, Pucurui and Montanha) and its
transm ssion lines cut through four others (Mie Maria, Trocara,
Krikati and Cana Brava). In addition, the rerouting of the
Transamazon H ghway to skirt the western edge of the reservoir cut
t hrough the Parakand Reserve, which was truncated to occupy only
one side of the highway. The |and between the highway and the
reservoir was used as a resettlenment area (the d eba Parakand),

t hereby denying the tribe access to the reservoir. I nvasi on of
the reserve by non-indigenous poachers was facilitated by the
arr angenent . The Trocara Indigenous Area, inhabited by the

Asurini do Tocantins Indians, is |ocated 24 km downstream fromthe
dam thereby suffering the effects of water pollution and | oss of
fish resources affecting all downstreamresidents. |In the case of
the Bal bina Dam part of the Waimri-Atroari reserve was fl ooded.

Most dramatic is the potential for inpacts on indi genous peoples
of danms are built on the Xingu river. The first dam planned (Bel o
Monte) is likely to set in notion a chain of events that would
inexorably lead to building the other planned dans or, under
ELETRONORTE s current plans for "redistribution of the fall" of
the Xingu River, possibly resulting in dans in slightly different
| ocations than those originally announced in the 2010 plan. The
physical |ocation of the proposed Belo Mnte is a dambuilder's
dream with a 94-m drop and an average flow of 8600 ni/s. The
problem with tapping it is institutional: Brazil's electrical



authorities may declaim as they mght that only the first damis
at stake, but such clains are not likely to have any effect on
building the other dans when their time arrives in the
construction schedule. The history of broken prom ses (to use a
euphemsn) in the case of filling Balbina provides a directly
paral l el exanple. In the case of the largest Xingu dam
(Babaquara: Dam No. 29 in Fig. 1), ELETRONORTE has not even
promsed not to build the dam but only to renove it from the
"2010 Plan"; noreover, the "redistribution of the fall" |eaves
open the option of flooding the same areas with other dans wth
di fferent nanes.

2.) Resettlenent

D spl acenent of population from the reservoir area can be a
severe inpact in some |ocations. In the case of Tucurui 23,871
peopl e were noved. Resettl ement problens led the Internationa
Water Tribunal to condemn the Brazilian government for the inpacts
of Tucurui at its 1991 session in Ansterdam Al t hough the
Tri bunal has only noral authority, the condemnation brought world
attention to existence of an underlying pattern of social and
envi ronment al probl ens caused by this woul d-be nodel undert aking.

The popul ation that would be displaced by planned Santa | sabel
Dam (Dam No. 74 in Fig. 1) is undoubtedly well over 100, 000.

3.) Downstreamresidents
Wien a damis built the residents along the river downstream

of the dam suffer trenmendous inpacts. Wile the reservoir fills,
the stretch below the dam often dries up conpletely, denying

riverside residents water and fish. In the case of Bal bina Dam
the first 45 km downstream was dry during the filling stage.
After the damis filled, the water released through the turbines
is wvirtually devoid of oxygen, Kkilling fish in +the river

downstream and for a substantial distance below the dans
preventing re-establishnment of the fish populations. The virtua
total loss of fish from lack of oxygen applies to 145 km at
Bal bina, while at Tucurui it applies to to 60 kmin the dry season
on the western side of the river. Blocked mgration reduces the
river fish stocks over the full distance between these dans and
the confluences of the rivers with the Arazon: 200 kmin the case
of Bal bi na and 500 kmin the case of Tucurui.

Bel ow the Tucurui Dam the fish catches were three tines
smal l er than pre-dam levels beginning in the second year after
closing the dam The fish catch per unit effort, as measured
either in kg per trip or kg per fisherman, dropped by about 60%
whil e the nunber of fishernmen also fell dramatically. |In addition
to declines in fish catches, freshwater shrinp harvests also
decreased: local production in the lower Tocantins fell by 66%
beginning in the second year after closure.



4.) Econom c distortion

The power generated by Amazonian dans often does little to

better the Iives of people living near the projects. |In the case
of Tucurui this is dramatized by the high-tension |ines passing
over hut after hut I|it only by the flickering of kerosene
| anpar i nhas. As of 1996 of the power from Tucurui supplied

subsi di zed energy for nultinational alum num plants in Barcarena,
Para (ALBRAS- ALUNCRTE, of N ppon Amazon Al um num Co. Ltd. or NAAC
a consortium of 33 Japanese firnms) and in S&do Luis, Maranhéo
(ALUMAR, of Alcoa). Brazil's Conpanhia Vale do R o Doce (CVRD)
maintains 51 and 61% interests in ALBRAS and ALUNCRTE
respectively. The power is sold at roughly one-third of the rate
charged to residential consuners throughout the country, and so is
heavily subsidized by the Brazilian popul ace through their taxes
and hone power bills.

Brazil’s commtnent to supply subsidized power alum numfirns
distorts the entire Brazilian energy econony, inflicting w de-
rangi ng social costs. The root of the problemis admnistrative
ruling (Portaria) No. 1654 of the Mnistry of Mnes and Energy,
dated 13 August 1979, which concedes electricity for a period of
20 years at a rate linked to the international price of alum num
the energy used in the snelting not being all owed to exceed 20% of
the international price of the product. Wen alumnumis cheap
as it is now, the conpani es pay al nbost not hi ng.

International financiers of dams in Brazil are essentially
channel ling noney to Japan instead of to Brazil. The funds build
danms to supply electricity to Brazilian cities that could be
supplied from existing danms, such as Tucurui, but are not because
the Brazilian governnment is effectively giving away Tucurui's
power to Japan in the form of subsidized alumnum ingots. For
exanpl e, Manaus could have been supplied with electricity from
Tucurui without building either Balbina or the planned gas
pi peline from Wucd, cut this did not occur because the power from
Tucurui was already conmitted to naking al um num

On a global scale, the subsidy of energy for alumnumpermts
wast eful use of this netal. Aluminum is used, for exanple, for
cans for soft drinks and beer; even if recycled several tines
these eventually wind up in the trash. An al um num can wi t hout
recycling uses 7000 British thermal wunits (BTU) of energy, a
recycled can uses 2500 BTU per use, while a reusable bottle
refilled 10 tinmes consunmes an average of only 500 BTU per use. |If
the true cost of alumnum were charged for the product, including
the cost of building hydroelectric danms and conpensating for their
environmental and social inpacts, alumnum would be nuch nore
expensive and would only be used for purposes that have no
substitute. The principal alum numconsum ng countries are not
buil ding nore |arge dans, having found that the financial, socia
and environnental costs of dans are too heavy. They woul d nuch



prefer to export these inpacts to countries |like Brazil, while
continuing to enjoy the benefits in the formof cheap al um num

Financial loss is only a part of the inpact of the subsidy to

the al um num industry. The quantity of enploynent generated by
al um num processing is mnimal: there are 1200 jobs in Barcarena
and 750 in S&o Luis. In 1986, ALBRAS used 49.5% of all of the
electricity consuned in the state of Para. The "workers town" at
Bar car ena, i ncluding dependents, shopkeepers, etc., has a
popul ation of only 5000 people; this town consunes nore energy
than Belém Santarém and all of the other cities of Para
t oget her. Virtually any other use of electricity would bring

greater benefits to Brazil.

The construction of Tucurui cost a total of US$ 8 billion
when the interest on the debt is included, according to the
cal cul ations of Lucio Flavio Pinto. Considering the percentage of
power used for alumnum Tucurui alone (which is only a part of
the infrastructure supplied by the Brazilian governnment) cost US$
2.7 mllion per job created.

5.) Health

Health inpacts of hydroelectric danms are substantial.
Malaria is endemic to the areas where dans are being built,

| eadi ng to increased incidence as human popul ati ons swell in these
ar eas. The reservoirs provide breeding grounds to Anopheles

nosqui tos, maintaining or increasing the population of vectors for
this disease in the surroundi ng areas.

In the case of Tucurui, a dramatic inpact was a "nosquito
pl ague” of the genus Mansoni a. This species does not transmt
malaria, but it can transmt several arboviruses. |t can also be
a vector for filaria, the parasitic worm that causes
el ephanti asi s. Al'though this disease occurs in neighboring
countries such as Surinane, it has not yet spread to Brazilian
Amazoni a. After filling the Tucurui reservoir, populations of
Mansoni a exploded along the western shore of the |ake. These
nosqui toes bite both by night and by day; biting intensity was
measured at up to 600 bites/hour on exposed human subjects. The
swarnms of these insects nmake life intolerable in the areas where
they are concentrated, and caused a significant nunber of
residents to |leave for nore hospitable |ocations. The explosion
of nosquitos was a predictabl e consequence of the aquatic weeds in
the reservoir, which are believed to provide breeding grounds for

these nosquitos throughout Amazonia. The prevailing w nds
concentrate the weeds along the reservoir's left bank. The
initial expl osion  of aquatic weeds (especially Salvinia

auriculata), which covered nuch of the reservoir's surface in the
first year, died back to its present level as the initial flush of
nutrients was exhausted. The current level of water weed
infestation, and hence the current locally intolerable |evel of




nosqui to infestation, appears to be stable.

Mercury methylation represents a nmajor concern for
hydroel ectric devel opnent in Amazoni a. Mercury is concentrated
bi ol ogically, and concentrations increase by an order of magnitude
with each step up the food chain. Humans tend to occupy the top
position and can be expected to harbor the highest |evels of
mercury. It is likely that high concentrations in soil and
vegetation in Amazonia have built up from background deposition
over mllions of years, rather than from recent anthropogenic
i nput s.

Met hyl ation is occurring in reservoirs, as indicated by high
mercury levels in fish and human hair at Tucurui. In a sanple of
230 fish taken from the reservoir by Finnish researchers Tuija
Leino and Martin Lodeius, 92% of the 101 predatory fish had Hg
| evel s higher than the 0.5 ng Hg per kg fresh weight safety limt

in Brazil. The tucunaré (G chla ocellaris and C_ tenensis)--a
predatory fish that nakes up over half of the comercial catch at
Tucurui, is contam nated with high levels, averaging 1.1 ng Hg per

kg, or over twice the 0.5 ng Hg per kg fresh weight safety limt.
Canadi an researcher Marc Lucotte has calculated that one could
eat a maxi mum of one neal of tucunaré per week w thout exceeding
the recommended limts to nercury consunption. Many residents
around Tucurui eat fish every day, as do nmany people in Bel ém
where much of Tucurui's fish harvest is marketed.

Mean Hg in hair of people fishing in the reservoir was 65 ny
per kg of hair studied by Leino and Lodenius, a value many tinmes
hi gher than that in goldmning areas. For exanple, in gold mnes
near Caraj s, Hg concentrations in hair ranged from 0.25 to 15.7
ng per kg of hair studied by R Fernandes and coll eagues. Dat a
fromthe Tapaj 6s R ver have indicated neasurabl e synptons, such as
visual field reduction, anong riverside residents with hair Hg
| evel s substantially |ower than both the levels found at Tucurui
and the 50 ng per kg threshold that is currently recognized as the
st andar d. The Hg concentrations in human hair at Tucurui are
al ready nore than doubl e those that have been found to cause fetal
damage, resulting in psychonotor retardation.

The human health consequences of nercury poisoning can be
devastating, and are not understood by nost people in Amrazonia.
Mercury concentrates in the body throughout a person's life--it is
not renoved by natural cleansing processes. Cooking fish does not
alter the levels or toxicity of nethylnmercury. The appearance of
severe synptons--even death in severe cases--can occur with great
rapidity after years of apparent health. In Mnamata, Japan,
healthy fishernen could be stricken and die within less than a
week of the onset of synptons. Mercury is concentrated in the
fetus--a healthy nother can often give birth to a deforned child.
The tine before synptonms occur is very |ong. In Mnamata, the
Chi sso Chem cal Conpany began dunping nercury waste into M namata



Bay in 1932, yet it was not until 1956--24 years later--that the
first case of contamnation was recognized. Many people in
Amazoni a today are eating fish and feeling no ill effects, |eading
them to the mstaken conclusion that they are escaping the
consequences of mercury poi soni ng.

B.) ENVI RONVENTAL | MPACTS
A.) R ver hydrol ogy

Damming a river breaks the natural cycle of seasonal changes
in streanflow. Below a damthe peak flood stage is usually | ower
than in the unregulated river, and releases of water during the
|ow water stage prevent river flow from reaching the |ow point
that it normally would. Under some circunstances, however, the
reverse effects can occur: precipitous release of water can cause
unprecedented downstream flooding, and the river's flow can be
completely blocked when the reservoir is being filled or re-
filled, thereby causing a section of the river downstreamto dry
up conpletely.

B.) Forest |oss

Loss of highly diverse tropical rainforests flooded by
reservoirs is obviously a major inpact. The area of forest |ost
due to hydroelectric projects is much nore than that directly
fl ooded by the reservoirs. Roads nust be built to each dam wth
consequent deforestation by farmers, ranchers and | and specul ators
al ong these access routes. Popul ation displaced by the reservoirs
nove to new areas, where they clear additional forest. In
addition to loss of biodiversity, the forest loss contributes to
gr eenhouse gas em ssi ons.

C.) d obal warm ng

Dans al so contribute to global warm ng through em ssions of
nmet hane forned when organic matter deconposes at the bottom of the
reservoirs, which are devoid of oxygen. In the case of the
Bal bi na Dam which was built in an area of flat topography, giving
it a large shallow reservoirs and little capacity to produce
electricity, the inpact on global warm ng is worse than generating
the same power from fossil fuels. In the case of dans such as
Tucurui, where power generation is nuch higher than at Bal bina,
the balance is positive from the point of view of global warmng

despite substantial em ssions. However, the relative inpact of
hydroel ectric versus fossil fuel generation depends heavily on
what value is given to the timng of the inpacts (still an open

guestion in discussions over global warming); if a weight is given
to tinme as high as sone that are currently under discussion, the
current configuration of Tucurui would be counterproductive from
t he point of view of greenhouse gas em ssions.



' V.) CONCLUSI ONS

Hydroel ectric danms in Amazonia cause severe social and
environmental inpacts. |If fully inplenmented, planned devel opnents
woul d provoke nmassive social inpacts, including flooding |arge
areas of indigenous honeland, displacing populations of non-
i ndi genous residents in the subnerged areas, and |oss of fish and
ot her resources for downstream residents. Envi ronnental i npacts
include loss of highly diverse tropical forest, release of
greenhouse gases through decay of forest biomass, disruption of
aquatic ecosystens and formation of poisonous nethylnmercury from
mercury present in the soil in the areas to be fl ooded.



