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Fig.2 Topography around Rio Janeiro and Petropolis.
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Photo 1 Flat plane of Baixada Fluminense (fluvial low land).

Photo 2 Central part of Rio de Janeiro with a distant view of Tijuca Mountains.
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Table 1. Members of research group.

Name Affiliation Research
Mr. Hirotake IMAMOTO Professor, Disaster Prevention « runoff analysis
(Leader) | Research Institute, Kyoto University - rufugee
Mr. Toshie NISHIZAWA Professor, Institute of Geoscience, - meteorological
The University of Tsukuba research
Mr. Koichi SUZUKI Professor, Department of Civil - slope failure,
Engineering, Ehime University debris flow

(165.0)
® PEIRFLIS
0.6

Xl (g7 *EABD QUNABARA BAY
........... o WL & BN 0.6
------------ 0.1 .0 (ORI~ 1210}
EBFICA @

ICA
[T — 58.7

Fig. 3 Locations of pluviometer and total rainfall depth and the maximum daily rainfall

depth.
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Fig. 4(a) Daily rainfall depth at each station.
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Table 2. Total rainfall depth and its return period of 4 days from
February 18 to 21, 1988 (SERLA)Y.
. Total rainfall depth of Approximate return
Station .
4 days from 18 to 21 (mm) period (years)
Realengo 1494 5
Lagoa 239.8 9
Saboia Lima 432.0 50
Eletrobras 240.1 10
Via 11 98.2 1
Capela Mayrink 4494 50
Benfica 260.6 12
Santa Tereza 321.8 22
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Table 3. Passage of the disasters and countermeasures of heavy rainfall in February

1988.

Date

Passage of the disasters (and countermeasures)

February
3 (Wed.)

6 (Sat.)

8 (Mon.)

9(Tue.)
10 (Wed.)

11 (Thu.)

18 (Thu)

19 (Fri.)

*It rained heavily everywhere in Rio de Janeiro.

*It rained heavily in Nova Iguacu, Jodo de Meriti and Duque de Caxias in
Baixada Fuluminense and 8 persons died. (Oliveira, mayor of Duque de
Caxius, announced officially “The official disaster ordinance” for the severe
damage of the city.)

*Three persons of one family including a baby died by the collapse of a
jerry-built house in Teresopolis 95 km apart from Rio de Janeiro.

*Many houses were inundated by a large flooding in Angra dos Reis 154 km
apart from Rio de Janeiro. (About 6,000 persons took shelter in public
buildings such as schools and police offices.)

*Flooding and slope failures occurred in many places of Petropolis and at
least 71 persons died. The Quitanguinha river in the city was flooded and
the city was isolated. (Paulo Lates, mayor of Petfopolis, declared “the state
of disaster” and tried to do his best for sufferes’ rescue and appropriated
CZ$ 1.4 billion in the budget of the city for restoration.)

*Many cities such as Nova Iguagu, Sao Jodao do Meriti suffered severe
damage as well. (All the mayors of those cities asked for the help in
emergency such as clothes, medical goods and food.)

*Rainfall in Caxias city and adjacent cities in Baixada Fluminense did not
stop, and 7 persons were drowned. (Several thousands of sufferers were
taking shelter in the public facilities of the cities, churches, schools and
stadiums. The number of sufferers was supposed to be increasing still
more.)

*It rained heavily in Petropolis again.

*The Maracana river in Rio de Janeiro was flooded and 8,500 persons in the
low-lying sections of the city became homeless. (Paulo Ratex, mayor of
Petropolis, announced that removal of 5,000 houses in mountain areas was
under consideration, because they were exposed to the danger of collapse
by the next heavy rain.)

'*ghed(iiupiagu river in Caxoeira do Macaco near Rio de Janeiro was also

ooded.

*Even the Paraiba river in Volta Redonda of highlands became dangerous
with the increase of water level 2.5 m higher than usual level.

(Federal Goverment of Brazil and the State of Rio de Janeiro asked each
nation for help.)

(Japanese Government decided to send medical goods equivalent to 36.6
million )yen, and decided tentatively to offer the relief money of US$
150,000.

*The Acre river in Rio Branco, capital of Acre direct control section of
Federal Goverment, was flooded. All the areas along the river and 25
percent of the city were submerged. The number of sufferes was 11,600 and
agricultural damage amounted to CZ$ 5 billion.

%Volunteer groups of about 5,000 persons worked for the rescue of isolated
amilies and for the accommodation of sufferers in primary schools and
churches etc.)

(Minister of Domestic Affairs admitted CZ$ 20 million for the help of
sufferers.)

*The Acre river, a branch of the Jurua river, was flooded.

*Patients of malaria, the inflammation of the liver and chicken pox came out
and the number of undernourished children was increasing.

(Wholesale price of soy bean increased by 9.3 percent, potato by 10 percent
and coffee by 17.6 percent due to the recent continuous rainfall.)

*Heavy rain continued for 5 hours in Rio de Janeiro. Slope failures of large
scale occurred everywhere and more than 300 persons were supposed to
have died. Severe flooding on record in the low-lying sections of the city
made the traffic useless.

*Three barracks collapsed in the afternoon and 13 persons died or were
missing in Rio Comprido, north of Rio de Janeiro.

*Santa Jenoveva hospital in Santa Tereza hill was crashed by large rocks of
500 tons which fell down and about 40 persons died.

(continue)
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(continued)
*Slop failures took place burying 14 persons alive also in Formiga hill of
Tijuca Mountains.

20 (Sat.) *The rain contiuned and a three store building collapsed with instantaneous
death of 10 persons. Damage was supposed to be increasing still morere.
(220 persons died and about 10,000 persons were rescued and accommo-
dated in schools and churches etc. until February 20.)

*Whole the city of Rio de Janeiro was flooded and almost all the traffic on
the ground stopped.

(Fire-fighting teams cooperated with policemen worked for the rescue of
sufferers and exhumation of dead bodies with general mobilization.)

*[_eptospirose, a contagious disease, outbroke and 6 persons already died of
the disease.

(142 patients of Leptospiroze were being given medical treatments in
hospitals.)

21 (Sun.) *Heavy rain attacked again the State of Rio de Janeiro where heavy rainfall
had continued intermittently from the end of last week. 238 persons died,
700 were injured and 10,000 to 20,000 persons became homeless so far.
(TV asked the people for the help and offer of food, medical goods and
clothes etc. It also warned that row water from water service should not be
taken for the fear of contagious diseases.)

(Firemen were very active for the rescue of sufferers everywhere.)

27 (Sat.) *Severe floodings occurred in Manaus, capital of the State of Amazonas.
(More than 300 families took shelter.)
May
1(Tue.) *Heavy rainfall caused floodings everywhere in Rio de Janeiro and traffics

stopped.
(About 4,000 persons took shelter in schools and churches etc.)
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Table 4. Human damage at each city.

City dead injured homeless

Dugque de Caxias 3 4 702
Tersopolis 8 28 763
Nova Iguagu 6 92 849
Sao Joao de Meriti - — 332
Rio de Janeiro 86 81 10,824
Nilépolis - - 43
Petropolis 170 601 3,128
Cachoeira de Macacu - — 460
Angra dos Reis - —_ 30
Barra do Piari 1 4 765
Niteroi 2 — 19
Sao Goncalo 4 14 128
Campos - — 106
Volta Redona 1 — -

Total 281 734 18,149
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Fig.5 Types and number of “favelas”.
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Table 5. Population and number of favelas in Rio de Janeiro (1970).

Population Number of favelas
Administrative
regions Total Favelas rate (%) Total Type

A B 100 (B/A) I I I 1v

Portuaria 51,052 17,625 34.52 6 - 4 2 -
Cetro 59,457 — — — - - - -
Rioc Comprido 96,751 22,532 23.28 5 — 5 — —
Botafogo 256,250 10,885 4.25 10 2 4 1 3
Copacabana 239,256 15,585 6.51 7 — 6 1 —
Lagoa 175,586 36,537 20.81 10 1 5 3 1
Soa Cristvao 90,473 33,994 37.57 6 - 4 2 -
Tijuca 192,094 36,066 18.78 5 1 4 - -
Vila Isabel 157,980 14,011 8.87 2 e
Ramos 234,605 94,181 40.14 8 —- 7 8 3
Penha 286,892 60,619 21.13 6 - 8 7 1
Meier 364,796 75,449 20.68 0 — 3 6 1
Engenho Novo 195,619 27,300 13.96 10 1 8 1 —
Iraja 240,443 21,530 8.96 8 2 4 2 -
Madureira 267,321 20,544 7.69 6 - 11 3 2
Jacarepagua 241,017 4,526 1.88 5 - 2 2 1
Bangu . 372,433 27,463 7.37 7 - 4 3 -
Campo Grande 230,324 3,209 1.39 1 - - 1 -
Santa Cruz 92,927 1,781 1.92 1 -1 - -
Governador (I1ha) 105,651 20,032 18.96 7 - 3 3 1
Paqueta (Ilha) 3,250 — — — - - - -
Anchieta 233,037 29,841 12.81 6 — 1 4 1
Santa Teresa 64,684 11,264 17.41 5 - 4 1 -
Total 4,251,918 584,983 13.76 161 7 90 50 14
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Fig.6 Flood control projects of Baixada Fluminense (SERLA).
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Fig. 7 Locations of slope failures ip Petropolis.
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Fig. 8 Locations of slope failures in the suburbs of Ric de Janeiro.
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Photo 5 Overview of suburbs of Petropolis.
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Photo 6(a) Slope failure near the top of a hill in Petropolis.

Photo 6(b) Steep slope failure near the central part of Petropolis.
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Photo 7 Mark of the biggest debris flow in Petropolis.
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Fig. 10 Schematic figure of sediment segregation.
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Photo 8 Debris flow with many large rocks of 500 tons in total attacked Santa
Jenoveva hospital and 40 persons died.
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Fig. 11 Geology of ground surface in the State of Rio de Janeiro.
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Photo @ Houses along a river without banks in Baixada Fluminense.
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Fig. 13 Flood control project of rivers in Rio de Janeiro by SERLA.
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Fig. 14 Hourly rainfall depths at Saboia Lima from February 18 to 22.

Photo 10 Barracks in a water way in the upstream region of the Maracana.
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Fig. 15 Topography of the Maracana river and the Joana river basins.
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Table 6. Topography of the Maracana river and the Joana river basins.

Basin area Length Bed slope
River 2
(km) (km) upsteam downstream
EL.355m 1/10 Som
Maracand | 12.52 | 9.6 [f\ /150 5m
3.0km N A PP
EL.550m 1/5
Jo@na 13. 94 9.9 50m 1/150 5m
2., 4km 6,7km ___j

5.3 T I HFUNIREOFEHENR
BAKEEONRICEL TR, E-7RBEFARICHKERLHETHLENSH LD, SRDHEKTIE, RE
2 I hF VBT LRBERUSITOR TV ESH - T, HKERIZOVWTIEFHATSHS, L1z
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A dischage station

¢ pluviometer station

Fig. 16 Stations of pluviometer and discharge observation in the river basin of

the Maracana.
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Fig. 17 Tank model with four tanks.
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Fig. 18 Observed and calculated discharges by the tank model for February and March 1969.
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Fig. 19 Discharge variation with time estimated by the established tank model for the rainfall
from 18 to 22 February 1988.
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Fig. 20 Notations of slope flow.
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Fig. 21 Divided three areas of downstream river basin of the Maracana for the
equivalent catchment model.

Table 7. Dimensions and values of K and p of each divided region.

slope river

block

number side (T{‘:l%) le(nngl)th slope K P le(nr%h slope K P

1 left 0.26 380 0013 040 060 680 0.007 143 0.63
right 0.38 560 0.057 0.26 060

2 left 043 250 0.008 0.47 060 1690 0003 143 063
right 0.55 330 0015 039 060

3 left 0.17 160 0019 036 060 | 1040 0.004 143 063
right 0.54 520 0006 051 060
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Fig. 22(a) Estimated discharge variation with time at the end of block 1.
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Fig. 22(c) Estimated discharge variation with time at the end of block 3.
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Photo 12 Materials gathered in Maracana football stadium for the help of

sufferers?.
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FLOOD DISASTER CAUSED BY THE 1988 HEAVY RAINFALL
IN THE STATE OF RIO DE JANEIRO

By Hirotake ImamoTO

Synopsis

The disaster in the State of Rio de Janeiro was caused by not so concentrated but intermit-
tent continuous heavy rainfall for a long time. Many people died and injured mainly in Petropo-
lis and Rio de Janeiro by slope failures and debris flow. Many people are living in steep slopes
around Petropolis and Rio de Janeiro and some low lands in Baixada F. luminense which are not
suitable for house construction. This increased the damage of the disaster extensively.

Flood control projects are proposed by the State against floodings in Baixade Fluminense and
in the city of Rio de Janoiro. This kind of projects should be carried out as soon as possible.
And effective countermeasures such as afforestation and sabo dam construction against steep
slope failures and debris flows should be taken and the warning and sheltering system are desired
1o be established as well as the improvement of consiousness about disaster prevention and refuge
as a tentative measure. But social policy that the fundamentally needed because engineering

countermeasures are difficult to be made due to weakness of the soil and steepness of the slopes.



