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ABSTRACT

Malor hydrologlcal hazards in Brazllt a&re: urban floods,
droughts in the Northeast Reglen, floods In the valleys of
targe rivers (including the Pantanal), extreme floods that
can affect safety of big dams and the so0 called Tenergetic
droughts. Often technical soluctions to alieviate these
hazards are not implemented, although Known due to lack of
resources and/or lack of an efficient political
organization,

INTRODUGCTION

Brazil is & large country covering about 8.5 million square
kllometers with a populetion of 138 mtilion, agrowing at a
yearty rate of 2.1%. Annuail gross domestic product totals us
1672 per capita. Poputation is unevenly distributed: only
D.5% Jive in the North, a vast region of 3.8 mitlion square
kiiometers ¢44% of the country) mostly composed by the
Amazon Forest, while 43.0% live In the South and Southeast,
a fertile and industrialized reglion of abeut 1.5 million
square kilometers (17% of the country). Roughly two thirds
of the population live in cities with more than 50,000
inhabitants. Al1 data refers to 1885.

Annual mean precipitation is 1745 mm If we consider the
country as & whole and 1370 mm | f we discount the Brazilian
part of the Amazon Baslin, which accounts for 83% of the
total area of the basin. Precipitation over the Amazon
Basin, including the non-Brazilian part of it, is 2548 mm
and the resulting streamflow at the mouth of the Amazon
River has an estimated mean value of 202,000 cubhlc meters
per second. Data on other malor rivers basins of the country
are given in Table t and thelr locallzation in Figure 1.



TABLE 1 -~ DATA ON THE MAIN BRAZILIAN RIVER BASINS

BASIN DRAINAGE AREA PRECIPITATION STREAMFLOW
(SQUARE KM) (MM} (CUBIC METER/SEGCOND)
Amazon g112,000 2548 bz, 660
Tocantins 757,000 1767 11,308
Sac Francisco 634,000 887 3,090
Parana 877,000 1437 11,200
Paragual 368,000 14080 1,340
Urugual 178,000 1708 4,040
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There are several hydroiogics! hazeards in Brazii, in the
sense that the popuilation I1s often affected by too much or
too fittle water. Sometimes the technical soclutions are not
implemented, although known, due to lack of resources and/or
tack of an efficient political organization. This Is the
case, for example, of heavy rainfall in the large cities,
The resulting floods are usually associated with losses for
the poor peopie because they bulld their houses in improper
ptaces, such as |In flood plains or on wunprotected steep



slopes., Obviously the poor would bulld thelr homes in safer
places, |¥f thasy had the economical alternative.

There are hydrological hazards for which technical solutions
are nhot so simple, For example, caitulating hypothetical
extreme floods In & tropical environment., These floods are
important for defining the spiilway capaclty. For large
dams, the flood recurrence interval should be of many
thousand years or else be calculated by an approach like the
FPMP. Udnderestimation of this fioocd may result on dam break,
due to overtopping. On the other hand, gverestimation will
mean &8 non efficlent use of scarce resources, The engineers
that are designing the dams to be built in the +tributaries
of the Amazon Rlver, for power production, are presentiy
facing this problem. They have to make decisions with scarce
hydrological data and with a {imited knowledge about physics
of extreme ralnfall, for a duration of many days, in a
trepical region. They know thaet It is not advisable to
plainly use methods developed for temperate climates
because, among other reasons, the moisture content in &
column of alr In a rain forest has & smaller coefficient of
variation,

Beyond wurban flooding and dam overtopping, the following
hydrotogical hazards wiit be discussed in the ensuing text:
crop faillng droughts in the Northeast, power supply
shortage due to lack of water in reservoirs and floods in
the large rivers.

URBAN FLOODS

Since the late forties, there is an industrialization
process going on, which has resuited on a steady migration
ecf millions of poor people, seeking for a better (ife, from
the countryside to the large cities. Sao Paulo and Rio de
Janeiro have now more than 10 million {nhabitants each, if
we Include the poputation of the satellite cities. These
migrants seldom actually improve their standard of living.
Most commonly they end up building thelr homes In the
shantytowns kKnown as “"favetas™, which are located In the
putskirts of the cities, wusuaily tn the flood plainsg, or on
unstable hills.

Bultding codes are not enforced in these nelghborhoods due
to &8 number of reasons:

a) They are wusually overcrowded because transportation
system Is deficlent and everybvdy prefers to five close to
the working place:

b) People usually don’t own the plece of land where they
heve built their T"unauthorized” houses. This means that they
don’t have the incentive to Invest their savings on house



Improvements, &s they can be dislodged at any moment:

c) Most people simply don‘t have enocugh money to folifow the
codes and enforcement would drive them to tive in the
streets, as some actually do.

Favelas are wusually defensefess against heavy rainfalls.
Let’s take the <city of Rio de Janelro as &anh example,
Mountains occupy about 1/3 of its area and more than one
miltion peopie live in the favelas [ocated on the coliuvial
deposits at the hiiisiopes. It has heen observed that the
silty-clayey-sand colluvial soill presents a transition layer
to the underlying resldual soil, consisting of a8 gravelily-
sand of high permeability. This Jlayer recelves appreciable
contribution of water from upper regions of the slope, which
can lead to the fallure of the colluyvium during exceptiona!
rainy seasons (Pedrosa et al, 1887). This hgppened in 1876,
in 1977 and very recently in February of 1888. During this
jast event, it has been measured in & gauge located  uphilli
{Capela Mayrink) a rainfall depth of 450 mm during four
davys, whiie the "mean annual preciplitation |Is 16800 mm
(Araulo, 188B8B). Landsiides resuited from this persistent and
large precipttation., M™Mud flow and all sorts of debris went
down the hills, destroying the fraglie houses that were in
their way and adding more debris to the flow. It is
estimated that more than 100,000 tons of so0ild material,
mud, trash and debris, were left over in the plain part of
the city when the fiood was over (Magalhaes, 18BB). Al this
material clogged the drainage system as well as the river
channels. GConsequentiy the water level! of the streets rose
in some parts more than 2 m and all activities were
disturbed by streets transformed intec "rivers”™.

At the time this paper Is being written, there is a hope
that the urban fiooding will start to recelve an
institutional solution: Congress is writing a hew
Constitutlion and It Is possible that this unique opportunity
will he used to Impose progressive taxation upch urban real
state iocated in the "safe" part of the <city, that s
speculatively kept vacant. In this way, it will be easier
for someone who is8 presentiy living tn a dangerous favela to
move to some urban plot of the regular city, Hesides, local
governments are |mproving safety conditions of the favelas
that can be transformed into reguiar urban neighborhoods.

These Iimprovements consist malnly in enlargements of the
drainage system, reguiar collection of trash and/or debris
and reforestation of the hills,

AGRICULTURAL DROUGHTS IN THE NORTHEAST
Most of the migrants that come to live in the favelas of the

big cities are rural workers of the Northeast, escaping from
droughts. Droughts n the Northeast Region may be singled



out @s the most important hydrologica! hazard in Brazit
because they can be catastrophic for millions of
Individuals. Although the mean annual precipitation |is
roughty 850 mm, crop fallures occur very often In the
region, due to the uneven distribution of the preclipitation,
in time and in space. The most affected sub-region Is the so
called "drought polygon™, which covers roughly 1 milllon
square kllometers, with 22 milliions Inhabltants (Figure 13).
In the drought polygon, the mean annual precipitation ranges
from 400 to BOOD mm, with & mean value of 650 mm. Potential
evapotranspiration is 2000 mm per year. Rivers are
Intermittent,

The latest large drought in the reglon osccurred from 1978 to
1883. In the worst perlod of this event, practically all
the Northeast (1.5 millions of square kilometers) suffered
from lJack of water, About 30 mitlion pecple were directly
affected by the drought. A targe contingent was reduced to
apsofute poverty. Federal Government had to create emergency
jobs to mitigate starvation. More than 3 miltion people were
enrolled in this program, receiving each fess than US$ 30
per month. This tlarge "army" was kept Dbusy by doing
thousands of smal! construction works, almed to improve the
water resources of the region. It is estimated that 7,000
wells were drilled and countless micro reservoirs have
Increased the total storage capacity from 12,000 to 20,000
bittlons of cubic meters (SUDENE, 1887). Unfortunately,
however, many of these constructions were done without
mintmal technical guidance and vanished after the first

flood.

Several inltiatives have been proposed to aileviate the
consequences of droughts in the Northeast. A big fallure was
the attempted colonization of @ strip of the Amszon basin,
by the landless of arid Northeast, through the opening of a
new road. Another proposal was to divert part of the fiow of
the Sao Francisco River, at Sobradinho Reservoir (Figure 1),
The water would be used to feed a large Irrigation prolect.
This proposal has not been implemented due to the high cost
of the hydraulic conveyance structures and aiso to the cost
of the substitute sources of energy that would have to be
built, in order to compensate the decrease of energy
production by the hydro plants located downstream of
Sobradinho Reserveir.

Presently an itrrigation proagram 1is beginning to be
impiemented in the region, hased on the availabiiity of
focal water resources,

FLOODS IN LARGE RIVERS

Blyvers with Flond Caontrnl Storage

Most of the targe dams and reservoirs built In Brazi! are



gwned by the Hydroelectritc System,. They have been
traditionally operated aimlng to maximize the energy
production. However the resufting river fiow regulation has
made the downstream population overconfident In the
capabl)ity of the reservolrs to mitigate floods with
moderate recurrence intervais, say 10 yesars, Furthermore,
tack of proper survelllence resulted in several piaces on a
dangerous occupation of the flood plain, which has created,
or has reinforced, a political problem. it has become
necessary to reevaluate the operating rules In order to take
fiood control constraints into account,.

Fiood control restrictions are represented by the maximum
normal outflow, which Is the upper bound on the release of
each reservolr to avoid downstream flooding. An emergency
occurs whenever the tevel of +the reservoir reaches @&
critical limit and dam safety procedures Impose releases
bigger than the maximum normal outflow, Since 1878,
ELETRGBRAS, the federal hotding company controlling &t
Brazil’s power utilities, has created a task force to
coordinate an effort to teave flood control storage in  the
reservolrs, during the flood season. In the beginning, flood
control storage was sl|zed by simulating the river system
with the worst historicat flood. Soon It was noticed a
nuisance in the methead: it tends te alliocate larger filood
control storages to reservoirs with longer streamflow
records, everything eise being the same.

More recently, several new methods have been developed which
define the filood control storage for a given recurrence

interval, typically 3D vyears (Kelman 1888, Tavares and
Kelman 1885, Damazto et al 18B7). These methods use
synthetic dalty streamfliow sequences, produced by a

stochastic model (Keiman et a! 1885), The flood control
storage voiumes can be aiiocated in many different ways, 50
that each reserveir shares the responsibiiity for valley
protection, provided the controliability conditions are
satisfled f(Marien 1984, Damazio and Marien 1888). Littile
nas been done in Brazll to compare economically and sociatly
the flood-control-storage solution to non-structyral
alternatives, 1ike for example the flood plain zoning. There
are some hints that the cost associated to the decrease of
the firm (or reltiable), energy may exceed a lot the cast of
a proper flood zoning (Dlas et ai 1885).

Ihe Pantanal

Most of the Paragual River Basin in Brazillian territory Is a
marshy region of about 140,000 square kiiometers largely
swamped during ¥ioods and characterized by stagnant water
long after the rains. It is called the "Pantanal™ (Bonneto
et &l 1988). The most important economical activity In the
Pantanal is cattle raising on natural vegetatlion. The
Srazl!lian Government operates a large network of stream



gauges Inh order to support a fiood warning system. The main
purpose of this system is to advise farmers about the flood,
long ahead of 1ts arrival. This tesk Is made relatively easy
by the large "lnertia™ of the basin: there is a 4 months
lag, on the average, between the peak of the rainy season
and the ocurrence of the maximum anual discharge (Pereira,
1888). in this way, most of the cattle can be rescued,
moving them to higher iands. However, because cattle |lves
almost freely tn the fields, many can’t resist long periods
with their feet under water, get sick and uitimately die.
From the 2 mitiion cattle of the Pantanal, it is estimated
that more than 200,000 dled during the 1988 filood, which was
the largest of the century.

when water covers the farms, the workers loose their Jobs,
Becauyse they can‘t count with a rellable social security
system, many survive by fishing, hunting and smugsliing
alligator leather (Costa, 1988).

Iin recent years, mechanized soya cultivation is deveioping
rather quickly in the wupstream tributaries of the Paragual
River. Soil eroslon has grown steadily. GConsequentiy there
has been a decrease of water depth in several river
channels, which has <crated some navigation difficulties.
Navigation is also disturbed during major floods because big

chunks of vegetation get locose from the sandy soil of ‘the
flood zone and slowly drift towards the main channe!,
clogging {1t completely. Being aboard in such <conditions,

one has the Iimpression to be navigating across a grass field
(S.R.V. Laan, 1888, personal communication).

DAM SAFETY

Most of +the large dams buiit in Brazil are earth filled.
Overtopping for such dams leads In genersl to dam fallure
and to a destructive flood wave, This happened with two dams
jocated In the Pardo Rliver, Sao Paulo State, tn January of
1977. A malor storm, which resulted on a rainfall depth of
230 mm in 24 hours, was centered on the small drainage area
(about 4000 sguare kitometers) of the upstream reservoir
(Euclldes da Cunha). The dam personne! dldn‘t open the
spiliway gates during the first hours of the flood due to a
fallure of the communication system between the dam and the
headquarters of the power company. Water level! rose quickly
and soon the gates couldn’t be operated anymore, due to
mechanical faiture. Water leve! reached the dam crest and
during seven hours it kept overflowing, before rupturing.
The reservolr volume of 13 mitlion cubic meters was suddenly
released and the resulting flood wave went down the river at

a speed of 20 km/h. It took only half an hour for this wave
te reach the downstream dam, and another half an hour for
the secand dam to coilapse,. This event, which is

comprehensively described by Siqueira (1878), triggered a
deep concern about dam safety in Brazil,



One of the <consequences 0f this concern s & technical
report, called T"Guidelines for Filood Evatuation |In the
Design of Spliliways”™, which was Issued by ELETROBRAS in
1887. The report suggests that the design flood of a large
dam should be calculated using elther the Probable Maximum
Filood criterta or the 10,000-year fiood, This suggestion
corroborates the recent trend of the Brazitlan Etectric
industry. Nevertheiess, the report admits that under special
conditions, economical studies may indicate other safety
levels,

The report has been supported by some research work, that
has indicated:

a) Goodness—of-Ffit tests &re not sufficient for choosing the
probability distribution that will be used for estimating
the 10,080-year peak flood. It is preferable to wuse a

robustness criteria (see for example Wallls, 1888) to
make the selection. in this context, the two-parameter
expohential distribution resulted in an overall better
behavior, for the typical range of peak flows observed

In Brazil. The theocry of extremes was hot found as
useful as often reported, due to several reascens, explained
eisewhere (Kelman, 1987).

by Stochastic medeling of the streamfiow time series is @&
suitabte approach for design, particularly when the flood
attenuation storage of the reservoir is sized Jointly with
the maximum flow capacity of the spillway.

c} Extreme floods in large basins located in a fropical
region are the result of temporal and gspace rainfall
patterns which not necessarily induce extreme datly point
rainfall. Some plausibie events, meteorologically adverse,
may be "synthetized” by rearranging the pattern of
recorded storms.

ENERGET!C DROUGHTS

The industriatizstion process has been supported in Brazil
by a steadily increasing supply of electric power., 95%. of
this production comes from hydro power plants. The @il
production of the country (roughty 600,000 barrels/day)
cannot be used to generate electricity because it 1Is not
enough to meet the consumption necessary for transportation
ang for Industrial heating, Total Instalied capacity I8
42,710 MW and annuai production of electricity ls close Yo
172 TWh (1887). This means a consumption of less then 1,300
Kwh/year per inhabitant, a8s compared to the consumption, for
example {in the USA, of roughlty 10,000 KWh/year per
inhabitant.

Most of the Brazillan hydro plants are ltocated in the Parana
River Basin (Figure 1), including the 12,600 MW [Itaipu



Binational, gn the border of Brazll ang Paraguay. The ninth
turbine of [talpu was commissioned recentiy, bringing the

total installed capacity to hsi{f the total planned output.
Tucurui Is the flrst large hydropiant bulit in the Brazilian
rain forest, on the Tocantins River, It wiltl have an

installied capactty of 3,969 MW and 8,000 Mw, respectively at
the end of the first @and second stages. From the
hydrological potnt of view, Tucurui is an interesting dam
because its spiliway has the largest discharge capacity in
the world to the knowledgs of this writer (115,000 cubic

meters per second).

Most of the hydro plants of the North-Northeast
interconnected system are tocated on the Sao Francisco
River. Xingo, which will be the plant with the highest
instalied capacity in this river (5,000 MwW), began to be
constructed in August 1887 to start operating in the eariy
1980s. However, inauguration of Xingo, as weill as of five
other Brazilian hydro plants (total Instalied capacity of
2,500 MW) are |likely to be postponed as a result of lack of
funds. (Water Power & Dam Construction, page 7.,
February 1888).

tn the last few vears, utilities have not found the
resources to support the generation expansion of the
hydroelectric system because of the financtial censtraints
presently imposed upon Brazil, associated with Brazii’s debt
of approximately US$ 115 biitions. tnvestments have lagged
behind the needs. Lack of investments means, in generatl,
that new consumers and new industries have to wait for
several years before being connected to the grid, Economical
consequences are obviously devastating for countries which

are s8till wunderdeveloped and that do not control the
population graowth, in a electric system based predominantiy
gn hydro energy, like Brazil, there is one Toptimistic

alternative” as ah attempt te avoid complete disaster: one
may count with favorable hydroiogical conditions to vrefill
the reservoirs, which are used intensiveiy to meet the
growing demand for energy. In other words, the optimistic
alternative calls for a higher risk of energy curtailment
due to lack of water in the reservoirs.

fn predominantly thermal systems, the main role of hydro
plants Is to meet the peak load. For this reason, hydropower
capaclty Is often expressed in terms of Instalied capacity.
However, In predominantiy hydro systems, the basic variabie
to0 be considered is the "retlable energy”. This Is defined
as the maximum quantity of energy that can be delivered
during each year, under adverse hydrologicatl conditions.

Traditionally this adverse condition was the worst drought
observed in the past and the reliabie energy was called firm
energy. Because of the lack of funds, utitities are
accepting droughts with small recurrence interval, sometimes



less than 10 years, as "the adverse condition™.
Consequently, energy shortages have occurred in the Scputh
Regiaon (198B) and in the Northeast Region (188B7). These
events spread among the gdgeperal populiation, and even ameng
enhgineers, the misconception that electric energy based oh
hydropower production s quite unreilable, due to droughts.
it Is not generaliy perceived that in a large territory like
Brazil, hydrologicatly heterogeneous, the risk of energy
shortage can be {ndeed very Iow, pravided there are
suffictent reservoits and power plants.

CONGCLUS I ON
Alleviation of hydrojogical hazards In Braztl, as well as in
many other parts of the worid, will not resuit solely from
technical progress. It {s atso necessary to achieve &n

integrated development of the human resources, institutional
and political structures, and last but not teast, econcmic

prosperity.
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