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A general view of CUBATAC industrial complex and CUBATAQ City.

Air pollutant gases lanched from industrial establishment; Winds
bring gases to the mountaln side in daytime. Refinaria(lefil),
Ultrafeltil and Copebras{right}.

A large number of slope failures occured on the steep slopes upstream
of the Mojl River on Jan 22-25, 1985. Almost high trees standing on
the slopes had already been dead by 1985's disaster{right).
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An aerial view of the riprap cross dam A serles of three gablon dams

with sediment deposit mid-stream of the constructed upstream of Ultrafertil.
Mojl River. '



confluence of the Cubatdo and the Pereque River; Lower reaches of the Cubatdo River;
Flood dyke was constructed on right bank after the Industrial and residential areas are
destructive disaster in 1971. developed along the both sides.

Lower reaches of the Moji River; where river channel improvement works
are proposed in the priority project.

Monitoring on the control area Young plant of Miconia sp,
after 3 months of seeding. 50 cm tall, after 10 months
of the aerial seedling.
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1. BACKGROUND

The study area, situated in a coastal mountain and plain area 60
km south of Sao Paulo, is characterized by development of heavy chemical
industry and its tropical forest. However, since the mid-1970s, a number
of slope failures have occurred which cause sediment run-off disasters
to the industrial establishments, infrastructures and residences. These
are frequently on the steep slopes of Sera do Mar, in rainy seasons, and

mainly due to the degradation of vegetation by air pollution.

The - lower reaches of the Moji and Cubatac rivers also suffer

flood disasters, especially in the downstream reaches of the Moji river.

With the aim of restoring the damaged slopes of Serra do Mar, the
Special Commigsion has been steadily undertaking various disaster
prevention plans consisting of structural and non-structural measures,
including a vegetation restoration plan, with the support of the several

agencies concerned.

To cope with these disasters, the Goverment of the Federative
Republic of Brazil, in October 1988, requested technical assistance in a
study on sediment run-off and flood disaster prevention in this region.
In response to this request, the Government of Japan(JICA) sent to
Brazil a study team between November 1989 and September 1990 to conduct

the study.

2. OBJECTIVES

The objectives of the study are: 1) to formulate a master plan
to the year 2000 and to select a priority project, 2) to conduct a
feasibility study on the priority project by the mid-1990s, and 3)

technical transfer to the Brazilian counterpart personnel.



3. PRESENT CONDITIONS
3.1 Socio-Economy
(1) Pbpulation and labor force

‘Brazil's population in 1980 ‘was 119.0 million with a population
density of 14.0 personslkmz. This population is expected to reach 150.4
million  in'-1990 with a pbpulation density of 17.6 personsikmz; The
country’s‘labor force was éstimated to have increased to 59.5 million by
1987 with an average annual growth rate of 4.682.

The population of the State of Sao Paulo in 1980 was 25.0
million, which a population density-of'loo 9 personslkmz. This
population was estimated at -31.1 wmillion in 1987 with a population
density of 125.4 personslkm .

‘The population in Cubatac municipality in 1980 was recorded as
79,162, 'with a population density of 345.6 personslkmz.-This population
is estimated to be 105,547 in 1990, with a popﬁlation density of 713.1
personlkmz. The labor force in Cubatao was 31,576. in 1980 and is
estimated to be approximately 42 100 in 1990. The detailed popul&tion

growth and labor face are shown in Table 1.
(2} Economic performance

Gross Domestic Product (GDP) in 1988 was. Cr$ 91,952 million (US$
279.5 billion) at current prices. GDP at current prices has increased
astronomically in the last two decades due to inflation. In real terms,
however, Cr§ 12,402 million in 1980, Cr$ 13,111 million in 1985 and crd
14,613 million in 1988 at 1980 constant prices, with an average annual
growth of 2.07% for the period of 1980-88. Per capita GDP in 1988 was
Cr$ 636.7 (US$ 1,935) at current prices. In real terms, however,rit was
Cr$ 0.101 at 1980 constant prices, compared with Cr$ 0.102 in 1980,

indicating no real increase in per capita GDP.

Gross Regional Domestic Product (GRDP) in the State of Sao Paulo
was Cr$§ 64 thousand in 1970, Cr$ 341 thousand in 1975 and Cr$.4,605
thousand in 1980 at current prices, respectively. Per capital GRDP in
1980 was Cr$ 0.184, which was 1,76 times larger than that of GDP. Thiﬁ
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ratio has gradually decféased from 196 in 1970, 'and 1,85 in 1975. The
detailed data on GDP and GRDP are tabulated in Table 2.

The economic activities in the study area are dominated by the
industrial seéto:, represented by the major industrial establishments in
Cubatao municiﬁality. This is one of the nation’s largest industrial
complexes and has been in operation since the 1950s. Its main products
are petroleum, petio»éhemical products, iron and steel, chemicals, and

mixed fertilizers.
{(3) Present land use

. The total land in the study area amounting to 252 km? is
currently used as follows: 1) 5.0 km? or 2.07 of the total land is
built-up area, 2) 22.9 km? or 9.1%Z is industrial area, 3) 18.3 km? or
7.2% is'grasslahd.”and 4) 205.8 km? or 81.7% is forest and bush. The

present land use (1990) is shown in Fig.1.
(4) Infrastructure

 Inthe study area, there are four(4) arterial highway maintained
by the'state'government, S8P-150, Anchieta, SP-160 and Imigrantes.

All the residences in Cubatao municipality were supplied with
municipal water in 1988, whereas the sewerage system covers only 1% of
all the residences. Approximately 75% of the whole residences were

~covered by the electricity supply in 1988.
3.2 Sediment Run-off and Flood Damage
(1) Sediment. run-off damage

According to records on the past disasters, a large number of.
small scale landélideé on the steep slopes of Serra do Mar have occurred
every 5 to 10 years in rainly seasons. Sixtﬁ)'nmjor'sediment run-of f
have occurred since 1960: in 1962, 1971, 1976, 1980, 1985 and 1988 as
shown in Fig.2. Of the above, sediment run-off disaster in 1985 was the
largesf in scale. The dahage included destruction of machines, eguipment
and installations damage tOWinventorysstoéks, and even temporary

sﬂspension of production lines. The total direct damages and losses due

- 3 .



to this disaster was reported to amount to approximately Cr$. 17.2
million. '

(2) Flood damage

Past large scale floods occurred in 1968, Feb. 1971, Jan. 1973,
. Jan. 1976,5Nov.-1979,'J&n. 1983, Jan. 1985 and Dec. 1988. Of these, the

1971 f£lood was most serious.

In Feb. 1871, the urban area of Cubatio was inundated by river
water which overflowed from the CubatEo and Pereque rivers as shown in
Fig. 3. In addition, sea water which intruded in the low lying areas
near the marsh enhanced the effect of inundation coupled with local rain
water, and aggravated the flood. The flood damage was estimated to have
been Cr$ 18.5 million at 1973 prices, comprising ¢r$ 13.2 million in
Cubatao river basin and Cr$ 5.3 million in Moji river basin,
respectively.

' 3.3 Existing Disaster Prevention Structures

‘Major structures for sediment run-off control are-riprap Cross
dams and gabion dams in the valley areas to protect specific industrial
establishments. While, those for flood control are flood dikes to

protect the urban area form flooding as shown in Fig.4.

3.4 Non-structural Measures

Major non-structural measures in the study area haee_been
relocation of residents in danger areas a civil defense plan, air
pollution control, experimental plantiﬁg'and 80 on. The objectives of
the civil defense plan are 1) to protect residents from disasters
{evacuation plan) and 2) to eliminate situations were accidents in the
industrial establishments induced by disasters could cause dangerous

harm to the residents (management plan}.
3.5 Topography and Geolopgy

The study area is topographically divided into three(Bj;' a

plateau area, a mountain slope area and a plain area. The study area is

s




mainly dominated by migmatites, schists and sporadically intrusive
granite of Pre-~Cambrian age as illustréted in Flgs.5 and 6. The
migmatites including gneliss and quartzite are massive, sound and well
jointed. They feature. steep slopes with gradients of more than 30°,
continuous outcrops and large scale waterfalls. The schists are
characterized by gentle slbpes because of their schistosity and
fbliation, Generally, the rocks strike NE-SW and dip at 60-80 NW and are
faulted in the same direction as the strike. From the confluence of the
Cubatao and Moji rivers to the estuary, fine sand and.clayey soils with

organic matter of Holocene ape are found at swamps in the plain area.
3.6 Present River Conditions
(1) River basins and systems

‘Mainstreams in the study area are the Cubatdo river (A= 183 kmz)
and Moji river (A= 64 km%). Mein tributaries are the Perequdand PilGes
of the Cubatao river, and Piagaguera, Indio and Onga of the Moji river.
The Cubatao river with a total length of 39 km originates near the
Biilings reservoir on the nerth ﬁest plateau at an altitude of 700 m;
While} the Moji river having a total length of 18 km originates on the
north east mountain slope at an altitude of 800 m. The 10ngitﬁdinal

profiles of the rivers are shown in Fig.7;
(2) Carrying capacities of channels

Carrying capacities of the existing channels were estimated by
the.nqnuuniform flow method. The éverage carrying capacity in the lower
and middle reaches of the Cubatso  is from 800 to 1000 m3fs (w=1/5 or
more) except upstream of_the'Anchieta bridge, which is less than 500
m/s. Average capacity in the Perequé is less than 200 m3fs (w=l/2)
downstream of RFFS8A bridge and 500 mals (w=1{25) 1in the ' upstream
réaches. While, that of the Moji was estimated to be below 300 m3ls
(less than w=1/2). '

3.7 Meteorology and Hydrology
(1) Glimatic;conditions

An average annual rainfall is around 3,400mm on the mountain
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slopes-(EL;SOOﬁ) and 2,700mm in the-plan_area.;hbout 75Z of the annual
rainfall is concentrated in.the summet. The mean temperature in Cubatd@o
city is arbund 2590 in the summer and_20°c in the winter, and the mean
relative humidity=is around 741, Present rainfall stations and . their
record availability are showm in Fig.8.

{(2) Rainfall analysis

_ The average monthly rainfall fluctuates from 400 to 460 mm on the
moﬁﬁtain slopes and:from_320,to'340 mm on the plan area. Rainfall is
mostly concentrated at night. The average duration of frainfall is around
50 :hours ranging from .34 to 63 hours and about 90Z of the. total
rainfall depth has been concentrated in 2 days in the eight(8) main

floods of recent times.

-The probable basin mean rainfall and point. rainfall were

estimated by the Gumbel method as follows:
...Basin Mean Rainfall and Poiht Rainfall

- (Unit: mm)

Bésin'Mean Rainfall (Z-day) Point Rainfall {2-day)

Return - -
Period Cubatgo Moji E3-153R E3-038R
(yr) Basin Basin (Cubataoe) {Moii)
2 205.7 182.3 233.1 191.5
5 281.2° 1 249.,9 311.4 262.7
10 331.2 ' 294.6 363.3 309.9
25 394.2° 351.1 428.9 369.4
50 441.3 " 393.0 477.5 413.6

100 487.8 434.7 525.7 457.5

(3) Run-off and discharge analysis

Probable £lood run-off was estimated By using the storage
function method and design hyetdgraﬁhs of the Feb. 1971 typé in the
Cubatao river basin and the Feb. 1985 type in.the M6ji'fiver basin. The
basin was divided into subbasins as shown in Fig.9 and estimated peak
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discharges at main points are presented in Table 3.
{4) Flooding analysis

Flooding analysis was conducted by constructing a simple
hydraulic model in order to estimate inundation depths in the land
hreas.:According to this analysis, it is observed that the inundation
occurs with a five (5) year return period or more in the Cubatao river

and a flood which possibly occurs every year in the Moji river.
3.8 Sedimentation -

Channel sediment transport capacities were estimated for the
Cubatzao, Perééué and Moji rivers by three(3) kinds of sediment formulae.
0f these formﬁlae, the estimated capacities by Brown formula is most
applicable to this study. It can be seen that there is wide vafiety in
sediment capacity and therefore some reaches are relatively subject to

sudden removal of accumulated sediment.
3.9 Sediment Run-off

~ Sediment run-off is the combined effect of slope failure and
discharge"of:unStsble*torrent bed deposit. Slope failures in this study
are small: scale landslides on the steep mountain slopes. Distribution
maps of total slope failures and individual past major failures are

illustrated in Fig.l0 and 11l,and are summarized in Table 4.

The average area, depth to slip surface and volume of typical
slopae failures are considered. to ba 2,420 mz, 0.7 m and 1,700 m3,

respectively.

Slope gradient, slope configuration and vegetation conditions can
be identified as the main cause, and intensive rainfall as the trigger
of slope failures. It is found that the slopes with gradients of less
than 20° are free from slope failures, but those of greater than or

eqﬁal_to 30° are susceptible to the sldpe failures.

Vegetation degfadatidn-by.air-pollution has been recoghized as
one of the main ‘causes of. slope failures since the mid-1970s. 1In
partiéular the vegetaiion of around 80 percent of the area had been

degraded by pollution by 1977 and more than 95 percent by 1985.
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With regard to the trigger of slope .failures. the' Special
Commission has clarified the relationship between slope failﬁrés and
rainfall such as yainfall intensity and accumulated rainfall. As a
result of the analysis, G-hour_rainfall was.considered to be the best

index to estimate total area of slope failures. -

.Relationship between Slope Failures and Rainfall

Group Equation Correlaﬁion Coefficient
A .Y = 0.46(X-63.3) : 0.940

B Y = 0.30(X-80.6) 0.944

c Y = 0.21(X-80.3) 0.971

D - | =

B - -

Note: Y means total area'(103 mz) of slope failures per km?

X means 6-hour rainfall (mm)

From the viewpoint of the soil mechanism, the reduction of
apparent cohesion at the slip surface by the vertical infiltration and

the saturated zone enlargement with time are considered to be main cause

of the slope failures.
3.10 Vegetation and Soil

The forest, consisting of three(3). strata: upper, middle and
lower, is widely covered with coppices (capoeira) including some subhigh
trees of Tibouchina SP.

Soil types in the study area are Red Yellow Latosol, Red Yellow
Podzolic Soil, Cambisol and Red Yellow Latosol Intergrade Red Yellow
Podzolic Soil.

According to the vegetation maps prepéred by CETESB shown in
Fig.12, it can be seen that vegetation conditions have been remarkably
degraded since the last half of the 1970s mainly due to air pbliution.

CETESB and 1Bt have been conducting the forest restoration
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activities according to the basic plén as shown In Fig.13.
'3.11 Environment
(1) Air quality conditions

: The'study'area has a remarkable agglomeration of air pollution
sources emitted from the industrial complex in Cubatao., Facing serious
pollution over the entire Cubatao municipality in early 1980's, air
pollution control over the main pollution sources has been enforced

‘since 1984 and has attained remarkable results.

The initial emission load of 557 tons per day in 1984 was reduced
by 662 to around 187 tons per day in 1989. Arnual change of industry
products and 50,/S05 concentration is illustrated in Fig.l4.

(%) Gases hazardous to vegetation

Among the various kinds of hazardous gases observed in the study
area, such gases as Sulfufous oxides (80x), Fluoride (HF), Ozone,
Ammonia andrNitrbgen Oxides (HOx) are considered to be the main
pollutants éausing vegetation degradation. Air pollution intensity area

is shown in Fig.15.

" 4. MASTER PLAN

The outline of the master plan formulated is shown in Fig.16 and

its componénts are as follows:
4.1 Sediment Run-off Disaster Prevention Plan
(1) Basic considerations

The master plan for the sediﬁent run-off disaster prevention was
formulated on the assumption that the present vegetation conditions will
not be improved.in near future beéaﬁse of the difficulty in restoring
completely‘ degraded foresﬁ to- originai conditions by the year 2000,

Accordingly,



- a protection area .having 12 Sabo. subbasins was chosen on
grounds of probable slope failure, past major sediment run-off .
records and the properties at risk to be protected as shown in %@%
Fig.1l7. |

- a design scale of 100 years was adopted for the following
reasons; the importance of the area to be protected, the
uncertainty of natural disaster phénomena and Japanese

-standards.
(2) Disaster prevention plan.
_ _Thirtyntwo(SZ)_ Sabo dams and eleven (11) ‘channel improvement
works with a total length of 5,740 m were propdsed for the master plan
as shown in Table 5. and Fig.18., The main dimensions of the proposed

structures are shown below.

Main Dimensions of Structures

Structural Measures

Sébo

Subbasin Sabo Dams Channel Wdrks.(m)
No. _ No. Effgctive Height
1 1 10 m 860
2 3 7 m10 m,10 m 560
3 2 10 m each 530
4 | 2 8§ m,10 m 600
5 2 10 m, 5m 450
6 3 10 m each _ 700
7 6 10 m each 350
8 2 7 ml0m ; 420
9 3 10 m each 150
10 2 8 mi0 m . -
11 3 1¢ m each 560
12 3 S m1l0 m,10 m ] 560
Total 32 5,740
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4.2 Flood Disaster Prevention Plan

(1) Basic considerations

The master plan for flood disaster prevention was fbrmulated on

the basis of the following basic considerations.

- the urban ared and industrial establishments in the fluvial plain
shown in Fig.19 were determined to be the protected areas as

‘follows:
Cubatao river (RFFSA bridge - Sabesp weir)
Peréqté river (Road bridge at river mouth - Ultrafértil weir)}

Piagaguera river (Confluence with the Moji river - spillway of

Copebras estate)

Indio river (Confluence with the Moji river - RFFSA bridge)

- u-tﬁe;deéign;scéle of a 50-year returnrperiod was adopted for the
mainéﬁreamé of.the Cubatio and Moji rivers, and h 25-~-year return
period . for their tributaries by the reason of importance of
protected area and the criteria applied in the State of Sao

Pﬂulﬂ .
~(2) Disaster prevention plan

0f the conceivable altetnative schemes shown in Fig.20, schemes
of €-2(2) in the Cubatao river basin and M-2 in the Moji river basin
ﬁere selected as the optimum plan on the basis of least cost as shown in

Fig.21.

Scheme C-2(2) consists of 2 tunnels of 600 m each and river
channel improvement of 6.7 km, and scheme M-2 consists of 9.5 km of

river channel improvement.
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Work.iteﬁs Quantities

Cubstag River System

Construction of diversion tunnel 600 m

Channel improvement ' ' ' 6.7 km

Mo ii River'System

Channel improvement

Mo ji 4.5 km
Piagaguera 3.7 km
Indio 1.3 km

4.3 Forest Restoration Plan
{1) Basic considerations

The prééent forest restoration plan of the S$tate of Sao Paulo
includes two stages, namely first stage; planting and aeroseeding or
pioneer species, and second stage; replaﬁtétion of the climax species in

Capoelra area.

According to the monitoring survey conducted by CETESB on
February 1990, first stage’s works is judged to have finished with
success results satisfactorily. Therefore, the second stage of the
present fdrest restoration plan can be adopted as the master plan

project with a target year of 2000.

Twenty(20) areas shown in Fig.22 were selected as the strategic
replantation areas with a catchment area of 0.4 ha, respectively,

(2} Forest restoration plan

Replantation of one thousand trees in each wood area was proposed

for the master plan. The work items and quantities are as shown next.
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Item : : Quantities

Selection of climax species -

Seedling production 24,000 units
Service roads restoration . ' 35 km
Topographic works 80,000 m?
Planting works 20,000 units

Méintenance works 20,000 units

Support works -

4.4 Non-structural Measures

Non-structural measures, in combination with structural measures,
are effective and of vital importance in minimizing damage from natural
disasters. From experiences Japan, the following points can be

suggested.

- Preparation and publication
- S8implification of existing judgment and information
transmitting systems

- Prompt and accurate management of existing observation stations
4.5 Implementation Program
(1) Implementation schedule

The impiementation schedule of the master plan was prepared by
taking into account the construction sequence and conditions. The total
project period was assumed to be 10 years, in which the project period
was divided into two(2) stages: the first five(5) years (1991-1995) and
the second five(5) years (1996-2000). Implementétion schedules fdr
sediment run-off and flood disaster prevention works, and forest

restoration plan are shown in Fig.23 and 24.
(2} Construction cost

The construction cost of the master plan on a financial basis was

estimated for the. sediment run-off and flood disaster prevention works

- 13 .



* as given below. The price level was set at the end of June 1990 and
official exchange rates were fixed as US$1.00 = Cr$60. The detailed
financial cost is tabulated in Table 6. ' _ %g%

(Unit: US§ million)

Ttem Financial Diréét . Indirect

Sediment Run-off

Prevention Plan _ 75.0 45.9 29.1
Flood Prevention - Cubatao 43,2 . 25.5 .17.7
Plan _ _
- Moji 22.7 13,9 8.8
Forest Restoration 2.0 1.7 0.3
‘Plan : ' '
Total 7 L 142.9 . 87.00 . 35.9 .

4.6 Project Justification

(1) Economic cost
The economic cost was eStimated'as'follows:

(Unit: US$ million)

Sediment Run-off Flood = Disaster  Prevention

Ttem Prevention .
Cubatao Moji

Direct Construction Cost 41,1 23.3 ' : 2.7
Compensation Cost 0.06 : -0.06 . . G.08.
Administration Cost _ 2.1 1.2 . 0.5 .
Engineering Services 4.1 ' 2{3 1.3
Physical Contingency 7.1 4.0 2.2

Total | 544 130.9 . 16.9
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(2) Economic benefit

The economic benefits wére estimated as the reduction in damages

or losses to damageable properties, which will be brought about by

implementation - of .the designed - disaster prevention works. Prohable

damages .and annual damages were estiamted as follows:

Probable Sediment Run-off Damage and Annual Damage

{(Unit: US$ million)

Return Period

Sabo - . Annual
Subbasin 5 25 50 100 Damage
1 - - - . -

2 0.4 6.0 7.0 7.7 0.8
3 0.3 4.6 8.1 8.1 0.6
4 0.3 0.5 0.6 0.7 0.2
.5 0.1 . 0.1 0.1 0.2 © 0.1
6 0.2 - 0.3 0.8 0.1
7 1.9 4.6 6.3 0.8
8 0.5 0.6 0.6 ©0.1
9 0.1 0.6 0.8 1.3 0.1
.10 0.1 1.4 1.9 0.1

11 1.4 2.2 2.7 3.1
12 0.9 - 2.4 9.5 12.7 0.6

Note: 1 US§ =:60 Cr$

Probable Flood Damage and Annual Damage

(Unit: US$ million)

Return Period

Basin Annual
- 2 5 10 25 50 100 Damage

Cubatao 1.1 1.8 2.5 . 6.6 7.8 1.2

Moji 0.9 1,4 ‘2.1 . 2.8 3.1 0.9

Note: 1 US$ = 60 Cr§
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(3) Economic evaluation

§§%

Economic evaluation was carried out to assess economic viability
by comparing economic costs and benefits.. The Economic Internal Rate of

Return (EIRR) was used as the criterion as shown in the following table.

Sediment Run-off 'Flood Prevention Plan

Item Prevention Plan

Cubatao Moji

EIRR (2) 1x.2 3.4 : : 8.3

(4) Project justification

.The master plan for the sediment run-off prévention wofks could
be justified solely by EIRR .of 11.22 quoted -above. When the
unmeasurable social impaéts and_'intangible damages which would be
induced from sediment run-off disasters are taken into account,'this

master plan was judged to be highly viable for implementation.

When regard to the master plan for the flood protectioﬁ works,
' major industrial establishments are at high risk of recurrent inundation
from the Moji river and its tributaries, In.considefing the future land
use plan envisaged for the Moji river basin,:the:probable flood damages
in future is likely to increase significantly as compared the present
projection. If this is combined and with the economic evaluation the
flood protection works for the Moji river basin is also highly viable.

The master plan for the forest restoration would be justified

from effective erosion control aiming at preventing sediment run-off and

flood disaster in the middle and long term.

5. SELECTION OF PRYORITY PROJECT

The priority project targeted on the ﬁid«l9905 was selected from

the master plan as follows. The outline of the priority'pfojeét is shown
in Fig.25.
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5.1 Sediment Run-off Disaster Prevention

Priority project was determined as shown below in accordance with -
the two selection priorities; the probability of serious disaster and
EIRR. As a result, nine(9) Sabo dams, and six(6) channel works in
‘seven(7) subbasins were selected as shown below. These structural
measures were designed for the probable sediment run-off discharge of

about & 25-year return pericd,

Subbasin

Item 1 2 3 4 5 6 7 8 9 10 1l 12

1st criteria + + - + +

2nd criteria (-) 12.7 14.7 2.4 1.8 2.1 17.0 9.1 3.9 11.8 11.9 12.9
EIRR (X)

Priority Project  * * ‘ * * * * *

Note: + means first priority subbasins having possibility of flowing
out toxic gases and liquid in sediment run-off disaster

* means selected priority project
5.2 Flood Disaster Prevention

About 4.5 km of channel improvement and flood dike construction
on the Moji river,.including the lower reaches of some tributaries were
selected for the priority project because of their higher economic
viability and the circumstances of recurrent'inundation. These

structural measures will be designed for a l0-year return period.
5.3 Forest Restoration Plan
Forest restoration works to be done by 1995 were selected as the

priority project in accordance with the implementation program of the

master plan.
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The quantities of the forest restoration

project is summarized below:

works in the : priovity

Item

Quantities'

Selection of climax species
Seedling production

' Service roads restoration
Topographic works
Planting works
Maintenance works
Support works

-

24,000 units
35 kamm .
80,000 m?
20,000 units
20,000 units

The prdject cost for the pfiority project was estimated on the

basis of the restoration plan in the master plan as shown below:

(Unit : US$ 1,000)

Item

Project GCost

(1) Diréct Cost

. Service road 175

. Topographic works 70

. Seeding production 96

. Planting works 80

. Maintenance works 20

. Management works 600"

. Monitoring by. aerophotos _50_
Sub-total 1,101

(2) Contingency (20%) 224
Total 1,325

6. FEASIBILITY STUDY ON PRIORITY PROJECT
6.1 Preliminary Design and Work Quantities

(1} Sediment run-off disaster prevention works

The preliminary design for the sediment run-off disaster
preventlon works was carried out based on the design criteria in Japan

- 18 -




as shown in Fig.26 ané 27. The work quantities of the sabo dams, channel
works and groundsills are shown in Table 7 and they are summarized
below. '

Dam Channel Works Groundsill

Dam No. R —
H (m) V (m°) L (m) Nos V (m>)

2-1 13 22,000 530 4 1,200
3.1 14 9,800 490 1 200
7-1 12 3,600 250 5 1,000
7-3 14 3,800 - .. ,
7-4 12 2,000 - - -
8-l 11 3,700 440 4 400
10-1 9 1,100 - - .
11-1 14 7,300 410 11 1,100

12-1 13 4,900 750 9 . 900

Total 58,200 2,870 3% 4,800

Note: H; Dam height ' V; Volume of structure L; Total length

(2) Flood disaster prevention works

The preliminary design for the flood disaster prevention works
was conducted in accordance with the criteria in Japan as shown in
Fig.28 and 29, The work quantities of the river improvement works are as

shown in Table 8 and they are summarized below.

Component Type of Structure Quantity

Dike 265,000 m>

Excavation : 334,000 m°

Dredging 141,000 m>

Revetment Wet masonry 9,800 m®

Culvert 1.5m x 1.5m (6 sites)
2.0mx 2.5m (1 site)

Intake Weir Concrete '

Parapet Wall Concrete . A

Road Bridge ' ' 40.8 m

Railway Bridge 130.5 m
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6.2 Constructiog Plan

The contract system considering the participation of foreign
contractors associated with Brazilian contractors are proposed to

execute the'project works.

The projects will be proposed to be executed with four (&)
packages taking into account the project scale, amount of construction

costs and secure implementation.
6.3 Cost Estimate

The construction cost. for the priority project was estimated
bagsed on the  preliminary design and construction plan. ‘The basic
assumpiions and conditions adopted.for the cost estimate are basically
the same as that of master plan stage., The detailed financial cost is
tabulated in Table 9.

The construction costs for the priority projects in the financial

basis were estimated as follows:

(Unit: US§ million)

_ : Sediment Run-off Flood Disaster Prevention
Item . Prevention Works Works Moji River
- Flc LIGC  TOTAL F/C L/C TOTAL,
I Preparatory Work 1.6 1.2 2.2 0.2 0.1 0.3
(5-152 of II}
IT Construction Cost 7.0 7.8 14.8 4.0 3.1 7.1
TII Compensation Cost 0.1 0.1 0.2 0.2
IV Administration Cost 0.9 0.9 0.4 0.4
(51 of T + II)
V Engineering Service 1.4 0.3 1.7 0.6 0.1 0.7
(102 of I + 1II)
VI Physical Contingency 1.4 1.5 2.9 0.7 0.6 1.3
(157 of I+ITHIIX+IVHV) :
VII Price Contingency 1.5 1.6 3.1 0.8 0.6 1.4
(F/C 3%, L/C 3I)
Total 12,3 13.4 25,7 6.3 5.1 11.4
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(Unit : million USS$)H

Construction Cost

Works
Direct Indirect Total

co
~
3%}
15}
~

(1) Sediment run-off disaster 17.0
prevention works

Basin 2 6.0 3.0 9.0

Basin 3 2.7 1.3 4.0

Basin 7 2.7 1.4 4.1

Basin 8 1.1 0.8 1.9

Basin 10 0.3 0.1 0.4

Basin 11 2.2 1.1 3.3

_ Bagin 12 2.0 1.0 3.0

(2) Flood disaster 7.4 4.0 11.4
prevention works

(3) Forest restoration works 1.1 0.2 1.3

Total 25.5 12.9 38.4

6.4 Project Economic Evaluation

(1) Economic cost

The constitution and concept of the economic cost for the
priority project was assumed to be the same as applied in the master
plan. The economic cost for the priority project was estimated as

follows:
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{Unit : million USS)

Economic Cost

‘;Wprks Direct Indirect =~ Total

(1) Sediment run-off disaster 15.1 - 4,9 o 20.0
"preventicn works :

Basin 2 5.4 A T SRR 2 1

Basin 3 2.3 0.8 3.1

Bagin 7 2.4 0.8 3.2

Basin 8 | 1.1 0.3 1.4

Basin 10 ’ 0.2 -0.1 0.3

Basin 11 . 1.9 0.6 2.5

: Basin 12 : 1.8 0.6 2.4

- {2) Flood disaster 6.8 2.2 9.0

prevention works

Total ‘ ©o21.9 7.1 29,0

(2) Economic benefit

The economic benefits were estimated as the reduction in damages
or losses to damageable properties, which will be brought about by
implementation of the designed disaster prevention works. Probable

damages and annual damages were estiamted as follows:

Probable Sediment Run-off Damage and Annual Damage

(Unit: U85 million)

Return Period

Sabo ' Annual
Subbasin 5 25 50 109 Damage
2 1.2 6.0 -7.0 7.7 0.7
3 0.3 4.6 6.2 8.1 0.4
7 1.9 3.6 4.6 6.3 0.6
8. 0.7 0.8 1.1 1.4 0.2
10 0.1 0.6 1.4 1.9 0.1
11 1.4 2.2 2.7 3.1 0.4
12 1.0 3.0 8.6 11.4 0.4

Note: Annual damage with the design scale of
approximately 25-year return period
1 US$ = 60 Cr$
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Probable Flood Damage and Annual Damage

(Unit: US$ million)

© _Return Period

Annual

Basin S -
o 2 5 10 25 50 100 Damage
Mojl 0.9 1.5 2.0 2.1 2.4 2.5 1.0

Note: 1 US$ = 60 Cr$

(3) Economic evaluation

An economic evalustion was carried out to ascertain the economic
viability of the proposed projects by comparing the economic costs and
benefits. The Economic Internal Rate of Return (EIRR)iwas'épplied”ﬁs a

criterion for sconomic evaluation.

Works/Sabo- Sub-basin - ' "EIRR (1)

Sabo Works

2 13.3

3 17.8

7 ' o 23.5°

-8 : . 16.8

10 _ _ : 30.1
1 . 21,2

12 ' 22.3

Total 18.2

River Improvement Works 11.1

6.5‘Environmental Tmpact Assessment

" As a result of environmental impact assessment "based on the
guide-line of the State of Sao Paulo, the environmental effects of the
priority projects will be generally'limited to the construction stage.
However, the magnitude are expected to be small, because the impacts are

tentative and effective Countermeasufes will ~Dbe ‘taken during
construction of the projects. ' ‘

~ 23 _



6.6 Project Justification

Overal) economic evaluation of the Sabo works, consisting of 7
Sabo sub-basins, shown an EIRR of 18.2%7. Of the abbvé, sub-basin No.7,
10, 11 and 12 were analyzed to exhibit quite high economic return of
more than 20%. On the other hand, the Moji river improvement works shown
an FIRR of 11.1%.

For the above-mentioned reasons, both the sediment run-off and
the flood prevention works could be justified. Moreover, taking into
account unmeasurable social impacts and intangible damage, these

projects were judged to be highly viable for implementation.

7. RECOMMENDATION

1. The proposed priority project for the éediment run-off and flood
disaster prevention works is strongly recommended to be implemented at
the earliest possible time because of eminent social request from high
potential of disaster, as shown that the project is technically feasible

and economically viable with high economic return.

2. It is well known that the forest restoration plam is very important
to protect industrial establishments and inhabitants from sediment run-
off and flood disasters. Therefore, basic study on the relatiomship
between vegetation changes and air pollution, and monitoring on the
aeroplantation should be carried out in continuous and effective methods

as applied presently,

In considering uncertainty and difficulty in predicting accurate
time and location of occurrence for the sediment run-off disasters, the
present civil defense plan and forest restoration program are élso
strongly requested to be continued as effective counterﬁeﬁsure§ which
are complementary to the proposed priority project in order to restore

forest in Serra do Mar.

3. Prior to the detailed design and during.the gonstrUctibn;_it iz also
recommended that pgeotechnical investigations for bearing _capéﬁity “of
foundation, cutting slope stability and bank materials should be carried
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out because of complex geological conditions in the project area of the

priority projsct.

4. Other projects in the Master plan especially diversion tunnel works
including open channel through the marsh area, which were not selected
as the priority project, could seem to cause relatively serious impact
on mangrove and its neighboring environment. From the above, detailed
environmental impact assessment should be undertaken before the project

is implemented.
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TABLE 7 WORK QUANTITIES FOR SEDIMENT RUN-OFF DISASTER PREVENTION WORKS

Unit m3

Dam No. Item Dam Channel Groundsill Total
2-1 v 22,000 ( 530 m ) 1,200 23,200
Ve 35,200 70,800 15,700 121,700

3.1 v 9,800 ( 490 m ) 200 10,200
Ve 8,500 31,200 100 39,800

7-1 v 3,600 { 250 m ) 1,000 4,600
Ve 10,300 39,400 10,500 60,200
7-3 v 3,800 { O0m) - 3,800
Ve 2,400 - - 2,400

7-4 Vv 2,000 ( O0m} - 2,000
Ve 1,200 - - 1,200
Sub-total V 9,400 { 250 m ) 1,000 10,400
Ve 13,900 39,400 10,500 63,800

B-1 v 3,700 ( 440 m ) 400 4,100
Ve 6,400 23,200 4,000 33,600

10.-1 \' 1,100 { 0m) - 1,100
Ve 600 - - 600

11-1 v 7,300 ( 410 m ) 1,100 8,400
Ve 4,400 12,300 15,700 32,400

1z-1 v 4,9b0 ( 750 m ) 200 5,800
Ve 3,900 64,000 12,000 86,900

Total - v 58,200 { 2,870 m ) 4,800 63,000
Ve 72,900 240,900 65,000 378,800

Note : V ; volume of %tructure
:g Ve ; excavation volume



TABLE 8 WORK QUANTITIES FOR FLOOD DISASTER PREVENTION WORKS

Item Unit Quantity
(1) Dike (L=9.3km) _
1) Gravel metalling m3 6,600
2) Excavation m3 329,000
" 3) Dredging m3 141,000
4) Embankment - m3 255,000
$) Sod Facing m2 111,600
" {2) Revetment (L=1.45km)
1) Wet stone masonry m2 9,800
2) Concrete block m3 170
3) Berm concrete m3 120
4) Gabion m3 2,900
(3) .Culvert (6 Sites)
1) Excavation m3 2,300
2) Concrete m3 550
- 3) Reinforcement bar ton 30
4) Form - m2 960
5) RC pile m 136
6) Gate ton - 8
" {4) Intake Weir (1 Site) : _
1) Excavation m3 2,000
2) Concrete m3 . 270
é 3) Wet stone masonry m2 ' 460
4) Concrete block m3 840
(5) Parapet wall (1 Site) -~
- 1) Excavation m3 680
2) Concrete m3 310
3) Reinforcement bar ton 25
4) Form . m2 870
(6) Road Bridge (1 Site)
1) Embankment. . m3 5,100
2) Super structure (Steel) ton _ 74
3) Sub structure (Concrete) m3 350
4) Steel pile m 450
(7) Railway Bridge (1 Site) '
1) Embankment m3 5,240
2) Ballast m3 550
3) Super structure (Steel) ton ' 270
4) Sub structure (Concrete) m3 440
5) Steel pile m- 620
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