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Apresentacao

Em marco de 2018 duas rupturas no
mineroduto do Projeto Minas Rio da Anglo
American causaram vazamentos de polpa de
minério de ferro no ribeirao Santo Anténio do
Grama, no municipio homénimo, em Minas
Gerais.

Em poucas horas foram realizadas
diversas acdes emergenciais, destinadas
a conter os vazamentos e minimizar seus
impactos. E dificil acreditar que um incidente
poderia proporcionar mudancgas positivas,
além de um imensuravel aprendizado no que
tange a recuperacao de areas degradadas.
Sem menosprezar o incidente, ressalta-se a
oportunidade de aprender e evoluir em meio
a adversidades, ja que os desafios sao sempre
impulsionadores da inovacao.

Este livro apresenta um estudo de caso
de recuperacao de terrenos e da vegetacao,
das técnicas empregadas na calha e margens
do ribeirao Santo Anténio do Grama, em um
trecho de aproximadamente 8 quilémetros. E
um testemunho de um esforco conjunto de uma
equipe integrada e experiente que conseguiu
melhorar as condigdes pré incidente do curso
d’agua, que abastece o municipio, e de suas
margens, ao remodelar a calha de acordo com a
dinamica fluvial e favorecer oreestabelecimento
da vegetacao.

Usaram-se  diferentes técnicas de
recuperacao de areas degradadas, algumas
inovadoras, que poderao servir como subsidio
para a revisao de conceitos e procedimentos.
O enfrentamento corajoso das consequéncias
do incidente trouxe ganhos ambientais a area,
permitindo transformar positiva e rapidamente
o cenario impactado.

Introduction

In March 2018, two ruptures in the Anglo
American’s Minas Rio Project pipeline caused iron
ore slurry leaks in the Santo Anténio do Grama
stream, in the homonymous municipality in the
state of Minas Gerais.

Within a few hours, several emergency
actions were carried out to contain the leaks and
minimize their impacts. It is hard to believe that an
incident could bring about positive changes and
immeasurable learning regarding the recovery of
degraded areas. Without neglecting the incident,
we highlight the opportunity to learn and evolve
in the face of adversity, as challenges are always
drivers of innovation.

This book presents a case study of land and
vegetation recovery, the techniques used in the
gutters and margins ofthe Santo Anténio do Grama
stream, in an approximately 8 km stretch. It is a
testimonial of the joint effort of an integrated and
experienced team that has managed to improve
the pre-incident conditions of the watercourse.
This stream supplies the municipality and its
margins by remodeling the gutter in line with the
river dynamics and by favoring vegetation re-
establishment.

Different techniques for the recovery of
degraded areas were used. Some were innovative,
which may serve as a support for the review
of concepts and procedures. The courageous
confrontation of the consequences from the
incident brought environmental gains to the area,
enabling the impacted scenario to be positively
and rapidly transformed.



Prefacio

Aldo Souza
Diretor de Saude, Seguranga e
Desenvolvimento Sustentdvel

Na manha de 12 de marco de 2018, uma
segunda-feira de verao tipicamente ensolara-
da, fomos surpreendidos pela noticia de uma
falha no Mineroduto Minas-Rio, na zona rural
de Santo Anténio do Grama, interior de Minas
Gerais, que resultou no vazamento de polpa
de minério, impactando o ribeirao de mesmo
nome.

Sem hesitar, boa parte de nosso time se
deslocou para o local, imbuidos do mais legi-
timo senso de urgéncia e de responsabilidade.
Mais do que tudo, nossa preocupagao era com
a seguranca das pessoas, comunidades e co-
laboradores, além da mitigacao dos impactos
ambientais. Apos trés semanas de arduos esfor-
cos, a situacao estava controlada. Voltariamos a
operar.

Contudo, na noite de quinta-feira, dia 29
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de Marc¢o, véspera de feriado, o maior minero-
duto do mundo falharia novamente. Natural-
mente, um turbilhao de pensamentos e senti-
mentos passavam por nossas mentes. Reunimos
mais uma vez. Por tras dos rostos cansados de
nossos colaboradores e parceiros, sabiamos
que uma nova e longa jornada se descortinava.
Naquele momento, a colaboragao nos unia. Era
preciso tomar as decisoes corretas. Imediata-
mente, nosso CEO, Ruben Fernandes, declarava
a interrupgao das operagdes por tempo inde-
terminado. Mobilizamos, mais uma vez, todos
os esforcos para uma resposta imediata, mas,
acima de tudo, respeitosa para com nossas co-
munidades anfitrias. Foram 8 longos meses até
que pudéssemos, novamente, operar.

Nesse periodo, trabalhamos em muitas
frentes: garantia de abastecimento; infraestru-
tura; investimentos sociais; parcerias com O
poder publico; contencao e limpeza do curso
d’agua. Além disso, aplicamos toda tecnologia
disponivel para entender as causas dos inci-
dentes e garantir uma retomada efetiva e segu-
ra.

Em Conceicao do Mato Dentro, base da
maior parte de nossos colaboradores, desen-
volvemos uma série de iniciativas, marcadas
pela inovacao, como suporte aos nossos co-
laboradores em férias coletivas ou suspensao
temporaria do contrato de trabalho: o chama-
do Programa Létus. E preciso dizer: ao longo

desse periodo, mantivemos todos os postos de
trabalho existentes em nosso negécio, demons-
trando legitima preocupacao e respeito.

Uma dessas frentes de trabalho foi a re-
cuperacao ambiental do vale do ribeirao Santo
Antonio do Grama. Montamos uma base para
acompanhar e monitorar todas as nossas agoes
e construimos uma adutora de agua em tempo
recorde, garantindo que nao houvesse prejuizo
no abastecimento de agua do municipio. Ime-
diatamente, iniciamos avaliacbes e monitora-
mento dos impactos diretos e indiretos gerados,
incluindo agua, fauna, flora e socioeconomia.

Durante os primeiros esforgos, realiza-
mos a construcao de contengdes para mitigar
o impacto ocorrido e, rapidamente, iniciamos a
retirada de todo o minério da calha do ribeirao.
Nesse momento, vislumbramos a possibilidade
deiralém: eranecessario gerarimpacto ambien-
tal positivo na regiao, como forma de compen-
sar as decorréncias dos incidentes. Propusemos
e debatemos com varias partes interessadas,
sempre com total integridade e transparéncia,
a aplicacao de um Programa de Recuperagao de
Areas Degradadas Compensatério, a jusante do
local dos vazamentos, para garantia de quali-
dade ambiental e da recuperacao dos servigos
ecossistémicos do curso d'agua, ja impactado
por atividades diversas ao longo do tempo.

O plano de recuperacao ambiental, fun-
damentado em dados locais, resultou na apli-

cacao das melhores técnicas possiveis, por
quase 8 quilémetros. Foram realizadas obras
de bioengenharia; suavizacao da calha do
ribeirao; revegetacao; semeadura; plantios;
transplantio de arvores e espécies aquaticas;
e instalacao de poleiros artificiais. Um total
de 435 colaboradores locais participaram dos
esforcos para entrega de um ribeirao esta-
vel, com funcao ecoloégica e capaz de prover
agua, refugios de fauna e biodiversidade para
o meio ambiente e as comunidades locais.

Muitos meses se passaram desde o
primeiro vazamento. Hoje, como empresa,
somos mais fortes e entregamos resultados
melhores. Os aprendizados desse momento
dificil nunca serao esquecidos. De certa for-
ma, foi um de nossos melhores momentos.
O momento em que reinventamos a Anglo
American no Brasil.

Esse livro conta uma parte dessa his-
toria, da qual podemos, hoje, dizer que nos
orgulhamos.

Esperamos que tenha uma agradavel
leitura.
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Foreword

Aldo Souza
Executive Director - Health,
Safety and Sustainable Development

On the morning of March 12, 2018, a usu-
al sunny summer Monday, we were surprised
by the bad news of a failure in the Minas-Rio
pipeline at Santo Antonio do Grama, country-
side area of Minas Gerais, which resulted in the
leakage of ore pulp and led to impacts in the
Santo Anténio stream.

Without hesitation, most of our team mo-
ved to the site with the most legitimate sense of
urgency and responsibility. More than anything,
we were concerned with people, communities
and employees’ safety, as well as environmen-
tal impacts. After three weeks of hard work, the
situation was under control. We were back to
business.

However, on the Thursday night, March
29, holiday eve, the world’s largest pipeline had
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failed again. Naturally, a whirlwind of thoughts
and feelings ran through our minds. We met
once more. The tired faces of our employees
and partners knew that a new and long journey
were coming. At that moment, collaboration
united us. The right decisions had to be taken.
Immediately, our CEO, Ruben Fernandes, sus-
pended the operations indefinitely. We once
again mobilize every effort for an immediate
but respectful response to our host communi-
ties. It was 8 months until we could once again
operate.

During this period, we worked on many
fronts. Everything to ensure supply, infrastruc-
ture, social investments, partnerships with the
government, as well containment and cleaning
of the watercourse. In addition, we apply all
available technology to understand the causes
of incidents and ensure effective and safe re-
sumption.

In Conceicao do Mato Dentro, where
most of our employees were headquartered,
we developed a series of innovative initiatives
to support our employees on a collective va-
cation or temporary suspension of their work
contract: the so-called Lotus Program. Nee-
dless to say: throughout this period, we main-
tained all the existing jobs in our business, de-
monstrating legitimate concern and respect.

One of these fronts was the environ-
mental recovery of Santo Anténio do Grama

stream valley. We set up a base to follow up and
monitor all actions performed and we built a
water main within a record time, which ensures
zero damage to the municipal water supply. Af-
ter that, we immediately started to evaluate and
monitor the direct and indirect impacts, i.e. wa-
ter, fauna, flora and Socioeconomics.

During the first efforts for immediate
response, we built containments to mitigate the
impacts and we quickly began removing all ore
from the stream chute. At this point, we were
able to going further: it was necessary to gene-
rate a positive environmental impact in the re-
gion to compensate the population for the inci-
dents. Based on full integrity and transparency,
we proposed and discussed with various stake-
holders the deployment of a Compensatory Pro-
gram for Degraded Area Recovery, downstream
the leak location, as to ensure environmental
quality and the recovery of waterway ecosystem
services, which were already impacted by seve-
ral activities over the time.

The environmental recovery plan, based
on local data, resulted in the application of the
best possible techniques for almost 8 kilome-
ters. We apply the best environmental recovery
techniques: planting, retaining, sowing, tree
transplanting, installation of artificial perches.
435 local employees participated in efforts to
deliver a stable, ecologically-friendly stream to
provide water, wildlife and biodiversity refuges

for the environment and local communities.

Many months have passed since the first
leak. Today, as a company, we are stronger and
deliver better results. The lessons learned from
this difficulty will never be forgotten. In a cer-
tain way, it was one of our best moments. The
moment we reinvented Anglo American in Bra-
zil.

This book tells a part of this story, of whi-
ch we are proud.

Hope you have a nice read.
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O incidente

As acoOes apresentadas aqui
sao resultado de um intenso traba-
lho técnico, para reverter os danos
e compensar os impactos ambien-
tais causados pelos dois vazamen-
tos.

O primeiro vazamento da
polpa de minério de ferro ocorreu
no dia 12 de marco, a 100 metros
da estacao de Bombas 02, préximo
ao macico da Barragem de Emer-
géncia.

O segundo vazamento, em
29 de marco, foi a 220 metros a
montante do primeiro, atingindo
uma area de pastagem vizinha e o
ribeirao Santo Anténio do Grama.
No total, cerca de 482 toneladas
de polpa de minério, classificado
como residuo nao perigoso, che-
garam ao ribeirao Santo Anténio
do Grama.

Imediatamente foram acio-
nados os planos de emergéncia
para contencao dos danos e em
seguida procedeu-se aos traba-
lhos de recuperacao ambiental,
com investimentos da Anglo Ame-
rican para garantir a reabilitacao
do curso d'agua e de suas margens,
nas porgoes inseridas nas areas de
preservagao permanente (APPs).

The actions presented
here are the result of intense
technical work to reverse the
damage and offset the environ-
mental impacts caused by the
two leaks.

The first iron ore slur-
ry leak occurred on March 12,
100 meters away from pump
02 station, near the Emergency
Dam massif.

The second leak happe-
ned on March 29, 220 meters
away from the upstream from
the first leak. The second leakre-
ached a neighboring pasture
area and the Santo Anténio do
Grama stream. In total, around
482 tons of ore slurry, classi-
fied as non-hazardous waste,
reached the Santo Antdnio do
Grama stream.

Immediate  emergency
plans for damage containment
were triggered and then envi-
ronmental recovery work was
carried out, with Anglo Ameri-
can investments to ensure the
rehabilitation of the watercou-
rse and its margins, in the por-
tions of the permanent preser-
vation areas. (PPAs).

The incident

Vazamento/leak 12/03/2018

Vazamento/leak 29/03/2018



Recuperacao Ambiental Recuperacao Ambiental






Recuperacao Ambiental Recuperacao Ambiental 37




Mobilizacao de equipes

Foram mobilizados 435 trabalhadores
diretos, além de varias equipes especializadas,
para as agdes emergenciais, que incluiram
cadastramento de proprietarios, remocao da
polpa de minério, elaboragcao dos projetos de
recuperacao e bioengenharia, atividades de
educacao ambiental, monitoramento, obras e
plantios. Nas contratagdes, priorizou-se sempre
a mao de obra local.

Recuperacao Ambiental

Teams mobilization

About 435 direct workers were mobilized,
as well as several specialized teams, for emer-
gency actions, which included land owners re-
gistration, ore slurry removal, construction of
recovery and bioengineering projects, environ-
mental education, monitoring, construction and
planting activities. In the hiring, the local work-
force was always prioritized.

Mobilizacao social

Desde o primeiro momento, estabelece-
ram-se canais de comunicacdo com a comu-
nidade, para transmitir todas as informacoes
necessarias sobre o incidente e a evolucao das
agoes emergenciais, a medida que eram defini-
das, executadas e concluidas.

Foram também implementadas acoes de
educacao ambiental, junto com as demais ativi-
dades, com o objetivo de aumentar o conheci-
mento da comunidade local acerca das acoes e
das melhorias ambientais promovidas pela re-
cuperacgao.

Social mobilization

From the first moment, communication
gutters were established with the community to
transmit all necessary information about the inci-
dent and the evolution of emergency actions, as
they were defined, executed and completed.

Environmental education actions were also
implemented, along with other activities, in or-
der to increase the local community’s knowledge
about the actions and environmental improve-
ments promoted by the recovery.

Recuperacao Ambiental
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A recuperacgao

Logo ap6s cada vazamento, im-
plementaram-se medidas emergenciais,
incluindo as previstas no Plano de A¢oes
Emergenciais (PAE) do Projeto Minas-
-Rio, e deu-se inicio as acoes determi-
nadas no processo de licenciamento
ambiental ou de reparacao relacionado
aos incidentes.

Visando prevenir ou diminuir no-
vos impactos, foram adotados principal-
mente métodos manuais na remocao da
polpa de minério de ferro, minimizando
como possivel a mecanizacao.

Considerando que a maior degra-
dacao da area é o uso agropecuario, con-
centrado no fundo de vale, buscou-se
também promover impactos positivos,
contribuindo com a melhoria da quali-
dade de vida da populagao afetada e com
um modelo que pode ser referéncia na
recuperacao ambiental.

As acoes de recuperacao dividi-
ram-se em duas grandes etapas. Na pri-
meira implementaram-se a¢des emer-
genciais, como a manutencgao dos tubos,
remoc¢ao do minério e a limpeza da ca-
lha do rio. A segunda concentrou-se na
elaboracao e execucao do plano de re-
cuperacao de areas degradadas (PRAD)
da area afetada, uma das medidas miti-
gadoras e compensatérias relacionadas
aos vazamentos.

The recovery

Immediately after each leak, emer-
gency measures were implemented, in-
cluding those provided for in the Minas-
-Rio Project Emergency Action Plan (EAP),
and actions were initiated in the environ-
mental licensing or recovery process rela-
ted to incidents.

Aiming at preventing or reducing
new impacts, manual methods were
mainly adopted to remove iron ore slurry,
minimizing mechanization as possible.

Considering that the greatest de-
gradation of the area is the agricultural
use, concentrated deep in the valley, po-
sitive impacts were promoted by impro-
ving the affected population’s quality of
life and a model that can be a reference in
environmental recovery.

The recovery actions were divided
into two major stages. In the first, emer-
gency actions were implemented, such as
pipe maintenance, ore removal and river
gutter cleaning. The second one focused
on the construction and implementation of
the degraded area recovery plan (DARP)
in the affected area, one of the mitigation
and compensatory measures related to
the leaks.
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Remocao do minério

Deu-se imediatamente inicio a remocao do mi-
nério de ferro depositado no leito e margens do ribei-
rao, em um primeiro momento nas areas de maior acu-
mulacdo. Foram adotadas técnicas de limpeza manual,
lavagem do minério e sucg¢ao, sem usar maquinas pesa-
das no leito do rio.

Aproximadamente 23.737 toneladas de material
foram removidos nas limpezas emergenciais, até o final
de maio de 2018. A remocao manual e mecanizada dos
sedimentos residuais continuou e foi concluida con-
forme planejado, antes do final de dezembro do mes-
mo ano.

Ore removal

The immediate removal of the iron ore deposited
in the bed and margins of the stream initially began in
the areas of greater accumulation. Manual cleaning, ore
washing and suction techniques were adopted, without
heavy machinery on the riverbed.

Approximately 23,737 tons of material were
removed at emergency cleanings by the end of May 2018.
Manual and mechanized removal of residual sediments
continued and everything was completed as planned
before the end of December of the same year.
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Plano de recuperacao

A area onde se procedeu as agdes de re-
cuperagao abrange 18 propriedades rurais ao
longo de 8 quilémetros da calha do ribeirao, em
APPs, historicamente de uso consolidado, prin-
cipalmente pela pecuaria. Dominadas por pas-
tagens, as APPs também concentravam residén-
cias e outras instala¢des das propriedades.

O objetivo principal do projeto de recu-
peracao foi criar um roteiro sistematico com
informacoes e especificagdes técnicas. O pro-
cesso de elaboracao foi complexo, envolvendo
conhecimentos de areas diversas.

Procedimentos generalistas nao se apli-
cavam a area e definiram-se acoes especificas
para cada situacao. Além disso, era de vital im-
portancia o interesse do proprietario do terre-
no. Os atores sociais e as atividades econémicas
desenvolvidas na area foram considerados no
projeto, visando nao apenas recuperar o meio
como também melhorar a qualidade ambiental
da area afetada.

Em linhas gerais, procedeu-se, nesta or-
dem, ao diagnostico da area afetada e arredores,
ao reconhecimento dos focos de degradacao, a
definicao das técnicas de recuperacao, a ela-
boracao do projeto, a execugao do projeto, ao
monitoramento e avaliagao das agdes e a apre-
sentagao dos resultados. A elaboracao do pro-
jeto foi iniciada imediatamente apods as primei-
ras acoes emergenciais e concluida em junho
de 2018. Algumas das agdes sao apresentadas a
seguir:

Recovery plan

The recovery actions were carried out in an
area covering 18 rural properties throughout 8 km
of the stream gutter, in PPAs, historically used by
livestock. Pasture-dominated, PPAs also concen-
trated households and other property facilities.

The main goal of the recovery project was
to create a systematic road map with informa-
tion and technical specifications. The elaboration
process was complex, involving knowledge from
different areas.

General procedures did not apply to the
area and specific actions were defined for each
situation. Also, it was of critical importance the
interest of the land owner. The social actors and
economic activities developed in the area were
considered in the project, aiming not only to reco-
ver the environment, but also improving the envi-
ronmental quality of the affected area.

The affected area and its surroundings
were diagnosed in the following order: recogni-
tion of the degradation areas, establishment of
recovery techniques, project elaboration, project
deployment, monitoring and evaluation of the ac-
tions, and, finally, presentation of the results. The
project elaboration began immediately after the
first emergency actions and it was completed in
June 2018. Some of the actions are as follows:
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Diagnostico ambiental

O diagnostico do ribeirao Santo Anténio
do Grama construiu um quadro real da situagao
da area, obteve informacoes, identificou
os aspectos ambientais, servindo de base a
definicao das acdes e técnicas especificas e a
tomada de decisoes.

Com base no diagnéstico e na integracao
dos dados, definiram-se as ag¢odes especificas,
técnicas de recuperacao e as estratégias de
implementacao do projeto. O projeto tratou
das agcdoes mandatorias e compensatorias. As
mandatorias sao as diretamente relacionadas
aos incidentes, destinadas a tratar de erosodes e
deposi¢cdoes pontuais e pequenos solapamentos
dasmargens, resultantesdasobrasemergenciais,
e concentradas nos sistemas temporarios de
contencao de sedimentos. As compensatoérias
foram além das areas afetadas pelos vazamentos
e incorporaram a reparacgao de danos histéricos
ao ribeirao.

O diagnostico foi elaborado por uma
equipe multidisciplinar a partir de levantamen-
tos de campo e, no caso das aguas, conside-
rando os parametros da legislagao. Revelou a
acao da erosao fluvial na calha e terracos e das
aguas de escoamento superficial laminar ou em
sulcos, processos comuns na area e na regiao,
desencadeado pela degradacao dos terrenos e
pela vegetacao antrépica predominantemente
herbacea que ha muito substituiu as florestas
naturais.

Os campos antropicos, sobretudo nas en-
costas, quando muito, retém um percentual pe-

Environmental diagnosis

The diagnosis of the Santo Anténio do Gra-
ma stream built a real picture of the area’s si-
tuation, obtained information and identified the
environmental aspects, serving as a basis for the
definition of specific actions and techniques, and
for decision making.

Based on the diagnosis and data integra-
tion, specific actions, recovery techniques and
project implementation strategies were defined.
The project dealt with mandatory and compen-
satory actions. Mandatory actions are those di-
rectly related to incidents, intended to deal with
erosion and punctual deposition, and small mar-
gin undermining resulting from emergency works,
and concentrated on temporary sediment con-
tainment systems. Compensation actions went
beyond the areas affected by the leaks and in-
corporated the repair of historical damages to the
stream.

The diagnosis was made by a multidiscipli-
nary team based on field surveys, and the legis-
lation parameters were considered for water is-
sues. Some aspects were found regarding fluvial
erosion in the gutter and terraces, and the action
of laminar surface runoff or groove waters, com-
mon processes in the area and region, triggered
by land degradation and predominantly herba-
ceous anthropogenic vegetation that has long re-
placed natural forests.

Anthropic fields, especially on the slopes,
at most retain a small percentage of rainwater,
which eventually flows over the surfaces, often



queno das aguas das chuvas, que aca-
bam escoando pelas superficies, muitas
vezes concentradas nos trilhos do gado,
resultando em assoreamento do curso
d'agua. Os terracos aluviais expostos
do ribeirao Santo Anténio do Grama
sao particularmente vulneraveis, ja que
nao contam com uma cobertura vegetal
que favoreca a infiltracao; em muitos
pontos, além de erodidos, os terrenos
sao compactados. A area afetada, como
todo o redor, € um ambiente bastante
degradado.

As margens do ribeirdao, sobre-
tudo nos trechos onde o curso d'agua
forma planicies aluviais, nao contam
com florestas ribeirinhas e sao afetadas
em varios pontos por processos ero-
sivos, muitos desencadeados pelo uso
dominante nas encostas adjacentes, a
pecuaria. As encostas sao marcadas por
terracetes formados pela circulacao de
gado e as pastagens, campos antropi-
cos, estendem-se a planicie aluvial. Em
muitos pontos, ha sulcos e ravinas e até
cicatrizes de movimentos de massa que
atingiram o curso d’'agua.

Assim, como exposto em deta-
lhes no PRAD, os vazamentos de mi-
nério nao promoveram alteracdes nas
areas afetadas, nas encostas ou na pla-
nicie e calha fluvial do ribeirao Santo
Antonio do Grama, terrenos ja muito
alterados pelos usos agricola e pecuario
antigos na regiao.
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concentrated on cattle tracks, resul-
ting in siltation of the watercourse. The
exposed alluvial terraces of the Santo
Anténio stream are particularly vulne-
rable as they do not have a vegetation
cover that favors infiltration; In many
places, in addition to being eroded, the
land is compacted. The affected area is
a very degraded environment, just like
everywhere around.

The margins of the stream do not
have riverside forests, especially in stre-
tches where the watercourse forms floo-
dplains, and they are affected at various
points by erosion processes. Many of the-
se processes were triggered by the do-
minant use of livestock on the adjacent
slopes. The slopes are marked by terra-
cettes formed by the circulation of cattle
and the pastures, anthropic fields, and
extend to the floodplain. At many places,
there are grooves and ravines and even
mass movement scars that have reached
the watercourse.

Thus, as explained in detail in the
DARP, the ore leaks did not promote al-
terations in the affected areas, slopes or
the plain and flume of the Santo Ant6-
nio do Grama stream. These lands were
already greatly altered by the ancient
agricultural and livestock uses in the re-
gion.

ATIVIDADE PREDOMINANTE:
PECUARIA

PREDOMINANT ACTIVITY:
LIVESTOCK

ENCOSTAS ERODIDAS E
DESNUDAS

SLOPES ERODED AND DENUDED

MARGENS DO RIBEIRAO
ASSOREADAS E PISOTEADA
PELO GADO

SILTED AND TRAMPLED STREAM
MARCGINS
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Acoes mandatoérias

As agdes mandatorias correspondem a
aquelas obrigacoes de carater legal, destinadas
a mitigacao dos impactos gerados, direta ou
indiretamente, pelos vazamentos e agdes
emergenciais na calha e nas margens do ribeirao
Santo Anténio do Grama.

Contemplou a recuperagao fisica dos
terrenos, com a utilizacao de técnicas diversas
que objetivaram a diminuicao da vulnerabilida-
de a processos erosivos, aumento da estabilida-
de, reducao do carreamento de particulas e re-
cobrimento vegetal dos terrenos expostos pela
remocao do minério.
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Mandatory actions

Mandatory actions are legal obligations to
mitigate the impacts generated directly or indi-
rectly by the leaks, and emergency measures in
the gutter and margins of the Santo Anténio do
Grama stream.

They included physical land recovery by
using various techniques designed to reduce vul-
nerability to erosion, increase stability, reduce
the carry-over of debris and form a vegetation
cover on exposed surfaces by removing ore.

Acoes compensatorias

As medidas compensatérias tém como
objetivo atenuar a agao de processos erosivos
nas margens e recompor a vegetacao florestal
nas APPs ribeirinhas das propriedades de ter-
ceiros. Contemplaram as APPs do ribeirao Santo
Anténio do Grama localizadas no trecho de 8
km.

As acOes consistiram em acoes de educa-
cao ambiental, recuperacao fisica dos terrenos
e recomposicao em propriedades rurais histo-
ricamente de uso antrépico localizadas entre o
local do segundo vazamento até a captacao do
municipio.

Compensatory actions

The compensatory measures aim to
mitigate the action of erosive processes on the
banks and to recompose forest vegetation in
riparian PPAs of third-party properties. The PPAs
of the Santo Anténio do Grama stream in the 8 km
stretch were considered.

The actions consisted of environmental
education, physical land reclamation and
restoration in historically anthropogenic rural
properties located between the second leak
area and the main municipality’s watercourse
collection.
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Revegetacao

Uma das medidas
compensatorias, a revege-
tacao é a principal ativida-
de de carater ecologico. As
areas destinadas a recupe-
racao da vegetacao flores-
tal, as APPs, foram defini-
das segundo a Lei Federal
n°® 12.651/2012. A largura
das APPs varia de acordo
com o tamanho da pro-
priedade em modulos fis-
cais, na area, entre 5 e 20
metros.

As faixas sdao muito
estreitas para a recupera-
cao de florestas. Nao obs-
tante, é possivel estabele-
cer uma formacao arbérea:
ainda que estreita, pode
ser continua, melhorando
a condicao das margens,
prevenindo processos
erosivos e servindo como
corredores entre fragmen-
tos florestais.

Revegetation

One of the compen-
satory measures and the
main ecological activity
was revegetation. The areas
intended for the recovery of
forest vegetation, the PPAs,
were defined according to
Federal Law No. 12,651 of
2012. The PPA widths varies
according to the size of the
property in tax modules in
the area, between 5 and 20
meters.

The ranges are too
narrow for forest recovery.
Nevertheless, it is possible
to establish a tree forma-
tion: although narrow, it
can be continuous, impro-
ving the condition of the
margins, preventing erosi-
ve processes and serving
as corridors between forest
fragments.
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Escolha de espécies

A selecao das espécies é de vi-
tal importancia para garantir o esta-
belecimento das plantas. E preciso
considerar nao apenas as exigéncias
ecologicas especificas, a existéncia de
polinizadores e dispersores e a propria
possibilidade de formar populagoes.
Nas faixas estreitas é fundamental,
ainda, considerar espécies resistentes
a competicao com as ervas ruderais
das pastagens.

Nao obstante a imposicao legal
de preservar APPs, é dificil a aceitacao
do projeto pelos proprietarios, que,
mesmo entendendo sua importancia
para a qualidade ambiental, precisam
abrir mao de sua area produtiva.

Assim, o projeto, que considera
o aspecto social da area, incluiu tam-
bém espécies frutiferas, nativas e nao
nativas, com o objetivo de incentivar
os proprietarios a manter a vegetacao
implantada, contribuindo com a recu-
peracgao da area.

Com isso, na concepgao adota-
da integrou-se a restauragao de pro-
cessos ecologicos, com o uso de espé-
cies nativas pioneiras e nao pioneiras,
e o uso de espécies Uteis, nativas ou
nao, incentivando a colaboracao fun-
damental dos proprietarios no projeto
de recuperacao.

Choice of species

Species selection is critical to en-
sure plant establishment. It is necessary
to consider not only the specific ecolo-
gical requirements, but also the existen-
ce of pollinators and dispersers and the
very possibility of forming populations.
In narrow ranges, it is also essential to
consider species resistant to competi-
tion with ruderal grass pastures.

Notwithstanding the legal impo-
sition of preserving PPAs, there are still
difficulties for accepting the project by
the land owners, who, even understan-
ding their importance for environmental
quality, need to give up their production
area.

Taking into consideration the so-
cial aspect of the area, the project also
included fruit species, native and non-
-native ones, with the purpose of en-
couraging the land owners to maintain
the implanted vegetation, and contri-
buting to the recovery of the area.

Thus, the adopted conception in-
tegrated the restoration of ecological
processes by using the pioneering and
non-pioneering native species, useful
native or not native species, which en-
courages the fundamental collabora-
tion of the owners in the recovery pro-
ject.
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Estratégias de restauracao

Executar ac¢oes para re-
parar os impactos nao € a anica
estratégia cabivel e aplicavel. E
necessario 0 cCompromisso com
a perpetuacao dos beneficios.

O que s6 é possivel com o
envolvimento de fato e integral
dos agentes institucionais e dos
produtores locais, ou seja, dos
proprietarios que aceitaram a
execucao das agoes propostas.

O sucesso da implantacao
das atividades depende do com-
promisso coletivo e da compre-
ensao dos limites de atuacao
de cada parte, o poder publico,
o empreendedor, as empresas
contratadas e os proprietarios
rurais.

De fato, as acoes de recu-
peracao ambiental do ribeirao
Santo Anténio do Grama foram
implementadas em um compro-
misso assumido coletivamente,
baseado no projeto de recupe-
racao. As agoes foram agrupadas
em quatro tipos: a¢oes estrutu-
rantes, acoes de estabilizacao,
acoes de revegetacao e agoes de
monitoramento, cujas premissas
basicas sao apresentadas a se-
guir.
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Recovery strategies

Taking action to repair im-
pacts is not the only appropriate
and applicable strategy. It is ne-
cessary to commit to perpetua-
tion of benefits.

This is only possible with

the factual and full involvement
of the institutional agents and
local producers, i. e., the owners
who accepted the execution of
the proposed actions.
The successful implementation
of the activities depends on the
collective commitment and un-
derstanding of the limits of action
of each party, the public autho-
rity, the entrepreneur, contracted
companies and land owners.

In fact, the environmen-
tal recovery actions of the Santo
Anténio do Grama stream were
implemented in a collective com-
mitment based on the recovery
project. The actions were grou-
ped into four types: structuring
actions, stabilization actions, re-
vegetation actions and monito-
ring actions, whose basic premi-
ses are presented below.
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O uso antropico antigo
dos terrenos da regiao ha muito
modificou a paisagem e deixou
os solos degradados e afetados
por processos erosivos. Para
reverter na area do projeto al-
gumas das consequéncias da
prolongada degradacao foi ne-
cessario atingir o intimo dos
receptores, responsaveis por
manter as agoes no futuro e as-
sim perpetuar e difundir o lega-
do da recuperacao.

Para garantir que as are-
as em recuperacao continuem
a ser preservadas futuramente
foram construidos bebedouros
para o gado fora das APPs e po-
leiros artificiais, e conduzidas
atividades de educacao am-
biental.

Os proprietarios e a co-
munidade local receberam in-
formacoes sobre as condicoes
degradadas da area que man-
tém a suscetibilidade a erosao
e de como limitar ou eliminar
os fatores que impulsionam a
degradacao constante da area.
Procedeu-se, ainda, ao cerca-
mento e reconstrucao topogra-
fica dos terrenos, de modo a
permitir o estabelecimento da
vegetacao e reduzir a vulnera-
bilidade a erosao.
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The old anthropic use
of land in the region has long
changed the landscape and left
soils degraded and affected by
erosion. To reverse some of the
consequences of the prolonged
degradation in the project area,
it was necessary to reach deep
within the recipients, responsib-
le for maintaining future actions
and thus perpetuating and spre-
ading the legacy of recovery.

To ensure that the areas
under recovery continue to be
preserved in the future, livesto-
ck drinking fountains were built
outside the PPAs and artificial
perches, and environmental
education activities were con-
ducted.

The land owners and the
local community have been in-
formed about the degraded
conditions of the area that main-
tain susceptibility to erosion and
how to limit or eliminate the fac-
tors driving the constant degra-
dation of the area. The fencing
and topographic reconstruction
of the land proceeded in order to
allow the establishment of vege-
tation and reduce vulnerability
to erosion.
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Educacao ambiental
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Uma equipe de especialistas realizou visitas as
propriedades para explicar a comunidade sobre as in-
tervengoes que seriam realizadas em suas areas. Nas
visitas, os profissionais forneceram conhecimentos
basicos sobre manejo de bacias, indicando os benefi-
cios de uma propriedade ambientalmente correta.

Foram distribuidas cartilhas sobre a impor-
tancia das APPs e exibidos videos explicativos sobre
todo o processo em andamento, ampliando a area de
abrangéncia do projeto para escolas municipais e para
grande parte da comunidade. A equipe executora das
agoes em campo também foi envolvida nas agoes de
educacao ambiental.

A transparéncia nas agdes foi ponto fundamen-
tal para o sucesso das atividades.

Environmental education

A team of specialists visited every household to
explain to homeowners about the interventions that
would be carried out in their areas. During the visits, the
professionals provided basic knowledge of watershed
management, indicating the benefits of an environmen-
tally correct property.

Booklets on the importance of PPAs were distribu-
ted and explanatory videos were displayed on the entire
ongoing process, expanding the project’s extent area to
municipal schools and to a huge part of the community.
The field action team was also involved in environmen-
tal education actions.

The transparency in these actions was funda-
mental to the success of the activities.

Bebedouros

Em cada propriedade, para dessedentar o gado fo-
ram construidos bebedouros fim de desestimular a ida
dos animais ao curso d’'agua.

Os bebedouros distantes do curso d'agua e o isola-
mento da area nao apenas evitam a compactacao do solo
e danos as mudas pelo pisoteio do gado, como previnem
a contaminacao da agua com os dejetos, principal fonte
de matéria organica animal das aguas do ribeirao Santo
Antonio do Grama. O aumento da matéria organica na
agua pode favorecer o desenvolvimento de organismos
patogénicos.

Drinking fountains

In order to quench the cattle’s thirst drinking foun-
tains were built in each property, which also discourage the
going of the animals to the watercourse.

Drinking fountains away from the watercourse and
the isolation of the area not only prevent soil compression
and damage to seedlings by trampling cattle, but also pre-
venting water contamination with waste, the main source
of animal organic matter in the waters of the Santo Anténio
do Grama stream. Increased organic matter in water may
favors the development of pathogenic organisms.
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Cercamento
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Um dos primeiros passos adotados na
recuperacao da area, dominada por pastagens, foi o
isolamento.

Para evitar que animais, maquinas e pessoas
circulem pela area em recuperagao e limitar as
atividades agropecuarias nas APPs instalaram-se
cercas de arame ao longo de 8 quilémetros das duas
margens do curso d'agua.

Fencing

One of the first steps taken in recovering pasture-
dominated land was isolation.

In order to prevent animals, machinery and
people from circulating in the recovering area and to
limit agricultural activities in the PPA, wire fences were
installed along 8 kilometers of the two margins of the
watercourse.

Poleiros artificiais

Foram instalados poleiros para atragao de aves
e morcegos dispersores, estratégia simples e viavel,
para auxiliar na restauracao da vegetacao natural, pos-
sibilitando a deposigao nas proximidades das semen-
tes transportadas nas fezes e no material regurgitado
pelos animais.

O numero e a disposicao dos poleiros foram de-
finidos principalmente a partir da oferta de material e
da distancia da area aos poucos fragmentos florestais
e aos regenerantes adultos isolados nas pastagens.

Artificial perchs

Perches were installed to attract dispersing birds
and bats, a simple and viable strategy to assist in the
restoration of natural vegetation. This enables deposi-
tion in the vicinity of seeds transported in feces and ma-
terial regurgitated by animals.

The number and disposition of perches were
mainly defined from the supply of material and the dis-
tance from the area to the few forest fragments and to
the isolated regenerating adults in the pastures.
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Como exposto, as margens
do ribeirao Santo Anténio do Gra-
ma sao afetadas pela erosao, po-
tencializada pela retirada da ve-
getacao, que agrava a degradacao
ambiental do curso d'agua.

A dinamica fluvial e a de-
gradacao permanente nao per-
mitem o estabelecimento de uma
vegetacao desenvolvida, manten-
do o ambiente altamente instavel.
A vegetagao é ruderal e herbacea,
dominada por poucas espécies da
familia Gramineae, em manchas
esparsas nos taludes, onde nao
exerce a funcao de contribuir com
a fixacao, levando a ocorréncia de
pequenos movimentos de massa.

Recuperar as margens de
um curso d'agua degradado por
processos erosivos de natureza
antropica € um trabalho bastante
complexo devido a prépria dina-
mica fluvial, que é naturalmente
caracterizada por erosdes e de-
posicoes. O processo é ainda mais
complexo nas planicies aluviais,
formadas por sedimentos sem co-
esao, onde a erosao e a deposigcao
sao mais rapidas.

Buscando reduzir a acao dos
processos erosivos promovidos
pelo uso pecuario e incorporar a
area recuperada a paisagem adota-
ram-se quatro técnicas: aplicacao
de palicadas, cultivo de capim-ve-
tiver, rip-rap e enrocamento, além
da suavizagao das margens onde
necessario.
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As explained, the margins
of the Santo Anténio do Grama
stream are affected by erosion,
enhanced by vegetation removal,
which aggravates the environ-
mental degradation of the water-
course.

The river dynamics and per-
manent degradation do not allow
the establishment of a developed
vegetation, keeping the environ-
ment highly unstable. The vege-
tation is ruderal and herbaceous,
dominated by few species of the
Gramineae family, in sparse pat-
ches on the slopes, where it does
not play a role in contributing to
the fixation, leading to small mass
movements.

Recovering the margins of
a watercourse degraded by an-
thropogenic erosive processes is a
very complex task due to the river
dynamics itself, which is naturally
characterized by erosion and de-
position. The process is even more
complex on the floodplains, for-
med by cohesive sediments, where
erosion and deposition are faster.

In order to reduce the action
of erosive processes promoted by
livestock use and incorporate the
recovered area into the landscape,
four techniques were adopted: pa-
lisades application, vetiver grass
cultivation, rip-rap and rockfill, be-
sides smoothing the margins whe-
re necessary.

Recuperacao Ambiental

8




Palicadas

O uso das palicadas objetivou ampliar a estabili-
dade dos taludes expostos da calha em locais de risco a
solapamentos, minimizando os efeitos da erosao fluvial
e do escoamento superficial.

Palicadas sao anteparos de pecas de madeira tra-
tada, dispostas de modo a proteger a margem do emba-
te das aguas. Foram construidas nos estreitamentos da
calha, nas curvas ou trechos retilineos expostos e em
outros trechos vulneraveis, na tentativa de favorecer
também o estabelecimento da vegetacao.

Palisades

The use of palisades aimed to increase the stability
of the exposed qgutter slopes at risk of undermining, mini-
mizing the effects of river erosion and surface runoff.

Palisades are bulkheads of treated wood, arranged
to protect the edge of the water’s impact. They were built
in narrow gutters, curves or exposed straight stretches
and other vulnerable stretches, in an attempt to favor the
establishment of vegetation.
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Rip-rap

O rip-rap foi adotado na contencao das margens
dos terracos aluviais, mais arenosos, afetados por erosoes.
A técnica utiliza sacos de solo ensacado.

Os sacos foram preenchidos com solo e uma mistu-
ra de sementes, para a rapida formacao de uma cobertura
vegetal (rip-rap verde). Foram dispostos horizontalmente
de modo a reduzir o volume de vazios. Os sacos sao bio-
degradaveis e as sementes germinadas rapidamente for-
mam uma camada herbacea no local.

Rip-rap

Rip-rap was adopted to contain the margins of the
more sandy alluvial terraces affected by erosion. The tech-
nique uses bagged soil bags.

The bags were filled with soil and a mixture of seeds
for rapid formation of a green cover (green rip-rap). They
were arranged horizontally to reduce the void volume. The
bags are biodegradable and the quickly germinated seeds
form a herbaceous layer on the spot.
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Enroncamento

O enrocamento foi uma técnica utilizada
como “amortecedor” da velocidade do fluxo d’agua.
A estrutura foi executada com pedras sobrepostas
nas margens da calha fluvial objetivando proteger
trechos erosivos mais expostos e vulneraveis a so-
lapamentos.

A técnica foi usada isoladamente ou associa-
da a outras técnicas, sendo muito importante para a
estabilizacao de diversos pontos da calha.

Rockfill

Rockfill was a technique used as a “damper” of
the flow velocity of the water flow. The structure was
made with overlapping stones on the margins of the
river gutter to protect erosive sections more exposed
and vulnerable to undermining.

The technique was used alone or in combina-
tion with other techniques, being very important for
the stabilization of several points of the gutter.
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Capim-vetiver

O capim-vetiver, Chrysopogon zizanioides, é
uma planta originaria da India, uma herbacea pe-
rene bastante resistente e consistente. O amplo
uso do capim-vetiver decorre de suas caracteris-
ticas, em especial, das longas raizes que permitem
o grampeamento do solo, e por serem individuos
estéreis, nao oferecem risco de se tornarem inva-
soras.

O capim-vetiver foi utilizado na recupe-
racao de areas erodidas nas margens e encostas,
com as finalidades de retardar e espalhar o escoa-
mento da agua, ampliar a infiltragao e formar rapi-
damente uma barreira natural, quase sempre nas
areas onde foram construidas pali¢adas.

Vertiver grass

Vetiver grass, Chrysopogon zizanioides, is a
plant originally from India, a very resistant and con-
sistent perennial herbaceous. The wide use of veti-
ver grass is due to its characteristics, in particular,
the long roots that allow soil stapling, and because
they are sterile individuals, offering no risk of beco-
ming invasive.

Vetiver grass was used in the recovery of
eroded areas on the margins and slopes, with the
purpose of slowing and spreading water flow, in-
creasing infiltration and quickly forming a natural
barrier, mostly in the areas where palisades were
built.
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A recuperacao da cobertura
vegetal tem como funcao contribuir
com a estabilizacao e protecao do ter-
reno, atenuando a agao dos processos
erosivos. O plantio, seja de herbaceas,
arboéreas ou arbustivas, é primordial
para melhorar a estruturagao do solo e
impulsionar os mecanismos de suces-
sao ecolégica, criando condig¢oes para
outros individuos se estabelecerem na
area.

A selecao de espécies é funda-
mental no processo de restauragao
e deve buscar o estabelecimento de
populacoes autossustentaveis. Sele-
clonaram-se espécies nativas comuns
na regiao e outras capazes de se de-
senvolver bem na area, indicadas com
base no conhecimento da equipe res-
ponsavel pelo projeto.

A selecao considerou a capaci-
dade das espécies sobreviverem em
faixas estreitas e espécies atrativas
para fauna nativa, e incluiu frutiferas
nativas e exoticas para consumo pro-
prio.

Foram selecionadas espécies
capazes de se estabelecerem e se de-
senvolverem bem na area e de se dis-
persarem, ampliando as populacoes
naturais.

Usaram-se seis diferentes téc-
nicas de recuperacao da vegetacao,
descritas a seguir.
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The recovery of vegetation cover
aims at contributing to the stabilization
and protection of the land, mitigating
the action of erosive processes. Whe-
ther herbaceous, arboreal or shrubby,
planting is key to improving soil struc-
ture and boosting ecological succession
mechanisms, which creates conditions
for other individuals to settle in the area.

Species selection is critical in the
recovery process and should seek to
establish self-sustaining populations.
There were selections of native species,
common in the region and others ca-
pable of developing well in the areaq, in-
dicated based on the knowledge of the
team responsible for the project.

The selection considered the abi-
lity of species to survive in narrow ran-
ges and attractive species for native
fauna, and included native and exotic
fruit for their own consumption.

The selection also involved spe-
cies that were able to settle and develop
well in the area and to disperse, expan-
ding the natural populations.

Six different vegetation recovery
techniques were used and they were
described below.
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Hidrossemeadura
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Adotada nas vertentes mais inclinadas
com solo exposto, onde foi possivel usar o
equipamento de hidrossemadura, com objetivo
de formar uma cobertura herbacea continua.

A acao consistiu no hidrojateamento dos
terrenos, aplicando uma mistura composta de
matéria organica, fertilizante, mulch e mix de
sementes, de espécies capazes de crescerem
nos terrenos expostos.

Hydroseeding

It was adopted in the steepest slopes with
exposed soil, where it was possible to use the hy-
droseeding equipment, with the purpose of for-
ming a continuous herbaceous cover.

The action consisted of blasting water in
the land by applying a mixture composed of or-
ganic matter, fertilizer, mulch and seed mix of
species capable of growing on the exposed land.

Plantio

Uma equipe treinada abriu as covas para o plantio
das mudas. O solo extraido das covas foi adubado, e os
tipos e quantidades de fertilizantes foram determinados
com base nas caracteristicas dos solos, que foram amos-
trados e analisados. Foi usado também o hidrogel, um
aditivo com capacidade de armazenar e fornecer agua
para a planta por até 15 dias.

Nesta etapa foram identificados regenerantes na-
tivos, os quais foram coroados, aumentando a probabili-
dade de sucesso da restauracao.

Planting

A trained team opened the pits for planting the se-
edlings. The soil extracted from the pits was fertilized, and
the types and quantities of fertilizers were determined
based on soil characteristics, which were sampled and
analyzed. Hydrogel was also used, an additive capable of
storing and supplying water to the plant for up to 15 days.

In this stage, native regenerants were identified,
which were crowned, increasing the success probability of
the recovery.
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Semeio de espécies nativas
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Com o intuito de tornar mais eficiente a propaga-
cao de espécies nativas na area, foi realizada a semea-
dura direta, utilizando sementes de espécies com bom
potencial de germinacao e que nao exigem métodos de
quebra de dorméncia. A semeadura foi realizada junto
com o plantio de mudas.

A semeadura direta de espécies nativas, alternati-
va viavel de baixo custo, foi usada para incluir espécies
tardias que nao colonizariam naturalmente as areas em
recuperacgao.

Seeding of native species

In order to make the propagation of native species
more efficient in the area, direct seeding was performed
using seeds of species with good germination potential
and that do not require dormancy breaking methods. The
seeding was carried out along with the seedlings planting.

Direct seeding of native species, which is a viable,
low-cost alternative, was used to include late species that
would not naturally colonize recovering areas.

Plantio multiclasse

Para diminuir a competicao das mudas e plantulas
com as ervas ruderais dominantes na area, em especial, o
capim-braquiaria, foram plantadas mudas com diferen-
tes alturas (multiclasse), na tentativa de acelerar o som-
breamento e o préprio desenvolvimento da vegetacao.

Como resultado inicial, os individuos maiores ja
vém sombreando a braquiéria invasora, favorecendo o
desenvolvimento das mudas menores e contribuindo
com o aumento da matéria organica nos terrenos.

Multi-class planting

In order to reduce the competition of seedlings and
seedlings with the dominant ruderal herbs in the area, es-
pecially the brachiaria grass, seedlings of different heights
were planted in an attempt to accelerate shading and ve-
getation development.

As an initial result, larger individuals have already
been shading the invading brachiaria, favoring the deve-
looment of smaller seedlings and contributing to the incre-
asing of organic matter in the land.

Recuperacao Ambiental




Recuperacao Ambiental Recuperacao Ambiental



Transplante de aquaticas nativas
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Espécies aquaticas da propria area foram trans-
plantadas para as por¢oes em recuperagao, com o obje-
tivo de maximizar a retencao de sedimentos, criar novos
micro habitats e contribuir com a melhoria da qualidade
da agua, ja que as plantas podem atuar como fitorreme-
diadoras dos terrenos onde ainda ha resquicios de ferro.

Usaram-se espécies comuns, como o lirio-do-
-brejo, que vém atuando como “filtros verdes” e contri-
buindo com o aumento da estabilidade das margen:s.

Transplant of native aquatics

Aquatic species from the area itself were transplan-
ted to recovering portions to maximize sediment retention,
create new microhabitats and contribute to the improve-
ment of water quality, whereas plants can act as phytore-
mediators of land where there is still iron remnants.

Common species have been used, such as white
ginger lily, which have been acting as “green filters” and
contributing to increased margin stability.

Canaleta verde

O escoamento superficial € um dos prin-
cipais agentes da dinamica superficial da regiao.
A auséncia de vegetagao nas areas rurais reduz
drasticamente a capacidade de infiltracao das
aguas nos solos, favorecendo a erosao e o trans-
porte de material detritico. Para prevenir a ero-
sao, é preciso concentrar, controlar e direcionar
as aguas de escoamento superficial.

Um sistema de canaletas verdes foi cons-
tituido no solo, onde foram abertas as canaletas,
depois revestidas com biomanta e hidrosseme-
adas. Nas porgdes terminais das canaletas fo-
ram instalados dissipadores de energias, rochas
metodicamente dispostas.

Green gutter

The surface runoffis one of the main agents
of the region’s surface dynamics. The absence of
vegetation in rural areas drastically reduces the
ability of water to infiltrate soils, which favors
erosion and the transport of debris. To prevent
erosive processes, it is necessary to concentrate,
control and direct surface runoff waters.

A green gutter system was formed in the
soil, where the gutters were opened, then cove-
red with biomantle and hydroseeded. In the ter-
minal portions of the gutters, energy dissipaters
and methodically arranged rocks were installed.
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Em todas as areas onde for identificada a
proliferacao de gramineas ruderais, que acabam
por competir com as mudas por agua, luz e nu-
trientes, proceder-se-a a eliminacao das com-
petidoras. Estao sendo empregados os seguintes
indicadores e parametros no monitoramento das
APPS em restauracao:
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In all areas where ruderal grass prolifera-
tion is identified, which eventually competes with
seedlings for water, light and nutrients, competi-
tors will be eliminated. The following indicators
and parameters will be used to monitor PPAs un-
der recovery:

Experimentos

TUBO FERTILIDADE

Produto em desenvolvimento pela empresa
Rupestris Biotecnologia Aplicada a Propagacao Ve-
getal, em processo de obtencao de patente.

Sua composicao aumenta o desempenho da
muda em crescimento e a resisténcia a secas. Os
primeiros resultados ja apontam para a otimizagao
do processo de implantacao e a diminuicao dos
custos de insumos e manutencao.

COROAMENTO COM GEOTEXTIL

Um dos maiores entraves em projetos de
reflorestamento é superar a dominancia de gra-
mineas invasoras e a competi¢cao por agua, luz e
nutrientes. Neste projeto, como uso alternativo ao
controle mecanico de rocadas e coroamentos, que
demanda mao de obra e eleva o custo operacional,
esta sendo estudado o uso de geotéxtil tratada no
coroamento das mudas.

Com essa técnica espera-se reduzir a perda
de umidade do solo, em decorréncia da tempera-
tura mais elevada nas camadas superficiais, induzir
o crescimento da muda e inibir o desenvolvimento
das gramineas ruderais. O custo inicial é elevado,
mas pode ser compensado com a possibilidade de
reduzir ou mesmo eliminar a necessidade de coro-
amento manual.

Experiments

FERTILITY TUBE

Product under development by Rupestris
company Biotechnology Applied to Plant Propaga-
tion, in the process of obtaining a patent.

Its composition increases growth performan-
ce and drought resistance. The first results already
point to the optimization of the implantation pro-
cess and the reduction of the input and maintenance
costs.

CROWNINGC WITH GEOTEXTIL

One of the biggest obstacles in reforestation
projects is overcoming the dominance of weeds and
competition for water, light and nutrients. In this pro-
ject, as an alternative use to mechanical control of
mowing and crowning, which demands labor and
raises the operational cost, the use of treated geo-
textile in the crowning of seedlings is under studly.

With this technique, it is expected to reduce
soil moisture loss due to the higher temperature in
the superficial layers, induce seedling growth and
inhibit the development of ruderal grasses. The ini-
tial cost is high, but it can be offset by the possibility
of reducing or even eliminating the need for manual
crowning.
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Resultados

Neste processo de recuperagao, a carac-
teristica mais marcante do ribeirao Santo An-
tonio do Grama é a degradacao da calha e das
margens e o continuo e constante processo
de erosao promovido pelo uso e ocupacao da
area. Além disso, maior parte da area afetada é
a estreita planicie aluvial e a calha fluvial, natu-
ralmente sujeitas aos processos erosivos e de
sedimentacao fluviais. O projeto foi implantado
com o apoio da Anglo American, com os obje-
tivos de reparar os danos e trazer ganhos am-
bientais, superando muito os impactos negati-
vos dos vazamentos. Para isso foram utilizados
os conceitos de reconhecer, evitar, minimizar,
restaurar, compensar e aplicar a¢des adicio-
nais.

Todas atividades foram exercidas com a
finalidade de reduzir a magnitude dos impac-
tos nas margens e no curso d'agua e por isso
priorizaram-se atividades manuais. Os terre-
nos afetados por erosdes foram conformados
e depois revegetados, como foram as margens
com os solos expostos.

A introducao de mudas de espécies nati-
vas vem impulsionando o aumento da hetero-
geneidade das faixas ribeirinhas, formando pe-
quenos corredores, mesmo que em faixas tao
estreitas.

Além do carater ecolégico e participati-
vo, 0 projeto tem uma vertente técnica e expe-
rimental relevante, ao incentivar a pesquisa de
novas técnicas de restauracao. Em linhas ge-
rais, o projeto de restauracao do ribeirao Santo
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Results

In this recovery process, the most striking
feature of the Santo Anténio do Grama stream is
the degradation of the gutter and the margins,
and the continuous and constant erosion pro-
cess promoted by the use and occupation of the
area. In addition, most affected area is the nar-
row floodplain and river qutter, naturally submit-
ted to river erosion and sedimentation processes.
The project was implemented with Anglo Ame-
rican’s support, with the goals of repairing the
damage and bringing environmental gains, far
outweighing the negative impacts of the leaks.
For this, the use of the concepts of recognizing,
avoiding, minimizing, restoring, compensating
and applying additional actions were important.

All activities were carried out with the
purpose of reducing the magnitude of impacts
on the margins and the watercourse, so manual
activities were prioritized. The lands affected by
erosion were shaped and then revegetated, as
were the margins with exposed soils.

The introduction of native species seedlin-
gs has been driving the heterogeneity increase of
the riparian range, forming small corridors, even
in such narrow ranges.

Besides the ecological and participatory
sense, the project has a relevant technical and
experimental aspect, by encouraging the resear-
ch for new recovery techniques. In general and
for now, the Santo Anténio do Grama stream re-
covery project has obtained the following results:
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Antonio do Grama obteve, por ora, os seguintes
resultados:

»»Desenvolvimento de uma maior intera-
cao entre a empresa e a comunidade local;

»»Divulgacao da importancia de preservar
as margens e calhas de cursos d'agua;

»»Implementacao de novas metodologias
de distribuicao de mudas;

»»Controle de erosoes;

»»Reestabelecimento de pequenos mi-
crohabitats aquaticos;

»»Diminuicao da turbidez da dgua no trecho
em restauracao;

»»Protecao da calha e reducdo da erosao
fluvial;

»»Contribuicao com a mudanga positiva da
paisagem local.

»»Development of greater interaction
between the company and the local community;

»»Disclosureoftheimportanceofpreserving
the margins and gutters of watercourses;

»»Environmental regularization of
properties;

»»Implementation of new  seedling
distribution methodologies;

»»Erosion control;

»»Reestablishment of small aquatic
microhabitats;

»»Decreased water turbidity in the stretch
under recovery;

»»Gutter protection and reduction of river
erosion;

»»Contribution to the positive change of
the local landscape.
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