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FOREWORD

.Iﬁvsequence to the commencement of the $3o Paulo Forestry Research
Cooperation Project to establish watershed management technigues in the
gtate of S3o Paulc of the Republic of Brazil, the Japan International
Cooperation Agency sent an implementation design team headed by
Mr. Ikujiro Osaki, Disaster Inspector, Division of Forestry Conserva-

tion, Forestry Agency, in July, 1980.

The implementation design was intended to establish various test
prograﬁéfconcérniﬁg water requlation and soil conservation necessary
for the transfer of watershed management techniques, to design necessary
testing facilities and also to conduct survey and study on simple
soil conservation methods necessary for the study of water regqulation

and soil conservation.

This report gives the results of the above-mentioned survey and
is expected, hopefully, to serve as an important technical guide

for the future development of the project.

Finally, I wish to express my sincere thanks to those officials
in both countries who gave generous support during the course of the

survey and also to the members of the survey team.

October, 1980

Katsura WATANAEBE

Director,

Department of Forestry and
Fishery Development Cooperation,
Japan International Cooperation
Agency S
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I INTRODUCTION

1. Objectives of the Survey.

o - [T PR

Sd#o Paulo State of Brazil is making rapid progress as an
international modern and wide urban area. However, with the pro-
gress of agriculture and stock-farming in mountainous districts
over the past 2 centuries, the problems of soil conservation,
water pollution, etc. arise. To solve the problems, Japan was
requested to provide technical cooperation for the research

project of S¥o Paulo Forest Institute.

) Among the fiélds‘gf research éooperation on watershed management
E;chniques, logging technigues, remote sensing technigues and
shallwood utilization techniques, the present survey was concerned
with watershed management techniques. It was thus intended to design
annual experiment programs and model facilities necessary for the
ffansfeg of methods of research on water regulation and soil
conservation and also to study simple soil conservation methods
fpr the recovery and prevention of the devastation in mountainous

t
areas.

2. " Composition of the Survey Team

Name Responsibilities Current position

OSAKI, Ikujiro General Disaster Inspector,

’ Forestry Conservation Division,
Guidance Department,

. Forestry Agency

MIKI, Shuichi Coordinator Payroll Division,

: ' Personnel Department:, JICA

YAMAGUCHI, Iwasuke |Test planning Technical Adviser,

forestry Engineering
Consultants
TAKAGI, Yasuo Ferestry .. | Acting Chief of Forestry
; 7" [conservation | Conservation Research,
planning Forestry Engineering

i
M

L I - Consultants Institute

TATENUMA, Kei Forestry .| Assistant to the Chief of

B conservation ’ Forestry'Conservation Research,
design : | Forestry-Engineering Consultants
R n swoweeo | Institute - o A




Survey Schedule
bate Hemarks
1980
July 8 . Tue. Leaving Narita, (All membars}
9 Wed., Arriving Sao Paulo. Briefing with experts on survey
items and schedule. {All membors)

10 Thu. Courtesy call on the Japanase C:msultage Genaral,

- Sio Paulo Office of the JICA and the Sao Paulo
State Forestry Institute; briefing on data. (All
members)

11 Fri. Briefing with the Sac Paulo Forestry Institute and .
experts. {All members) .

12 Sat., Collection and arrangement of material on the

’ . implementation design survey with experts, teo-

13 Sun. To continue the above and preparaticns for the
field survey, (All members)

t-' v N v e ‘ T g‘

14 Mon, Field survey of Cuunya area. (All members)

15 Tue. To continue the above. (Consul General and the
pirector of the Sao Paulo State Forestry Instltuta to
inspect Cuunya.) (ALl members)

16 Wed, 1. Briefing with the S3o Paulo Forestry Institute and

experts; briefing with the Japanese canaultate
General. (Osaki, Miki,)
2; Field survey of Cuunya area, ('!amaguch:t.
Takagi, Tatenuma,)
17 Thu. 1. 530 Paulo - Brasilia.
Briefing with the Japanese Embassy, JICA
. Brasilia QOffice, experts, 5S3c Paulo State
Forestry Institute; courtesy call on the Planning -
Board, Ministry of Forefgn Affairs, Hinlstry
of Agriculture. {ODsakl, Miki.)
2. Same as above.
18 Fri, 1. bBrasilia - 53o0 Paulo. (Osakl, Miki.}
Briefing with experts. (All members)
2. Collection of data, (Yamaguchi, Takagi,
Tatenvma.)

19 Sat. 1. 1leaving S3o Paulo.” " (Osaki, Miki.)

2, Arrangement of data. (Yamaguchl, Takagi,
Tatenuma, ) . : N

20 Sun. [‘ -2, Same as above.

21 Hon. 1. Arriving Narita. (osaki, Miki.)

e - - -

. 2. Fleld survey and arrangement of its results and
August 7 “Thi. ” data. (Yamaguchi, Takagl, Tatenuma.)

8 Fri, . Briefing with the S2o Paulo State Forestry Institute
and experts. (Yamaguchi, Takagi, Tatenuma.)

9 sat. Leaving S Paulo, e

11 Mon. .- Arriving Narita,

Spaen



e .o e~ .11, SCOPE OF THE SURVEY

1. Introduction - .
;.11 Outline ' of the Implementation of the Survey
{1) Discussion with the officials concerned

This surveyfwas executed, based on extensive discussions
about survey policies, survey contents, etc. with JICA officials
in charge, Mr. Nakano (Director of Disaster Prevention Depart-
ment of Forest Research Institute), Mr. Endo (Director of
Manhéemeﬂﬁ bePartmént, Hoﬂkaido Branch of FRI) and Mr. Ohsaki
(Disaster Inspector of Conservation Division, Forestry Agency)
who made a field survey as the members of preliminary survey

team, consultation team and experts.

Particularly in the execution of the field survey, cleose
contacts were kept with the officials of Sao Paulo Forestry
Institute, and with Team leader Nakano and chief researcher
.Kudo dispatched as experts, to be given their guidance and co~
operation in.the field working, data collection and technical

problems,

1.2 Survey Items
-(1}) Annual experiment programs for watershed control

Annual experiment programs are made on the setting of
the experimental watershed, setup of measuring instruments
sich as water gauges, rain gauges, meteorological instruments
or’ instrument platforms, and evapo-transpirometers in forest
land, ds well as method of investigation on basic conditions
" of ﬁafe}éhea; hydrology, data arrangement, forest hydrological
analysis, devastated laqd survey and simple soil conservation

works etc, -



{2} Determination-of locations for watershed management
models and their design

(a) WwWater balance facilities (lysimeter)

Purpose:

Number of

Structuge:

Comparative study on water balance concerning
rainfall, infiltration, runoff, transpiration,

etc. by type of covering vegetation
installations: 3

Plane lysimeter

Made of concrete; inner d;gmeter 10m X 10m,

.Depth 2m

Bottom; gravel 30cm, land fill 150cm, space 20cm
With a head race pipe and a gauge unit

(water chamber, 60° V-notch, stage recorder)

(B) oOverland flow facilities

Purpose:

Number of

Comparative study on the overland outflows
of water (including interflow) and sediment by

type of covering vegetation

installations: 3

Structure: In the maximum gradient direction on a

mountainside slope, a 30m long and 20m wide
section is surrounded by 1.2m high concrete
boarding (1.0m embedded) on the three sides of
top and both flanks, and at the bottom are
installed a 0.8m high and 1.0m wide éedimént
chamber, a géﬁgq unit consisting of a head race
pipe, water champer with 60° V-notch, and a

stage recorder.



{C) Gauging facilities

o Purpose: Study concerning the relation between the types

of covering vegetation and water runoff
Number of installations: 4

Structure: Open channel type or weir type, according to
the condition of the site. A dam for soil
saving and regulation is provided to allow prompt
and correct measurement of low flow as well as
flood discharge. The open channel is triangular
in secgion, and the weir has double section

with V-notch. A stage recorder is installed.

A measuring instrument to obtain a cor-
- - relation formula between stage and mean velocity

is prepared.

(D) Compartment of dividing of experimental watershed and
’ topographic surveying
Purpose: The catchment area of the experimental water-
shed (area D) is measured to clarify the area,

gradient, and condition of torrents.

(3) Study on simple soil conservation works

To study simple soil conservation works functionally and
economically applicable to the local conditions, investigations
_-afé executed oﬁ soil structure, soil type, river water gquality,
intensity of devastation, vegetation, etc. A study of the
siﬁﬁiélsoilvéonservation warks and a design of standard con-

struyction methods as a models are executed.
(3) Survey on river water quality

River water is investigated as to acidity, turbidity,
organic matters, salts, etc., to obtain basic data for

mountain conservation measures.



{B) Geologic survey

Surface geological survey and survey by soil auger
. are made to investigate the structure, strengths of com~
pressions, etc. of soil layers, as basic data for planning
of simple soil conservation works and designing of water-

shed management model facilities.

(C} Soil survey

Soil profiles and physico-chemical properties of
soils are investigated, to obtain data for censidering
mountain conservation measures, Main survey items are

so0il profile, pH, solil hardness, grainning, etc.

(D) Investigation of devastated land area

Typical devastated regions are investigated as to
location, area, type, gradient, eroded depth, existence
of spring water, geologic structure, etc., to clarify the
mechanism of devastation, as data for considering simple

soll conservation works.

(E) Study of simple soil conservation works

Simple soil conservation works are studied by type

and mechanism, to design models.

1.3 General Conditions of Survey Area

(1) ‘Topographic features, geologic structure and weather
conditions
The Serra do Mar and the Serra do Quebra Cangalha lie
in parallel to the coastline from east-northeast to west-

southwest, forming highland of about 1,000 meters above

the sea level,

Parallel, and north of the hlghland beyond the pParaiba
ravine, there lie the Serra do Manti Queira at about 2,000

meters abvoe the sea level.



. The survey area is located at the south end in the center
of the highland, occupying the area in the upper stream and

on the right side of the Rio Paraibuna.

The Rio Paraibuna flows parallel to the coastline toward
the west-southwest, at 20km teo 30km from the Atlantic Ocean,
and joins the Rio Paraitinga at Paraibuna into the main river,
named Rio Paraiba. It irrjgates several artificial lakes,
and takes a U-turn at about 50km of the east from Sao Paulo,
to proceed to the east-northeast in the Paraiba ravine, ac-
cepting large and small tributaries. Then, it passes to the
north of Rio de Janeiro at 50km to 100km from the coastline
and parallel to it, flowing into the Atlantic Ocean near
Campos City. It is a large river with a total length of about
800km, and a watershed area of about 57,000km2.

{See Fig. 1, Topographic secticnal view.)

Since the original flow of the Rio Paraibuna is 1,860m
above the sea level, the mean gradient of the entire river is

0.23%, and that of the upper stream is about 0.7%.

As for the geological structure, the mountainous zone

of the survey area {to be temporarily called the Paraiba

Highland) forms a stratum called Complexo Cristalino-

‘Brasileiro of Precambrian age containing mylonite granites,

gneisses, crystalline schists {mica schists, quartz schists),
granites and basic diabases intruded in the Mesozoic era
partially. )

{See Fig. 2, Geologic map.)

In the lowland of the Paraiba ravine (Bacia de Taubate),
there is Taubate layer consisting of siltstones and sandstone
sedimented in lakes and in the river. In the flood plain

along the river, aAlluvium is distributed.
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\Rivers are genekally‘so—called ravines flowing parallel
to the mountains. Falls with rocks of exposed gngissés are
observed at intervals of a few kilometers, méinly at ?be curves
of the main river. The tributaries have several falls in the

upper reaches and at the inlet to the main river.

These falls, acting as ideal natural dams, together with
the peculiar regime of making a 180-degree U-turn, effectively
suppress the progress of topographic dissection of the water-~

shed area.

As for the topographic featurés of the Pﬁraiba Highland,
they comprise low mountains partially with steep cliffs like
camel's humps at the top. On the middle slopes and at the feet, the
slopes descend mostly at low gradient of about 10 to 20 degrees.
The drainage density is low, and the land features are like
peneplains. On the middle slopes of the mountains, saprolite
is thickly sedimented.

Az for the topographic features of area D (tributary)
where model facilities will be installed, the stream gradient
are 0.8 to 1.5% in the lower stream, 10% in the middle stream
(5%, if the falls with exposed rocks are excluded), and 10% in
the upper stream (about 1% in the swampy zone), and the
mountainside gradient are 10 to 15 degrees at the feet, 15 to

"25 degrees on the middle slopes, and 30 to 45 degrees at the
top with protrusions like camel’s humps,

The natural environment in the entire S3o Paulo State is
as éhown in Table 1. The monthly mean highest temperature is
‘§S.6°c, while the lowest one is 16.1°C, maximum temperature
is 32.8°C, while minimum is 6.9°C. It is a land of everlasting
summer in the north of the subtropical zone. K

- 10-



The dﬁnual‘ﬁean precipitation is 1,453mm, and the highest
rainfall is 103mm. The rainfall concentrates in a peirod from
September to April, and the dry season period is from May to
the end éf August, with about 10 to 40mm of rain per month.

According to Koeppen's climatic chart, the area near the
seashore belongs to temperate humid climate, the inland to
temperate summer rain climate, and the northern seashore to

tropical rain forest climate.

Since the Paraiba Highland are affected by the Serra do
Mar, the annual mean rainfall changes heavily baetween 3,000
and 1,300mm from the south to the north.

(See Fig. 3, Rainfall-distribution diagram.)

The survey area belongs to a zone with a rainfall of
1,450mm. According to our observation from July to August,
the sea wind coming from the southeast brings dense fog and
long-continued rain from the mountain tops every day in the
afternoon, blowing down to the foot of the mountains, the fog
disappearing like a Foehn phenomenon. Depending on the eleva-
tion above the sea level and the topographic features, the

precipitation is expected to vary extremely.

According to Koeppen's climate classification, the Paraiba
Highland are judged to belong to temperate humid climate at
heights above 1,400m above sea level, and to tropical rain forest

climate in the land lower than 1,400m.

(2) Scil texture, soil £&pe, forest type, water quality, etc.

In the cut faces of the roads in and around the survey
area, yellowish brown to reddish brown weathered soils

containing crumbly scorias of white quartz are observed to

continue for more than 20m.

4
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Table 1

Natural Environment of S#o Paulo
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This is saprolite which contains structures and textures -

of granites or gneisses as the parent materials. RO

N

Sapioliﬁe is a product of éeochemical wéhthering of

Lo
3

N minerals through the main action being leaching by water, and.-

Tk Yaw e

oxidation by atmosphere.

- R

»‘ g

Granites and gneisses mainly comprise silicate ‘and alumlna

Silicate is slightly soluble in the natural range of pH.

alumina is soluble in acid and alkaline solutions, but

is not soluble near neutrality.

at the initial weatherihg; silicate moves partialif and
seepage water reacts with the surface of feldspars, eliminating

cations partially from feldspars and mafic rocks. .

Then,~%eldspars are altered to kaclinite and @iéa type

clay minerals. . K @

Mafic rocks.are oxidized losing Fe0, forming Fez03.

In succession, saprolite on the surface_iayer is affected

) by’strong leaching, to start the production of soil.

In soils, the removal of silicate continues, but quartz

Y

is insoluble and aceumulated,

Ferric oxide (Fe,0,) is accumulated in the stratum likeipodsol.

¥

) The above is the production process of saprollte and soil.
The very thick saprolite stratum in the- Paraiba Highland\
has been caused by the warm and humid subtropical climate,
Eausipg such chemical actions as leaching, oxidation, and
reduction. The reasons why this stratum has been preserved, *
without being eroded, are the area has been covered with:
jungle of evergreen broad leaved trees which resist forest

™ ' a
i 2 Py
-

A
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fires, wind damage and. insects damage, since' the geological
age under the warm and humid climate as well as a topographic
feature.
xllfbrééfsnafuihiétdigfricf are said £o have been axed 150 years
ago.) ERR ' - ' /
-With respect to the problem of soils, soils are said to
be, formed by five factors: (i) climate, (ii) country rocks,
{iii) biological activities, (iv) topographical features and

(v) time.

Of. the above, what we can control in the light of water-

shed management :is limited to bioclogical activities.

The pH (H+) of water concerning the decision of soil type
has close .relation with the humic substances of soils. The
humic substances. supply nitrogen indispensable to the growth
-of plants, concentrate mineral particles, making them into
crumbs of organic minerals, secure better aeration, and
" improve the circulation of water. Thus, the growth of bacteria
‘and other microérgéﬁiéms in the soil is promoted, making possible

fﬁe'iuxuriant_groﬁfh of vegetation as a supply source of humus.

. E
-

The fact that a certain specific type of vegetation is
-maintained for a long time means that the type of vegetation is
adapted for the envircnmental conditions of the land, and that
the coarse organic matters such as dead branches and leaves
and the temperature, humidity, shade condition, etec. which
paftigipate in fhéirhhumié decombositibn are fitted to_the
Eype of vegetatioq, At the same time a certain balance in the
cycL; of the production and consumption or disappearance of

humus_is enough to keep.

) mhis balance can!be_impfoved into a“morekp;eferable state
-ﬁqoil morphology) or on the contrary to the cycle of deteriora-

tion, by the alternation of vegetation (change of species of

- 15 =



_plants, and change of forest types or stand ages) ,- tending,
.Fertilization, etc.

The soils of the survey area belong to Massape-5011

‘association, being an intermediate type between acidic Latosols

and Red-Yellow Podzols. It seems that in high mountainous
districts with much precipitation (more than about 1,400m),\

_ ¢the Red-Yellow Podzols are dominant, and in lowland, the '

Latosols are dominant.

The results of the soil survey made this time, soil
profiles and the results of mechanical analysis of soils are
shown in Tables 2 to 4 and in photos attached. Tpe~ogt1ine

is ag follows.

The A horizon is 25 to 30cm thick, rich in humus; dark
brown, sandy loam, containing adequate moisture, swollen and
soft, weakly acid at pH 5.5 to 6.0, and a little strongly acid
at the ridges. , . . .o . .

) The B horizon 1s 70 to 200cm thlck, yellowish brown,
containlng a small amount of breccias. The content of clay
and Qilt is 25 to 40% at the foot of mountains, 10 to 20% at
the ridges, and the other substances are coarse or fine sand.

The foot area can be said to have sandy clay, and the rldges,

_ clayey sand.

The pH value is 6.5 at the foot area on the average,

being a 1itt1e acld, and neutral 6 2] to 7 U at the rldges.

In'the-modestly moist cbﬁﬂition, the soils are relatively
sdft,”but when exposed to the air and dried, the tlay content
is concreted, being changed to acid of about pH 5.5,

Except A horizon, the distinction of the soil horizons

" is @ifficult. The boundary between B and C horizons is not

LRt 5. AETY PR S L R R

&
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."clear, and the deposftion layer of colored minerals is regarded

enly as a part of colluvial soils, -

The root systems of érées feach about im in depth, but do

not show a trend of concentration in a certain layer. This

-must have been caused by, it that because of unclear differentia-

_.tion of soil layers, seepage water infiltrates uniformly into

- 8 deep layer through the saprolite layer, and that groundwater
‘ig very deep or that there is no layer limiting the ground-

_water (acquiclude).

i

Therefore, since the B and C horizong are originally good
in permeability as far as there are favorable forest soils (in
this case, A horizon of crumbled structure rich in humus) , the
mountainous area has a very high function of water source con-

servation. ° ' -

The .locations where sﬁmples for the mechanical analysis

., of .soils were taken.are as shown in the location map, and E-1

indicates latosolic clay of the- Taubate layer (sediment of

- the Tertiary) near Guaratingueta, containing more than 50% of

clay.

%

The analytical values (mean values) of Massape-soils are

as shown in Table 5.

;_-Fppégt types in the Paraiba Highland are as shown in

- Fig} 4,

Virgin forests‘offmiSCellaneous broad-leaved trees {in-

. cluding ﬁéédle-leaved‘trees, araucaria in the highland of

more than about 1,200m) called Mata and natural secondary

» stand (Capoeira) are dominant, being followed.by low forests

e (Cerrado){and planted forests (Reflorestamento).

LT - - = Ll
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' * “is occupied by pasture treated extensively.

Forest 'is only generally dotted as complexes of about 5
to 10km?, except the mountainous regions,’ provincial forests,

natural parks, etc. and the most of the watershed’ (about 80%)

am

P

70 ¢ In this area, from the beginning of the previous century,

- virgin forests were hewn down, to cultivate coffee, and as a

“result of uncontrolled cultivation, the land productivity has
"dropped during these BO years, and does not allow even coffee
cultivation. Therefore the land has been changed to grass

~land. { ) o N

L . Y

“After that, the cultivation of coffee moved to:the calcareous
., -
‘and fertile -terra rossa zone of inland, " :

According to Koeppen's climate classification, the‘land
higher than about 1,400m in altitude belongs to temperate humid
climate, and the land lower than that; belongs to tropical
rain forest climate, as mentioned-before.” Among the evergreen
broad-leaved trees of Mata and Capoeira, family of ananas and
usneas are opserved to exist densely as epiphytes, éﬁgéésting

the mountainous climate of dense fogq. 2

" In the highland above 1,200 to-1,400m-in altitude, araucaria,
& sole indigenous conifer tree in Brazil similar to Chinese firs
are cbserved. B&Arocund villages these trees are conserved to
obtain nuts and also to'provide shade for cattle and horses.

Also to araucaria, usneas adhere-densely. - %

i . .
P EER—

The water quality of torrentsin ané'around tﬂe survey-
‘area was analyzed, and the results are as shown in Table 7.
" The pH values -are 6.4 to 6.9, being weakly acid, and contents
of iron and phosphoric acid are a little high, in the main
river of Paraibuna and in all the areas A, B, C and D. -The
‘high turbidity (colloid content) in Area A aﬂhwthé_high Ai%rogen

.~ 1B -
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content in Areda D with:pastures in the watershed are cha-

racteristic.

When water samples were taken (July 31), the season was

dry thh low turbldlty.

It is necessary to examine the water guality continuously
about once a month in the -future, for studying the relation-
ship between the change of soils caused by the seasonal change

of various factors and by the change of forest type on one

" hand and the change of water quality on the other hand, and

so on over a long period of time.

i(3)‘ Situations of land use

T

The changes of land use in the area of the Paraiba Heights

‘were descr}bed before. About 80% of the total area is occupied

bymexﬁensive basture; and of the other 20% forest land,
more than about 10% is man-made forest, consisting mainly

6§£eucalyppus SPP. Pinus(plliottii‘and Pinus taeda.

o

The planted trees grow well, Eucalyptus spp. stands have

been clear cut at intervals of 5 to 10 years, and reproductive

sprouting seems to be done twice. However, on sandy slopes,

. 'not to repeat the failure of coffee plantations in reducing soil

prcduct1v1ty,1t is required to carry out pedeological and

blologlcal studies with the aim of maintaining soil productivity.

Wlth regard to pasture, compared with Australla, New
Zealand, etc., management isg generally exten51ve, 1nvolv1ng

many problems for watershed management.~
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-Table 2 Results of Soil Survey (2)
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Table 3.1

A Area Soil Profil
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Table 3.2
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CJAr‘ea Soil I?r;ofﬂ

-1 2 3 4 5 6 7 8 9
g ] LN ) L I 2 a &8 LX) LN N - o0 it rr———
! a a8 e o w W LA R L o sw
2 black asm black e e '] s e
T aa o black (X N - ad —r— —
£ 00 a 88 LA N 'Y . a0 ——
» sp black [N ) [ 3 ) oo b [ 3 N
4— * %8 s asn F ] o e b L 3 _— _
sew ane [ o s e [N e & it —
- as [ K LI I ] L L ] L ) dark —— [
61 [®°" PR ses see dek grey o
- ase e a0 “cne arep | 000 -
LN LY 'Kl s e o oo —r— —
:8_ - e ® " te .8 as e ‘e ? ——— —_—
. {:;‘W‘ -e® c e PO Y bl d )
prown e ' L !;::lﬂ-- [ -] - .
L & o8 brewn 000 —— 3"_""_'
1.0—_ co o »ee ¢ o8 - ? —_— — -
o n: sen s se T~ ' -
g ees ” TRIREER ecarah _ —
- N yellow- 12ow- . b —_— —
2 ":: Lah e PR e .
brown brown yollow= —_— —
se® 1ah
4_ » s @ " e s &8 white
. . es L L2 + o0 ¥R —— —_—
BE NN e e saprolite —r— ———
J sae ¢ o PR E
6 I . *® '8 6 K
rla e - e . e ] qrey
4 LI " es [ — o
8 eeos | L _o._] "N . -]
LI " [ ] _ eo .
L% N L L LA ] ?
) 0__[ . we s e EXR) grey
- e se e sel [aue 0600
o...’t. y .0.. o. s.o. 290
-
2 s aw « 8 aa® ?
evel e
yellow- white - 9
4" ish - ua
) ,ZU‘;’A waprolite - o®
6 - |saprolite z::.l!w-
white N ;
| 37
8_ saprolite 7 -
3.0~ - - )
- ¢l ¢-2 -3 C-4 “/No.3 No.4 No.7 No.8
Spur  Spur Spur Ridge ~"Dam Dam Dam . Dam
Organic v Sandy | Gravel - o
Classificatien Clay 511t ¥ € 5
. and Gravel
A soil soil soil ST i
: W | ———i===={«+sfooo [ ]oco
Ma?-'k HoH f ———— ¢« ¢+ {0 0 0 P o o
i II l‘ le A ——— —--‘-7 [ ] a .0 o o e & w o D}o

- 24 -




Table 3.4

2

.. -: D-I.Area-Soil.Profil

1l 3 4 5 6 7 8 9
O EEEE I — ][]
T, — [— > e -a® s
2 4 .. . s .. e w - s a
- L ) - —— —— . black P
brown
. - - e .. . black=-
:4 — - o o« ¢ ¢ Y — ———— —_ ‘brown
vl a e * e . -* ® .- LI '
, PR e . e et ::;:ﬁ a’s s &
k6"' . o @ P -.’o - dark . —
- oo [] L] LI ket 000000 - ) . '._
’_? . . . - ole & v aas P e a e« @
'8_ awe o — st
PN LI L yellow= . e ®00 .- LA
LI ;-L.law: }tz":!m - e a ? F ._
l.O e iah o 0 o s e® — _
. s n brown 00 0 ::.:}' _—-. .
L 'J * s e 000 o0 0 P Y —:
02 PO aoo | [T . on - '
. - & yellwo-
. . s e ? Rark e : tsh
- L Y yray - asn e brown
4 — e — e — - 000
" e ves gg o
) N e s sark yellow-
LI 2 - “ ish o €0
g 6 yallow- L. B grey brown — . ]
- ] tsh 4 - a®w [ 2
brown L [+ I
N - & B — L
. e —— ot - s e - % 0060 —
8.— ———— e an ._.-; ? [ -
: yallow- : = J— . ]
ish ¢ oo - e °e
2 O brown i ¢ 00 — ?
T 0o oo . °: ° .
o o0 ' * - "
2~ 2 i ?
Ly
A6 3 i
- - P
18__ A_t g z
: ; )
3.0 L : :
No.4 No,5 No.6-7 No.9 No.ll No.12-13 No.14
‘o . | Organic Sandy | Gravel
Classification sgil Clay sllit . -s'oily coil Sand Gravel
I THIR —r— | ¢« & &« jo o o e o | oo o
Tmark” Il | —— [~~=—] e s |00 o] oo | o
P § ” “” i, | — — —— « » [0 0 o e & o 0o ©

26—




e B

Table 3-5 o

p-11 Area Soil Profil

Al b

1 2 3 4 5 6 7 8 9

v e hlack . s
- e v Binck . 8" 8
eav Fortun® brawn Traer® :
black s e brown §
-2 - brown . e - !
¢ an aae e e ne {
a e .e 'R e s H
4 ~ Seav * b coe i i
.oq P c v N :
-8 ¢ se N {
TR Y .o : i
6 L Lee. °0e : f
-1 aeae ‘o a s ese : “I'l” : l i
s 0 0 AL atan
L L Y ﬁ
8 - e sa . yollow- i
yellown ish .
ish va s *ess brown .
B brown ;
:_.J - s a L L ¢ oo 3
H
1-0 e a P s ea awe oo ‘f :
s en PR, eaw G aco . N
" e ooco ) I h
2 .ot L a® 000 . . N ! : i
e » yallowe - - ’ i
e a8 0 e®e [ @ 0 ;
white B
o yullow- LA : ;
,4 ish L e s [ 479 A 1t :
white se » saprolite s
YAVA oo ) ' ¢
6 wproltta| | % ® "o ?
a0 - e !
s e 1 :
8 * e e
LI B en o
']
reddish reddish
brovn brewn 4
2.0~ '
- e e w )
-.w o o s N
yedaish reddish -1, - '
2‘_ brm‘J brosm . . 3
YA c oo B
saprolite ? -
6 - : : ;
F
. :
- , il
' -
- "
- 5‘ :
< : 5
3.0

D-1 D-2 p-3 D-4
Spur Spur Spur Ridge . - -

: Organic Sand G 1 -
Classification Cl ancy rave
" © soil i Silt soll soil Sand Gravel
” II || memmmmn] &« » 8| 0 0 0O s o » o 0o o
Mark- Il I ———— (== { & & o |0 0 o « e o o
- B l “ ” — ]| s # o ] p ° o s ® @ o 0.0

-~26.=




Table 4

Rem: INSTITﬁTO FLORESTAL SP. Cx. Postal 1322- Cep. 01000 SP.

Int: Instituto Florestal

Ass: Anilise Granulométrica de amostras de Solo

Reg: Proc: Anal: _RHD _
ANALISE GRANULOMETRICA DO SOLO
GRANULAR ANALYSIS
NO DE AMOSTRA )
SwPlE WS | aRGILA | Lo | MBI ML | cusssrescasho
- CLASSIFICATION
SEGRO | INTER. FINE COARSE
% ! % %
844 B;i 2é 4 22 52 fr. arg. ar
845 B-2 24 5 20 51 fr. arg. ar
846 B-3 19 10 22 49 fr. ar
847 B-4 7 3 18 72 ar. fr
848 A-1 32 5 20 43 fr. arg. ar
B49 A-2 34 6 iB 42 fr. arg. ar
850 A-3 24 7 24 45 fr. arg. ar
851 A-4 24 5 22 49 fr. arg. ar
852 c-1 25 7 19 49 fr. arg. ar
853 c-2 30 9 20 41 fr. arg. ar
854 c-3 21 11 30 38 fr. arg. ar
855 c-4 12 7 26 55 fr. ar
856 D-1 3l 16 45 fr. arg. ar
857 D-2 40 9 12 39 fr. arg.
858 D-3 16 10 | 44 30 fr. ar
859 D-4 15 6 39 40 fr. ar
860 | . E-1 52 3 12 33 arg.
861 E-1 50 1 14 35 arg. ar
Table § Results of Soil Analysis: Massapé Sao Moros
Strata | Moisture & | PH | C% | N% |Kpe | Capg | Mgpy | Poog|Saturation
mil dégree
ov 40 14.3 5.8 1.3 |0.02 [0.18( 2.50|0.70 | 0,60 15
40v 80 16.3 5.5{0.5([0.05|0.12] 1.50 | 0.70 | 0.50 31
80150 16.8 5.5 |0.3[0.02}0.12] 0.50 0.60} 0.40 19

[ERN by ST
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Coastal mountain range {Serra do Mar),
looking north from Ubatuba
Soil: gneiss
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Waterfall in the lower reaches
of the Paraibuna
Penetation of diabase



Upper reaches of the Paraibuna;
.- .8lack waters above.the waterfall

Riverbed in the lower reaches -

of the Paraibuna

Gneiss jo%nt
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Waterfall across “the river from P01nt D
Gneiss joint extends ENE-WSW in parallel
to the coastal mountain range
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PR Same as left
-~ 77 numérous Ananas’

Insertion of

‘Middle reaches of the Paraibuna,
Forest type of a natural stand, - - -

et

~e s

. ¥l
- - Vi
s

- = . g -Same as above - .. . _.:
Araucalia can be seen

- 32 - o ] ]




”f-»Upper:reaéhgsfofithé Paraibuna.
" Ranch -with. Araucalia . )

v o [

: Araucalia has pasture and
young growth as symbions
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Tab1e 6 'If"“ . .. . SECRETARIA DB ESTADO DA SAUDE
' COORDENADORIA. DE -SERVIGOS TECNICOS ESPECIALIZADOS

INSTITUTO ADOLFO LuTZ

v DWISAO DE BROMATOLOGIA E QU[MICA - TL-BQ

Ne 23717

o Inutlluto Adolfo Ltz cerililca que foi 0 sagulnte o resultado da ANALISE Orientagdo

n.o _TLno OR - 4996/80 Teldo OR - 09 procedida no
Produto___Agua Natural de Corrego

FSReRIIe & Mar-
Fabsoade por. Ringyo Doboku Konsal . . - _
o a rua_ 4o Horto: : no_. Ol
Municlplo Séo Paulo Estado_ 580 Paulo
Vondidos_ou-cnShbbanig.sm Fazenda - Projeto Jica em___ Cunhs
s rus ‘ e . po i . Estado__ S0 Paulo
Sothido—par. Entregue pelo interessado _ i
—Romatido—polo- Solicitado pelo interessado e
‘com 0 requer imento  de no 4315  do. 30 de __dulho de 19_._ 80
‘Entrada nesta Diratoria em 31# de julho de 1980
_ "RESULTADOS ’
oH - , . \ 6,70

Sélidos em é‘uspensao'r“rbidit? in suspension gpaiyxe de 2 ,0 mg/1 —less than 2.0mg/1”
(floating partides)

Ferro Ferrous 0,13 nz/1 em Fe
Nitrogénio nitrico- witrogen ) T 0,10 mg/1l em N

Fosfatos . Phosphorus 0,20 ng/l em P i
Turbidez . Turbidity 11,7

OBSERVAGOES: 0S8 dados analiticos acima referem-s8 N 2mosiya entregue
pelo interessadoy identificada com o codigo H~1

‘S8o Pauio._-f__.damm_nag_q,it? -da 19___‘:3“9«

-3~



Table 6.2 ° SECRETARIA DB ESTADO DA SAUDE
o COORDENADORIA DE SERVIGOS TECNICOS ESPECIALZADOS N823713 ..

v INSTITUTO ADOLFO LUTZ

i mv;sxo DE nonmon.oam E oulmca - TLBQ.

. b

O Instituto, Adolfo Lutz certiica que fof o soguinte o rasultado da ANALISE___OF. entago
ne . TL no_ OB ~ 4992/80 Tatgo . OB = 03:: " procedida no *
Produtous - Kgua Natural de : Corrego
HeieETd Marca...
¥gain%o%or Ringyo Doboku Konsal =
am B A rua do HOI"tD S : o 01.-
Municlplo Sgo Paulo ) ~_Estado ‘§ao Paulo. -
idoe-ou52 317808 &  Fazenda - Projeto Jica em_Cunha -
8 rug - no . _.Estado__-580 Faulo .~
Balklda-per: - Entregue pelo interessadeg I
Rometidopol__ S01icitado pelo interessado = o
com o requerimento  4g no 4315  4e 30 40 julho *_de 1980 %
Entrada‘nesta Diretorla em__ 3.1 __de Juiho . . —de 19 80 R
- i T - N SO o A L
RESULTADOS
pH 6,90
Turbidity in suspension ]
S581idos em suspensfo {Floating partides) 38,50 mg/1
Perro. .-~ Fertous ‘ 0,12 mg/1 em Fe .
Nitrogénio nitrico Nitrogen 0,10 mg/1l em N RS
Foafatos Phosphorus . " 0,20 mg/l em P S
Turbidez Turbidity 8,0 .

OBSERVAQUES: Os dados andliticos acima referem-se & amostra entregue
pelo interescado, identificeda com o addigo - amostra . .- -
A ' S C e ey T

3

S0 Paulo,..8 da___ 3603’50_._ _de 1880 _

A v - PR
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Table 6.3 e ECR.ETARIA DB, ES'I‘ADO DA SAUDE
COORDENADORIA . DE. SERVIGOS TECNICOS ESPECIAUZADOS N®23714

kINSTITUTO ADOLFO LUTZ

DIVISAO DE BROMATOLOGIA E QUIMICA - TL-BQ.

Orientagéo

\0 Instituto Adolfo Lutz certlllca que foi o sagulnta o resultado da ANALI‘%F

n.o e TL P2, OR - 4993/ 80 Tallio.. OR - 09 procedida no
Produto Agua Natural de Corrego

mopor Ringyo Doboku Konsal Macce -

om o B TuB do Horto ) no 01
Municlpio Sdo0 Paulo o ' Estado__- 580 Paulo
vondidoo-ai05atizadp, em  Fazenda - Projeto Jica em_Cunha

a4 rnua n.e Estado S8c Paulo
Colbido—por. Entregue Pelo integgfsado _ .
Ruwuwo*mkh__§g}icitagg.Eﬁ}g_iyteresgado o

com o_reguerimento de no 4315 4o 30 4a ___julho de 18 80
Entrada nesta Diretorla em.__ 31  de Julho - e de 1980

RESULTADOS

pH 6, EC

Sé1idos em "us'censao T;;g:ii;g ;:r:‘;zg:?smn 5,00 rg/l

Ferro o Ferrous 5,38 mg/1 en PFe
Nltrogenigupitrféq " Nitrogen i ndo encontramos -
Fosfatos = éhqﬁménm 0,25 n/1 em P

Turbides Turbidity 5,00

OBSERVAGUES: Os dado...'anal"‘"tino" qcime referen-se A amostra
B : antregue pelo "ﬂ“*""“"“o, idrntifienda com o
" eodifo =)

0

Sfo Paulo.".g,_.. -de tgO8Y0  geqg S "‘C

- 37 -



Table 6.4 SHCRETARIA DS ESTADO DA SAUDE o
' COORDENADORIA DE SERVIGOS TECNICOS ESPECIALIZADOS Cwe 23715

"7 _TINSTITUTO ADOLFO LUTZ

nwasio ns BROMATOLOGIA E QuIMu:A TL-8Q.

L .

Q Instituto Adolfo Lmz canmca que ki o uulnn o resultade da ANALISE : ~
ne —JL no,_.. OH - 4994/80 Taldo_.. OR ~ 09 procedida fo-
Prodits__ABua Natural de Corrego -

Orientagio

Marea__, -
M"pﬁr Ringyo Doboku Konsal - .
om_ 4 rua do Herto R = QL e
Municiplio_. ’ S8op Paunlo - : Fsi'ﬂ‘d'nd S8o Pauleo - -
Vendidos o SR LAIEA0 SN Fazenda - Projeto Jica ’ om__Cunha -
b yun. T Estado_ oS80 Faulo - . -
Goldo-por_ Ltregue pelo interessado L A :
Hamstidopala Solicitade pelo interessado e ST
) curn o..Trequerimento 4o o 4315 4. 30 4. julho - de 19807
Entrada nesta Dirstoria em.._ 31 __de Julho _de 1980
RESULTADOS
rH - 6,60
3 Turbldity in suspension
6lidos em suspensdo (Eloating partides) 9,00 :?g/l .
Ferro ) Ferrous 0,14 ng/l em:Fe
Nitregénio nitrico Nitrogen n&o encontramos o
Fosfatos Phosphorus abaixo de 0,10 mg/1l em P éei:m;"/‘i“
Turbidez Turbidity - 5,80 .
OBSERVACUES: Os dados analiticos acima referem-se 3 amostra . .
entregue velo intereasado, 1den‘c:.fic=1ﬁa com o I
cbdigo C—1 .
de 9g05ta 4o 49 9

§fo Paulo,

- L3-:8 -
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Table 6.5 , ) )
B COOI.DGNMA DE SHVK;OS T‘CNJCOS FSP?QAUZADO . -
INSTITUTO ADOLFO LUTZ - "™
mvuslo DE unomros.om E QUIMICA — TLBQ,
O Instituto Adolfo Lutz certifica que tol o seguinte o resultado da ANALISE OrientagHo
no ” TL oo OR - 4995/80 Talgo.._ OB - 09 procadida no
Produto Agua Natural de Corrego
. Marca__
t d%or Ringyo Doboku Konsal
em_ _ a rua- 4o Horto ne... 01
Municlplo S&o- Paulo Estado. S&o0 Paulo
. Localizado em Fazenda - Projeto Jica em_Cunha

& rua - i ne. Estado____ 520 Panlo
Calhido par Entregue pelo interessado
W "Bolicitado pelo interessado

com o._requerimento 4o ne 4315 de— 30 de julhg da 1980
Entrada nesta Diretorla em___31 __de Julho -de 18__B0

RESUITADOS ~ * °

T 6,40

y & Turbidity in suspension -1
541lidos em suspensfo (Floating oaxtiaoa) 5,00 mg/1
Ferro Ferrous . 0,38 mg/1l em Fo
Nitrogénio nitrico Nitregen . 0,20 mg/1l en K
Fosfatos ) Phosphorys 0,18 mg/1 em P

Turbidez - Turbidity 4,50

BSERVAQUE : Os dados analiticos acine referem-se é amostra entregue
S pelo interesgsado, 1dentii‘mada ‘em -0 cedigo p—i

So Pavlo,_5.__de-__. 28050 g 1980
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T, s0il profile. of pasture
the foot of mountain

land forming -
in Area D
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Same as above;
predominantly breccia

7 Same as above; thick saprolite
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