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RESUMO

O sucesso do fechamento de mina, e a minimizagdo dos seus riscos associados, depende
principalmente, da regulamentacdo associada e de como as empresas mineradoras planejam o
fechamento. Dessa forma, essa pesquisa foi feita dividida em dois artigos. No Artigo 1,
considerando as melhores praticas internacionais, foi feita avaliacdo do Arcabouco Legal de
Fechamento de Mina (ALFM) no ambito federal brasileiro e do fluxo processual atual. Para
tanto, foram selecionadas nove recomendacdes relevantes extraidas da literatura para compor
uma estrutura regulatoria de fechamento de mina. As recomendagdes foram classificadas em
atende, atende parcialmente e ndo atende, de acordo com o julgamento profissional dos autores.
Os resultados demonstram que apesar dos avangos obtidos com recentes mudangas, a legislagéo
brasileira de fechamento de mina ainda apresenta inconsisténcias, incoeréncias, lacunas e se
distancia das recomendag@es internacionais. Os atuais requisitos legais ainda ndo garantem a
reducdo dos impactos associados ao fechamento de mina. Foi proposto um novo fluxo no
processo de fechamento de mina e alteracGes para melhorar o processo regulatério de fechamento
de mina no pais. No Artigo 2, considerando as recomendacdes das melhores praticas
internacionais, foi desenvolvido e testado um procedimento para avaliar, durante a fase
operacional, a preparacdo das mineradoras para o fechamento de mina. Com base nos principios
de estabilidade fisica, estabilidade quimica, transicdo socioeconémica e uso da terra poés-
mineracdo, uma lista de verificacdo contendo 69 declaraces de melhores préticas foi testada em
trés minas metalicas em operagdo no Nordeste brasileiro. As declaracdes de melhores praticas e
seus respectivos pesos foram submetidos a um grupo de especialistas de 12 membros. As praticas
foram organizadas em quatro areas de avaliacdo: (i) documentos de fechamento de mina, (ii)
estabilidade fisica e quimica, (iii) custos e provisao financeira, e (iv) engajamento da comunidade
e transicédo social. Ao aplicar a ferramenta, as evidéncias foram coletadas por meio de reviséo de
documentos, entrevistas e inspecdes no local, e avaliadas usando julgamento profissional para
determinar um nivel de realizacdo para cada grupo de praticas. Um indice de preparacgdo foi entdo
calculado e um nivel de preparacdo foi obtido. Todas as minas testadas em campo tiveram uma
classificacdo boa em custo e provisionamento financeiro, mas classificadas na faixa média para
as outras trés areas de avaliacdo, indicando um risco de legado negativo. Tendo em vista 0s
resultados apresentados, o fechamento de mina deve ser motivo de preocupacdo para 0S
reguladores, investidores e comunidades.

Palavras-chave: Fechamento de mina; legislacdo; legado; planejamento de mina; reabilitacdo de

mina; fechamento prematuro.



ABSTRACT

The success of mine closure, and the minimization of its associated risks, depends primarily on
the associated regulations and how mining companies plan for closure. Thus, this research was
divided into two research papers. In Paper 1, considering the best international practices, an
assessment of the mine closure’s legislation was made in the Brazilian federal level and of the
current processual flow. Therefore, nine relevant recommendations from the literature were
selected to create a regulatory structure of mine closure. The recommendations were classified in
satisfies, partially satisfies and does not satisfies, by the authors's professional judgment. The
results shows that despite the advances obtained with the recent changes, the Brazilian mine
closuring legislation still has inconsistencies, incoherence, gaps and does not meet the
requirements from international recommendations. The current legal requirements still do not
guarantee the reduction of impacts associated to the mine closure. A new flow was proposed in
the mine closure process, and changes to improve the regulatory process of mine closure in
Brazil. In Paper 2, considering international best practices recommendations, we developed and
tested a procedure to evaluate, during the operational phase, the preparedness of companies to
close a mine. Based on the principles of physical stability, chemical stability, socioeconomic
transition, and post-mining land use, a weighted checklist containing 69 best practice statements
was tested in three operating metal mines in Northeastern Brazil. The best practice statements and
their respective weights were submitted to a 12-member expert group. The practices are
organized in four assessment areas: (i) mine closure documents, (ii) physical and chemical
stability, (iii) costs and financial provisioning, and (iv) community engagement and social
transition. In applying the tool, evidence is collected by document review, interviews and site
inspections, and evaluated using professional judgement to determine a level of achievement for
each group of practices. A preparedness index is then calculated and a preparedness level is
obtained. All field-tested mines ranked high for cost and financial provisioning, possibly
reflecting they are publicly-owned companies, but ranked in the medium range for the three other
assessment areas, indicating a risk of negative legacy. In view of the results presented, mine
closure should be a matter of concern for regulators, investors and communities.

Keywords: Mine closure; legislation; legacy; mine planning; mine rehabilitation; early closure.
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CAPITULO 1
INTRODUCAO GERAL

A industria de mineracdo desempenha um papel fundamental no apoio a sociedade
contemporanea e seu desenvolvimento, pois fornece as matérias primas fundamentais para a
producdo dos bens de consumo da sociedade mundial atual (Cowan et al 2010; Dias et al 2013).
Contudo, ao mesmo tempo, historicamente, verificam-se os casos de fechamentos malsucedidos,
sejam eles temporarios ou definitivos e os casos de abandono de mina (Pepper, 2020), que
representam riscos a salde e seguranca humana, ao meio ambiente e, podem gerar impactos

socioeconémicos negativos (Unger, 2017; Unger et al., 2020).

Em alguns casos, o fechamento temporéario se da por um tempo tdo grande e sem que a
empresa tenha executado as acGes de manutencdo e monitoramento ou aquelas relativas ao
efetivo fechamento da mina, que por muitas vezes podem ser consideradas como situagdes
analogas as de abandono (Resende & Lima, 2009). Contudo, normalmente, situacbes como essas,
ndo sdo de conhecimento publico, o que contribui para que problemas dessa natureza persistam.

Fechamentos malsucedidos e o abandono de minas sdo problemas recorrentes em todo o
mundo (Aradjo, 2015). Embora ndo existam registros a nivel nacional, no Brasil ndo é diferente,
podendo ser citados o0s casos em Santa Catarina (Castilhos, 2011; MPF, 2015), Espirito Santo
(MPF, 2016) e Minas Gerais (FEAM, 2016). A regido do semiarido baiano também ja
experimentou as consequéncias negativas decorrentes do fechamento malsucedido ou abandono.
Dentre diversos outros casos, como exemplo, pode ser citado o caso da mina de chumbo de

Boquira, localizada no municipio de mesmo nome. De acordo com Cunha et al., (2016), em 1992,
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0s altos custos operacionais da lavra subterranea e a queda da cotag&o do concentrado de chumbo
no mercado internacional causaram a paralisacdo das atividades da mineradora. Com o
encerramento das atividades produtivas, a mina foi abandonada, gerando passivos que perduram
até os dias de hoje. Dentre os principais problemas verificados tem-se uma pilha de rejeitos de
minério de chumbo sem qualquer tipo de controle, e servindo de local para armazenamento
desordenado do lixo da cidade.

No ambito do semiarido baiano, as principais causas para os problemas de fechamento
malsucedido e abandono das minas de metalicos, é que desde a sua criacdo, a legislacdo federal
ndo contempla todos os requisitos minimos esperados de um marco legal de fechamento de mina
e que as empresas mineradoras ndo aplicam as boas préaticas ja consolidadas de fechamento de
mina.

O sucesso do fechamento de mina depende principalmente dos governos, das empresas
mineradoras e das comunidades localizadas no entorno dos empreendimentos (Syahrir et al.,
2021).

Aos governos cabe definir uma estrutura de regulacdo de fechamento de mina que contenha
requisitos claros, garantindo seguranca juridica, além de fazer, por meio de procedimentos de
fiscalizacdo, com que as empresas de mineracdo cumpram todos 0s requisitos previstos nos
dispositivos legais existentes.

As empresas devem planejar o fechamento de mina, de acordo com a legislagédo vigente e
seguindo as melhores praticas existentes, desde antes do inicio da implantacdo do projeto,
executando todos os estudos e etapas ao longo da vida util da mina e atualizando o plano de
fechamento de mina a medida que haja mudancas no processo produtivo, mercadologicas,

ambientais, regulatdrias ou nas expectativas das comunidades do entorno (ICMM, 2018). Plano
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de fechamento de mina é definido como um documento que consolida a estratégia e a visdo de
uma empresa em relacdo ao fechamento de mina e deve apresentar uma descrigio
suficientemente detalhada das medidas ou programas a serem implementados para que oS
objetivos do fechamento sejam atingidos (S&nchez et al., 2013). Assim, é fundamental a
avaliacdo constante do plano de fechamento de mina de modo que as a¢fes necessarias sejam
implementadas de forma progressiva ao longo de toda vida Util da mina, e ndo s6 quando do
encerramento definitivo das atividades, de modo a poder avaliar constantemente o atendimento
aos critérios de fechamento pré-determinados, maximizando o0s pontos positivos e corrigindo os
negativos.

Dessa forma, o principal objetivo desta pesquisa é avaliar a legislacdo federal de fechamento
de mina, bem como a preparacdo de mineradoras de minerais metéalicos do semiérido baiano para
o fechamento de mina. Como objetivos especificos, tem-se: (i) avaliar e propor melhorias na
legislacdo federal de fechamento de mina; (ii) propor uma metodologia para avaliar a preparacao
de mineradoras para o fechamento; (iii) identificar as principais praticas a serem consideradas na
avaliacdo de preparacdo para um fechamento de mina.

O estudo em questdo se justifica, tendo em vista que: (i) nenhum estudo foi realizado
avaliando todo o Arcabouco Legal de Fechamento de Mina - ALFM estabelecido entre os anos de
2018 e 2022 de responsabilidade do governo federal; estudos neste sentido podem contribuir na
elaboracdo de novas legislagdes ou na melhoria das ja existentes; (ii) sdo escassos 0s estudos
desenvolvidos na area de fechamento de mina no Brasil, sobretudo no estado da Babhia; (iii) o
estudo realizado é inedito, ndo existe um método que permita avaliar o nivel de preparagédo de
uma determinada mineradora para o fechamento de suas minas; (iv) a mineracdo desempenha

papel importante na economia dos municipios do semiarido baiano onde estdo localizadas as
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grandes empresas de mineragcdo, figurando nestes municipios, como principal atividade,
exercendo forte influéncia no aspecto socioecondmico local e regional; (v) as mineragdes
selecionadas séo os principais empreendimentos de minerais do estado da Bahia, exercendo forte
impacto no ambiente local e regional.

Esta tese foi realizada com base no regimento do Programa de Pds-Graduacdo em Geologia
da Universidade Federal da Bahia - UFBA, sendo adotada a Resolugdo n° 01/2015 que determina
que a tese deve ser confeccionada na forma de artigos. Assim, para a tese foram confeccionados
dois artigos sobre que tratam sobre o tema fechamento de mina.

O Artigo 1, “Estrutura regulatdria federal no fechamento de mina no Brasil: avaliagdo
critica”, como o proprio titulo sugere, trata da avaliacdo do arcabouco legal de fechamento de
mina no pais, considerando as recomendacdes internacionais e propde mudancas para melhoria.
Este foi submetido em maio de 2023 a revista Geociéncias, ISSN 1980-900X, Qualis B2 para
Geociéncias. Geociéncias é uma revista trimestral, on-line, do Instituto de Geociéncias e Ciéncias
Exatas da Universidade Estadual Paulista (UNESP)/Campus de Rio Claro, que divulga trabalhos
sobre temas da Geologia e Geografia Fisica. O Artigo 2, “Are mining companies mature for mine
closure? An approach for evaluating preparedness” foi publicado na revista Resources Policy,
ISSN 0301-4207, Qualis Al para Geociéncias em setembro de 2022. O artigo trata da avaliacdo
da preparacao de empresas de minerais metalicos do semiérido baiano para fechamento de mina a
partir do desenvolvimento de metodologia especifica para tal. A Resources Policy é uma revista
internacional dedicada as questdes econémicas e politicas relacionadas a extracdo, producdo e
uso de combustiveis fosseis e minerais. S&o convidadas submissdes de pesquisas originais que
analisem questdes de politicas publicas, economia, ciéncias sociais, geografia e finangas nas areas

de mineragdo, minerais ndo combustiveis, minerais energéticos, combustiveis fosseis e metais.
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CAPITULO 2
ARTIGO 1 - ESTRUTURA REGULATORIA FEDERAL NO
FECHAMENTO DE MINA NO BRASIL: AVALIACAO CRITICA

Estrutura regulatdria federal no fechamento de mina no Brasil: avaliagéo critica

Introducéo

Metodologia

LimitacGes

Discussoes, interpretacées e resultados

Descrigdo geral da estrutura regulatéria brasileira
Legislagdo brasileira x recomendagdes internacionais

Proposicdes

Conclusdes

Agradecimentos

Referéncias
Resumo

O sucesso do fechamento de mina, depende, dentre outros fatores, dos instrumentos

regulatorios associados. Considerando as melhores préticas internacionais, foi avaliado o
Arcabouco Legal de Fechamento de Mina (ALFM) no ambito federal brasileiro e o
correspondente fluxo processual. Para tanto, nove recomendacgdes relevantes para compor uma
estrutura regulatéria de fechamento de mina foram extraidas da literatura. A insercdo dessas
recomendacdes no ALFM foi classificada segundo em “atende”, “atende parcialmente” e “nao
atende”, de acordo com o julgamento profissional dos autores. Os resultados demonstram que,
apesar dos avangos obtidos com recentes mudangas, a legislacdo brasileira de fechamento de
mina ainda apresenta inconsisténcias e lacunas e se distancia das recomendagdes internacionais.
Os atuais requisitos legais ainda ndo garantem a reducdo dos impactos ambientais, sociais e

econdmicos associados ao fechamento de mina. E proposto um novo fluxo processual e

alteragcdes do ALFM para melhorar o processo regulatorio de fechamento de mina no pais.
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Palavras-chave: fechamento de mina; legislacdo; politicas publicas; avaliacéo.

Federal regulatory framework on mine closure in Brazil: critical evaluation

Abstract

The mine closures success, depends among other factors, on the associated regulatory
instruments. Considering the best internacional practices, an assessment of the mine closure’s
legislation (Arcabouco Legal de Fechamento de Mina - ALFM) was made in the Brazilian federal
level and its corresponding procedural flow. Therefore, nine relevant recommendations to create
a regulatory structure of mine closure were selected from the literature. The incorporation of
these recommendations were classified in “satisfies”, “partially satisfies” and does “not satisfies”,
by the authors's professional judgment. The results shows that, despite the advances obtained
with the recent changes, the Brazilian mine closure legislation still has inconsistencies and gaps
and does not meet the requirements from international recommendations. The current legal
requirements still do not guarantee the reduction of environmental, social and economic impacts
associated to the mine closure. It is proposed a new procedural flow and changes to the ALFM to
improve the regulatory process of mine closure in Brazil.

Keywords: mine closure; legislation; public policy; evaluation.

INTRODUCAO
A mineracdo é uma atividade propulsora do desenvolvimento econémico e essencial para a
manutencdo do nivel de bem-estar da populacdo na sociedade contemporanea, por outro lado,

constitui também uma atividade que causa impactos adversos no ambiente no qual ¢ instalada.
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O fechamento responséavel de mina, seguindo orienta¢des técnicas adequadas, é essencial para
que sejam maximizados os beneficios sociais e econdmicos, bem como sejam minimizados 0s
impactos adversos gerados pela atividade mineradora (United Nations, 2016). Na auséncia de
acOes adequadas para fechamento de mina, pode haver impactos e riscos ambientais e
socioecondémicos remanescentes, configurando um legado negativo para as comunidades locais
(IGF & ICMM, 2021). De um modo geral, o fechamento responsavel de mina engloba a
desativacdo das instalacOes, a reabilitacdo das areas degradadas, a manutencdo e monitoramento
pos-reabilitacdo até alcancar a estabilidade fisica e quimica da area degradada, entre outras acoes
(ANM, 2021; ICMM, 2018; Sanchez, et al., 2013), segundo um plano capaz de proporcionar um
uso futuro benéfico e sustentavel a longo prazo, além de minimizar os impactos socioecondmicos
(Peck, 2005), tendo como base um plano de fechamento desenvolvido antes do inicio da vida da
mina e com atualizacgdes regulares ao longo das fases de operacéo e desativacdo (APEC, 2018).

O plano de fechamento de mina é definido como um documento que consolida a estratégia e a
visdo de uma empresa em relacdo ao fechamento de mina e deve apresentar uma descri¢ao
suficientemente detalhada das medidas ou programas a serem implementados para que oS
objetivos do fechamento sejam atingidos (Sanchez et al., 2013). De acordo com Gongalves
(2017), constitui o principal instrumento preventivo destinado a gestdo de riscos e minimizacéo
dos impactos ap6s o fim da operacéo.

O fechamento de mina pode ter carater definitivo ou temporario. O fechamento definitivo é
aquele que ocorre na data prevista no Plano de Fechamento de Mina (PFM), que por sua vez deve
refletir as informacgdes constantes no Plano de Aproveitamento Econdmico em relacdo as
estruturas, producédo e vida util, por exemplo. Porém, o fechamento pode ocorrer antes da data

prevista devido a fatores mercadoldgicos, técnicos, ambientais, acidentes ou politicas
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governamentais, quando é especificamente denominado de fechamento prematuro (Laurence,
2006; Resende & Lima, 2009; Sanchez et al., 2013). Ja o fechamento temporario se caracteriza
por um periodo no qual a empresa cessa a producdo mineral, principalmente devido a fatores
técnicos ou econdmicos, mas com expectativa de retomada das operacdes (ICMM, 2018;
Sanchez, 2011). Contudo, em alguns casos, o fechamento temporario se da por um tempo téo
grande, sem que a empresa tenha executado o0s controles necessarios, que por muitas vezes pode
ser considerado como uma situacao de abandono (Resende & Lima, 2009).

O sucesso do fechamento de mina depende principalmente da atuacdo dos governos, das
mineradoras e das comunidades do entorno (Syahrir et al., 2021). Aos governos cabe definir uma
estrutura de regulacdo de fechamento de mina que contenha requisitos claros, garantindo
seguranca juridica, além de fazer, por meio de procedimentos de fiscalizacdo, com que as
empresas de mineracdo cumpram todos os requisitos previstos nos dispositivos legais existentes.
De acordo com autores como Hall & Hall (2015), os governos também séo responsaveis por
acOes necessarias para fornecimento de infraestrutura e servi¢os para apoiar a as comunidades
afetadas pela atividade mineradora.

Ja de acordo com o "principio do poluidor-pagador"”, as empresas de mineracdo sdo as que tém
a maior responsabilidade pelo planejamento do fechamento (Sanchez et al., 2013). Assim, as
empresas devem planejar o fechamento, de acordo com a legislacdo vigente e seguindo as
melhores praticas, desde antes do inicio da implantagdo do projeto, executando todos os estudos e
etapas de fechamento ao longo da vida util da mina e atualizando o plano de fechamento de mina
conforme haja mudancas no processo produtivo, mercadoldgicas, ambientais, regulatérias ou nas
expectativas das comunidades do entorno (ICMM, 2018). Uma das principais responsabilidades

das mineradoras € o engajamento e a comunicagdo continua com outras partes interessadas,
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especialmente com 6rgéos reguladores da mineragdo e ambientais, e com a comunidade afetada
(DMP & EPA, 2015; Hall & Hall, 2015).

Ja as comunidades localizadas no entorno e afetadas pelas atividades de minera¢do, como o
apoio dos governos locais e das mineradoras, deveriam se envolver nas questdes relacionadas ao
fechamento de mina, expressando suas preocupacdes, necessidades e aspiracbes (Monosky &
Keeling, 2021; Syahrir et al., 2021)

O historico global de mineragbes abandonadas e de fechamentos inadequados, e suas
consequéncias resultaram no surgimento de diversas regulamentagdes destinadas a prevenir o
abandono e garantir que as minas sejam fechadas de maneira segura e sustentavel (APEC, 2018).

Contudo, a preocupacdo internacional com o fechamento de minas ainda é muito recente e
somente passou a ganhar a devida atencdo nos ultimos anos, existindo muitos paises ainda que
ndo contam com legislacdo especifica sobre o tema (Goncalves, 2017). A clpula da Rio + 20
(2012), na declaragdo final “O Futuro que Queremos”, fez expressa referéncia ao fechamento de
minas ao destacar a necessidade de implementacdo de leis e politicas fortes e eficazes para o setor
de mineracdo, com o objetivo de reducdo dos impactos sociais e ambientais e a conservacdo da
biodiversidade e dos ecossistemas, inclusive apds o encerramento da atividade (United Nations,
2016).

De acordo com World Bank (2021), uma estrutura regulatoria de fechamento eficaz consiste
normalmente em legislacdo, de carater obrigatorio (leis, decretos e resolugdes), e de orientacdo
(guias e manuais), que definem os requisitos para desenvolver e implementar o fechamento como
parte do ciclo de vida da mina.

De maneira geral, entre outros pontos, 0os marcos regulatorios modernos exigem que no final

das operacGes medidas adequadas estardo em vigor para fechar a mina e que haverd fundos



19

suficientes reservados para financiar as atividades de fechamento e pds fechamento (APEC,
2018), mesmo no caso de fechamento prematuro (Peck, 2005). Embora nenhuma jurisdi¢do
forneca um modelo ideal para legislacdo de fechamento de mina (APEC, 2018) e as necessidades
ou prioridades possam variar entre jurisdicdes, dada a variedade de aspectos geograficos,
historicos, politicos e socioecondmicos, existem principios gerais comuns que deveriam guiar as
politicas pablicas sobre esse assunto (IIED 2002; World Bank, 2010, 2021).

Diversos governos reconhecem a importancia de gerenciar o fechamento de minas e a
transicdo pds-mineracdo, no entanto, muitos ainda ndo desenvolveram as politicas e orientagdes
necessarias para o gerenciamento efetivo do fechamento da mina (IGF, 2021a), sobretudo os dos
paises em desenvolvimento. No Brasil, a primeira norma legal especifica referente ao fechamento
de mina foi a Portaria n°237/2001 (DNPM, 2001), Norma Reguladora de Mineragcdo n°20 -
Suspensao, Fechamento de Mina e Retomada das Operac6es Mineiras, denominada NRM-20.

Quase duas décadas depois da publicacdo da NRM-20, ocorreram mudancas na legislacédo
federal relacionadas ao fechamento de mina, com a revogacdo parcial desta e publicacdo do
Decreto n° 9.406/2018 (Brasil, 2018), que modificou o Regulamento do Cédigo de Mineracéo,
Decreto 62.934/1968 (Brasil, 1968), posteriormente alterado pelo Decreto n® 10.965/2022 (Brasil,
2022), da Lei n° 14.066/2020 (Brasil, 2020) que alterou a Politica Nacional de Seguranca de
Barragens e 0o Codigo de Mineracdo, Decreto-Lei n® 227/1967 (Brasil, 1967), e da Resolugédo
ANM n° 68/2021 (ANM, 2021), denominados conjuntamente neste artigo como Arcabouco Legal
de Fechamento de Mina (ALFM). Estas mudancas tiveram diversas motivagdes, incluindo
pressdo dos 6rgdos de controle, como o Tribunal de Contas da Unido e o Ministério Publico
Federal, sobre o Orgdo regulador da mineracdo, atualmente a ANM, haja vista os casos de

abandono e fechamentos incompletos de mina no pais citados por TCU (2020), embora nédo
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existam dados oficiais da ANM a respeito do assunto. Outro motivo foi a existéncia, conforme
indica OCDE (2022), de uma percepcao negativa da sociedade brasileira em relagdo as atividades
de mineracdo, agravada pelos acidentes ocorridos com as barragens de rejeitos da Samarco em
Mariana e da Vale em Brumadinho, nos anos de 2015 e 2019, respectivamente.

De acordo com diagnostico feito por FEAM (2016), existiam no estado de Minas Gerais 169
minas classificadas como abandonadas, além de 134 paralisadas sem controle ambiental. A
realidade de minas abandonadas ou paralisadas observada em Minas Gerais, maior estado
minerador do pais, se projetada para o resto do Brasil, demonstra a dimensdo do problema
inerente ao fechamento de mina em nivel nacional, sendo a estrutura regulatoria deficiente uma
das causas do problema. Como exemplo de abandono, tem-se 0 caso da mina de ouro, Mina do
Engenho D"Agua, da Mundo Mineragio Ltda, localizada no municipio de Rio Acima-MG.

De acordo com SEMAD (2014), a Mina do Engenho D Agua foi abandonada em 2011, e
dentre os principais passivos decorrentes do abandono estavam duas barragens de rejeitos que se
rompessem poderiam contaminar o rio das Velhas, umas das principais fontes de abastecimento
de &gua da Regido Metropolitana de Belo Horizonte. Diante dessa situacdo, em 2014, o estado de
Minas Gerais ajuizou, em face da mineradora, uma Acao Civil Pablica demandando que fossem
elaborados estudos, projetos e executadas acdes de adequacdo das barragens de rejeitos. Uma vez
que o quadro de abandono se manteve, o Ministério Publico Estadual (MPE) ajuizou, em face do
estado de Minas Gerais, Acao Civil Publica, requerendo deste, entre outras, providéncias quanto
a manutencdo ou descaracterizacdo das barragens. Neste contexto, em 2017 foi firmado um
Convénio de Cooperacdo Técnica entre drgdos estaduais a fim de elaborar estudos, projetos e
acOes para cumprimento da acdo judicial. Assim, foram realizadas pela Companhia de

Saneamento de Minas Gerais (COPASA), obras de descaracterizagdo nas duas estruturas que
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finalizaram em 2022, restando, apenas, a realizacdo de auditoria especializada para atestar as
condigdes atuais das estruturas e a descaracterizacdo (FEAM, 2022).

Embora existam alguns estudos relevantes sobre a legislacdo de fechamento de mina no pais
(por exemplo, Lima, et al. 2006, 2014; Flores & Lima, 2012; Sampaio et al., 2019; Fernandes e
Lima, 2021), de acordo com o conhecimento dos autores, nenhum estudo foi realizado avaliando
todo 0 ALFM estabelecido entre os anos de 2018 e 2022 de responsabilidade do governo federal.
Estudos neste sentido podem contribuir na elaboracdo de novas legislacdes ou na melhoria das ja
existentes.

Frente a este cenario, este artigo trata das questdes referentes a estrutura regulatéria de
fechamento de mina sob a égide do governo federal brasileiro, e apresenta como objetivo avaliar
0 ALFM, identificando as suas principais deficiéncias e sua situacdo em relacdo as

recomendacdes internacionais.

METODOLOGIA

Inicialmente foi feito o levantamento historico da legislacdo sobre fechamento de mina no
ambito do governo federal brasileiro, seguido de uma descricdo geral do seu arcabouco
regulatério atual (leis, decretos, resoluc@es, portarias e guias).

Em seguida foi realizada consulta a instrumentos internacionais (diretrizes, standards, codigos
de conduta e boas préaticas), como por exemplo (APEC, 2018), (World Bank, 2021) e (ICMM,
2018), bem como a artigos cientificos e legislacdes, seguida de julgamento profissional dos
autores, para identificacdo e selecdo das principais recomendacfes que devem constar em uma
legislagdo de fechamento de mina. Dessa forma, foi feita a avaliagdo do ALFM brasileiro a partir

de sua comparagdo com as recomendagOes internacionais selecionadas para constar em uma
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estrutura regulatéria de fechamento de mina. Para a avaliacdo do ALFM, também conforme
julgamento profissional dos autores, foi usada uma classificagdo dividida em: atende; atende
parcialmente e ndo atende.

Na ultima etapa foram apresentadas propostas para melhoria do processo regulatério de

fechamento de mina no pais.

LIMITACOES
A pesquisa ndo teve como objetivo tratar das questdes relacionadas a gestao e fiscalizacdo do

governo federal em relagéo ao fechamento de mina e recuperacgdo de minas abandonadas.

Apesar da regulamentacdo sobre fechamento de mina no dmbito incluir requisitos oriundos
tanto da legislacdo mineral quanto da ambiental (Flores & Lima, 2012), a pesquisa ndo teve foco
na area ambiental e também ndo tratou das legislacdes ambientais que porventura tratem do tema
de fechamento de mina. As questfes ambientais ficaram limitadas as relacdes existentes entre o

Plano de Recuperacio de Areas Degradadas (PRAD) e o0 PFM.

DISCUSSOES, INTERPRETAGOES E RESULTADOS
DESCRIQAO GERAL DA ESTRUTURA REGULATORIA BRASILEIRA
De acordo com o Art. 20, inciso 1X e 0 Art. 176, 81° da Constituicdo Federal (Brasil, 1988), os
recursos minerais sao de titularidade da Unido, e a pesquisa e a lavra desses recursos somente
poderdo ser efetuadas mediante autorizacdo ou concessdo da Unido, respectivamente. A Agéncia
Nacional de Mineracdo (ANM), que substituiu desde 2018 o Departamento Nacional de Producéo
Mineral (DNPM), é o 6rgédo regulador da mineracdo, portanto, a quem compete de forma direta

garantir o cumprimento das leis inerentes ao fechamento de mina no pais (Brasil, 2018). Por
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outro lado, compete, concorrentemente, & Unido, aos Estados e ao Distrito Federal legislar sobre
a defesa do solo e dos recursos naturais, protecdo do meio ambiente e controle da poluicéo,
cabendo aos municipios a competéncia para suplementar a legislacdo federal e estadual, quando
couber. Compete, portanto, aos 6rgdos ambientais, a aprovacdo da atividade mineraria, mas
também as medidas para recuperacdo do meio ambiente degradado (Flores & Lima, 2012).

Nem o primeiro marco legal da mineracdo, Codigo de Minas, Decreto n°® 24.642/1934 (Brasil,
1934), nem o seu substituto, Decreto n° 1.985/1940 (BRASIL, 1934), tratavam do tema
fechamento de mina, por se tratar de normativos publicados durante um periodo em que nédo
existia muita preocupacdo com as questdes ambientais, de salude e seguranca. J& o Cddigo de
Mineracdo, Decreto-Lei n° 227/1967 (Brasil, 1967) no seu formato original, previa no Art. 58.
que mediante requerimento justificado, as empresas poderiam obter a suspensdo temporaria da
lavra, ou comunicar rendncia ao seu titulo, desde que o requerimento fosse acompanhado de um
relatorio dos trabalhos efetuados e do estado da mina, e suas possibilidades futuras, mas néo
detalhava o assunto.

A Politica Nacional do Meio Ambiente (PNMA), Lei n° 6.938/1981 (Brasil, 1981) instituiu
como um dos seus principios, a recuperacdo das areas degradadas, tendo sido esta Ultima
regulamentada pelo Decreto Federal n° 97.632/1989 (Brasil, 1989), que exigiu dos
empreendimentos minerarios, quando da apresentacdo do Estudo de Impacto Ambiental ( EIA) e
do Relatorio do Impacto Ambiental (RIMA), que submetessem a aprovacdo do 6rgao ambiental
competente um Plano de Recuperacdo de Areas Degradadas. O Art. 225, §2° da Constituicio
Federal (Brasil, 1988) também estabeleceu que aquele que explorar recursos minerais fica
obrigado a recuperar 0 meio ambiente degradado, de acordo com solugéo técnica exigida pelo

0rgdo publico competente, na forma da lei. Contudo, regulamentagdo especifica sobre
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fechamento de mina no pais, somente surgiu com a publicacdo da Portaria n° 237/2001 (DNPM,
2001), que contém as Normas Reguladoras da Mineragcdo (NRM). De acordo com TCU (2019),
entre os diversos aspectos atinentes a atividade de mineracdo, a Portaria n® 237/2001 trouxe a
Norma Reguladora de Mineracdo n° 20 (NRM-20) que tratava da suspensdo, fechamento de mina
e retomada das operacfes minerarias e a Norma Reguladora de Mineracdo n® 21 (NRM-21) que
tratava da reabilitacdo de areas pesquisadas, mineradas e impactadas.

Novas previsdes quanto ao fechamento de mina na legislacdo mineraria brasileira surgiram
com a edi¢do do Decreto n° 9.406/2018 (Brasil, 2018) e com a Lei n° 14.066/2020 (Brasil, 2020).

Apesar da NRM-20 ter sido um marco no fechamento de mina no pais, fatores como: os
diversos casos de abandono de mina no pais (ARAUJO, 2016; FEAM, 2016; TCU, 2020) e suas
consequéncias; a necessidade de regulamentacdo do Decreto n® 9.406/2018 e da Lei n°
14.066/2020, que dentre outros aspectos, tratavam do fechamento de mina; e as recomendacdes
de auditoria operacional feitas pelo Tribunal de Contas da Unido - TCU para a ANM redefinir e
aperfeicoar os critérios a serem exigidos para a apresentacdo do PFM (TCU, 2019), fizeram
surgir a necessidade de atualizacdo da legislacdo de fechamento de mina no ambito da ANM,
culminando assim com a publicacdo da Resolucdo n° 68/2021 (ANM, 2021) e revogacdo parcial
da NRM-20, especificamente dos itens 20.4 (NRM-20.4) e 20.5 (NRM-20.5), sendo
posteriormente publicado o Decreto n° 10.965/2022 (Brasil, 2022). Além destas, mas no ambito
especificamente técnico, tem-se a publicacdo da Resolucéo n® 95/2022 (ANM, 2022b), que trata
dentre outros assuntos da segurancga de barragens de rejeitos, das etapas de descaracterizacao
destas estruturas, tendo relacéo direta com o tema fechamento de mina. O resumo com o historico

das principais legislacdes de fechamento de mina vigentes no pais esta descrito na Tabela 1.
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FIGURA 1 - Linha do tempo relativa a legislacdo federal brasileira de fechamento de mina.

TABELA 1 - Resumo da legislagdo federal brasileira sobre fechamento de mina.

Legislacdo

Conteudo principal resumido

Portaria  n°237/2001
(NRM-20  revogada
parcialmente e NRM-
21)

NRM-20.3: Suspensdo das Operacfes Mineiras

20.3.1 Obrigatoriedade para o caso de requerimento de fechamento temporério de apresentacdo de
planos (monitoramento do lengol freatico, controle do langcamento de efluentes, manutengdo das
instalagbes e equipamentos, drenagem da mina e de atenuagdo dos impactos no meio fisico,
monitoramento da qualidade da agua e do ar), medidas de bloqueio dos acessos a mina e andlise de
riscos.

NRM-20.6 Retomada das OperacBes Mineiras

20.6.1 A retomada das operac@es deve ser precedida de comunicagdo ao DNPM, dentro do prazo de
validade da suspensdo autorizada, devidamente acompanhada de Projeto de Retomada das Operagoes
Mineiras.

20.6.2 O Projeto de Retomada deve enfocar no minimo os seguintes aspectos: reavaliacdo do estado
de conservagdo da mina, suas instalagdes, equipamentos e outros sistemas de apoio; esgotamento das
aguas eventualmente acumuladas, quando necessario; plano de drenagem; reexame das condigdes de
higiene, seguranca e protecdo ao meio ambiente e revisdo do Plano de Aproveitamento Econdmico.

NRM-21 Reabilitacio de Areas Pesquisadas, Mineradas e Impactadas

21.5 No projeto de reabilitagao de areas deve constar no minimo os seguintes itens: a) identificacdo e
analise dos impactos ambientais diretos ou indiretos sobre os meios fisico, bidtico e antrdpico; b)
aspectos sobre as conformagdes paisagistica e topografica, observando-se a estabilidade, o controle de
erosdo, a drenagem, a adequagdo paisagistica e topografica, e a revegetacdo; c) programa de
acompanhamento e monitoramento; d) planta atualizada na qual conste a situa¢do topografica atual das
areas a serem reabilitadas; €) aptiddo e uso futuro da area; f) mapas, fotografias, planilhas e referéncias
bibliogréficas e g) cronograma fisico e financeiro do plano de reabilitacéo.

21.6 O projeto de reabilitagdo de areas deve ser apresentado junto ao PCIAM de que trata a NRM-
01, item 1.5.1,j.

Decreto n° 9.406/2018
(alterado pelo Decreto
n° 10.965/2022)

Art. 5° A atividade de mineracdo abrange a pesquisa, a lavra, o desenvolvimento da mina, o
beneficiamento, o transporte e a comercializagdo dos minérios e 0 aproveitamento e 0 armazenamento de
estéreis e rejeitos.

§ 2° O exercicio da atividade de mineracdo implica a responsabilidade do minerador pela:
prevencdo, mitigacdo e compensagdo dos impactos ambientais decorrentes dessa atividade, incluidos
aqueles relativos ao bem-estar das comunidades envolvidas e ao desenvolvimento sustentavel no entorno
da mina; preservacdo da saude e da seguranca dos trabalhadores; prevencdo de desastres ambientais;
recuperagdo ambiental das &reas impactadas.

§ 2°-A. A recuperacdo do ambiente degradado compreenderd, entre outras atividades, o fechamento
da mina e o descomissionamento de todas as instalaces.

§ 3° O fechamento da mina pode incluir, entre outros aspectos: a recuperacdo ambiental da area; a
desmobilizacdo das instalagbes e dos equipamentos; o uso futuro da éarea; e o monitoramento e o
acompanhamento dos sistemas de disposicao de rejeitos e estéreis e da estabilidade geotécnica das areas.
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§ 4° As obrigacdes e as responsabilidades do titular da concesséo ficam mantidas até o fechamento
da mina, cujo plano sera aprovado pela ANM e pelo 6rgéo ambiental licenciador.

Art. 32° Obrigatoriedade de apresentacdo no requerimento de concessdo de lavra do PFM como
parte integrante do plano de aproveitamento econémico.

Art. 34°, inciso XVIII: Obrigatoriedade das empresas executarem e concluirem adequadamente, apds
0 término das operacdes e antes da extingao do titulo minerario, o plano de fechamento de mina.

Art. 50. O requerimento de fechamento temporario devera estar justificado e instruido com relatério
dos trabalhos efetuados e do estado da mina, conforme Resolugdo da ANM.

Art. 51. A comunicacdo da rentincia da concessdo de lavra devera ser instruida com relatério dos
trabalhos efetuados e do estado da mina e de suas possibilidades futuras, conforme Resolu¢do da ANM.

§ 2° A extingdo do titulo dependerd da homologagdo da rendncia e ficar4 condicionada & concluséo
do plano de fechamento de mina, previamente aprovado pela ANM.

§ 4° Poderé ser homologada a rendncia parcial do titulo e desonerada a area cuja unidade mineira
tenha o relatério final de execucdo do seu plano de fechamento aprovado.

Lei n° 14.066/2020

Art. 6°-A: Obrigatoriedade do fechamento de mina ser convalidado pelo 6rgdo regulador da
mineracéo e pelo 6rgdo ambiental licenciador.

"Art. 43-A. O titular de concessdo de lavra deverd cumprir as obrigacdes previstas neste Decreto-Lei
e na legislagdo ambiental pertinente, incluidas a recuperagdo do ambiente degradado e a
responsabilizacéo civil, no caso de danos a terceiros decorrentes das atividades de minerag&o.

Paragrafo Unico. A recuperacdo do ambiente degradado prevista no caput deste artigo devera
abarcar, entre outros, o fechamento da mina e o descomissionamento de todas as instalacdes.

Art. 47-A: Obrigatoriedade das empresas apresentarem & ANM o PFM e a autoridade licenciadora o
PRAD em qualquer hip6tese de extincdo ou caducidade da concessdo mineraria.

Resolugdo n° 68/2021
(revogou os itens 20.4
e 20.5 da NRM-20)

Art. 1°: Inclusdo da estabilizaco fisica e da estabilizagdo quimica da area como alguns dos objetivos
a serem alcancados.

Art. 59, 6°, e 7°: Distingdo do contetido obrigatério do PFM, a depender da fase e situagdo de cada
empreendimento.

Art. 10° Atualizagio do PFM a cada cinco anos ou nas atualizagdes do PAE, o que ocorrer primeiro.

Art. 13°: Ultima atualizacio do PFM devera ser feita com antecedéncia minima de dois anos da data
prevista para o fechamento.

Art. 18°: Possibilidade da ANM dispensar, por meio de Instrucdo Normativa, alguns dos elementos
exigidos para 0 PFM de empreendimentos de pequeno porte, com operagdes de lavra e beneficiamento
de baixa complexidade e baixo impacto.

O Decreto n° 9.406/2018 e suas alteracdes trouxeram importantes contribuicdes no &mbito do

fechamento de mina como as relativas as obrigacdes e responsabilidades do empreendedor e ao

condicionamento da extin¢do do titulo minerario a homologacdo da renuncia e a conclusdo do

plano de fechamento de mina.

A Resolugcdo ANM n° 68/2021 regulamenta as questdes relativas ao PFM, principalmente em

relacdo aos documentos e informacgdes que o devem compor e 0s prazos e hipoteses para sua

atualizacdo, bem como traz disposicdes especificas para cada fase do empreendimento. Entre as

contribuicdes trazidas pela Resolugdo ANM n° 68/2021 para o ALFM, temos: conceituagédo de

alguns termos; inclusdo da estabilidade fisica e estabilidade quimica como uns dos objetivos do

fechamento; revisdo quinquenal obrigatoria do PFM; mencdo ao fechamento progressivo.
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Como principal contribuicdo da Lei n° 14.066/2020 no ambito do fechamento de mina
observa-se a obrigatoriedade do fechamento de mina ser convalidado pelo 6rgdo regulador da
mineracdo e pelo 6rgdo ambiental licenciador, haja vista que o fechamento de mina envolve
aspectos de responsabilidade de ambos os 6rgaos.

Embora a Lei n° 14.066/2020 exija que o fechamento de mina seja convalidado pelo 6rgéo
regulador da mineracdo e pelo 6rgdo ambiental licenciador, no Art. 47-A, ela cita que em
qualquer hipdtese de extincdo ou caducidade da concessdo mineraria, o concessionario fica
obrigado a apresentar a entidade outorgante de direitos minerdrios o PFM e a autoridade
ambiental licenciadora 0 PRAD. Assim, ndo fica claro o papel do 6rgdo ambiental perante o
PFM, bem como as relagdes existentes entre 0 PFM e o PRAD, embora Lima, Flores e Costa
(2006), afirme que 0 PRAD ¢ parte integrante do PFM. Além do mais, na Resolugdo n° 68/2021
de responsabilidade da ANM, ndo existe nenhum item que condicione a aprovacdo do
fechamento de mina, a convalidacdo destes pelo 6rgdo ambiental. Outro ponto importante é que
participacdo do 6rgdo ambiental perante o fechamento de mina ndo deveria ser somente quando
do fechamento propriamente dito, mas sim em todas as diversas fases que englobam o
fechamento de mina, e a apresentacdo dos respectivos planos e relatorios de fechamento.

Fazendo uma comparacdo entre os instrumentos juridicos, verifica-se a existéncia de
contradigdo entre o previsto no Decreto n°® 9.406/2018, Art. 5° § 3° e 0 previsto no proprio
Decreto n° 9.406/2018, Art. 5°: 8 2°-A e na Lei n® 14.066/2020 "Art. 43-A, paragrafo Gnico, no
que se refere a abrangéncia do fechamento de mina e a abrangéncia da recuperacdo de areas
degradadas, embora pela hierarquia das leis, prevaleca o previsto na Lei n® 14.066/2020. O
Decreto n° 9.406/2018, Art. 5% § 3° informa que fechamento da mina pode incluir, entre outros

aspectos, a recuperacdo ambiental da &rea degradada e a desmobilizacdo das instalacdes e dos
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equipamentos que componham a infraestrutura do empreendimento. J& a Lei n°® 14.066/2020,
informa que a recuperagdo do ambiente degradado contempla o fechamento da mina e o
descomissionamento de todas as instalacOes.

O Decreto n° 9.406/2018, no Art. 34, inciso XVIII, falha ao exigir que as empresas devam
executar adequadamente apos o término das operacfes e antes da extin¢ao do titulo, o plano de
fechamento de mina. Essa afirmacdo vai de encontro aos conceitos ja estabelecidos
mundialmente, como por exemplo, por ICMM (2018), de que o plano de fechamento de mina
deve ser executado ao longo de toda vida Util da mina, e ndo somente apds a paralisacdo das
operagoes.

A Resolucéo n°68/2021 falha ao ndo conceituar o abandono de mina, termo importante no
ambito do fechamento de mina. A ndo conceituacdo do termo pode levar a interpretacdes
diversas, ndo contribuindo para uma legislacédo clara acerca do fechamento de mina.

O Instituto Brasileiro de Mineracdo (IBRAM), instituicdo representante das empresas
mineradoras brasileiras publicou no ano de 2013 O Guia para Planejamento de Fechamento de
Mina, contendo informacGes importantes a respeito do assunto. Contudo, no &mbito do governo
federal, ndo foi desenvolvido até 0 momento nenhum guia de natureza sugestiva, ndo obrigatério,
mas que pudesse fornecer para as mineradoras com base na legislacdo vigente, orientacdes acerca
de metodologias adequadas para elaborar e executar o plano de fechamento de mina, como por
exemplo, para avaliacdo da estabilidade fisica, estabilidade quimica, avaliacdo de riscos, para
fechamento parcial de mina e para apresentacdo do plano de fechamento. A auséncia de guias
dessa natureza desenvolvidos no &mbito do governo federal pode fazer com que algumas
mineradoras brasileiras ndo desenvolvam planos de fechamento adequados a legislacdo, e ndo

atinjam os objetivos esperados de fechamento.
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A ANM exige que antes de receber a aprovagdo para iniciar a operacdo de uma mina, as
empresas requerentes apresentem juntamente com o Plano de Aproveitamento Econémico (PAE)
um plano de fechamento de mina conceitual, bem como a licenca ambiental emitida pelo 6rgédo
competente. Apos a aprovacdo do projeto, durante a fase operacional, conforme Art. 10° da
Resolucdo n° 68/2021, as empresas devem fazer as devidas atualiza¢cdes do PFM a cada 5 anos ou
nas alteracbes do PAE. Até 2 anos antes da previsdo de fechamento, as empresas devem
apresentar uma ultima atualizacdo do PFM. Ja na fase de fechamento as empresas executam as
acOes previstas no ultimo PFM aprovado pela ANM. Apds conclusdo destas acdes, tem-se uma
etapa de manutencdo e monitoramento, mas de tempo e critérios de aceitacdo indefinidos, haja
vista a inexisténcia do instrumento de transferéncia de custodia. Posteriormente, quando julgar
pertinente, a empresa apresenta o Relatorio Final de Fechamento e solicita a renuncia da area. A
ANM avalia o Relatério Final de Fechamento e em caso de aprovacdo, homologa a renuncia.
Posteriormente tem-se a fase pos fechamento, que corresponde a fase do uso futuro da éarea.
Importante salientar que no ALFM, ndo fica claro de quem ¢ a responsabilidade da area apos

aprovacao do Relatorio final e homologacgédo da renuncia pela ANM.

LEGISLACAO BRASILEIRA X RECOMENDAC}()ES INTERNACIONAIS

As recomendacdes a nivel internacional identificadas e selecionadas, consideradas chave para
constar como exigéncias em estruturas regulatérias de fechamento de mina, seja como parte
integrante do conteddo minimo do Plano de Fechamento de Mina ou como instrumentos de
controle foram: (i) realizar estudos e executar a¢fes visando atingir a estabilidade fisica e
estabilidade quimica das estruturas e da area afetada; (ii) realizar estudos de avaliagdo de riscos;

(iii) apresentar a estimativa de custos; (iv) apresentar estudos relacionados ao uso futuro da area;
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(v) executar agdes de manutencdo e monitoramento; (vi) proporcionar o engajamento da
comunidade; (vii) atualizar o plano de fechamento de mina; (viii) estabelecer uma garantia
financeira; (ix) desenvolver procedimentos claros para transferéncia de custddia. No

QUADRO 1 constam os principais resultados da comparacéo entre o atual acabou legal de

fechamento de mina e as recomendaces internacionais selecionadas.

QUADRO 1 - Atendimento do ALFM em relacéo as recomendacdes internacionais.

Recomendacéo Descricédo Avaliacdo Atendimento
de exigéncia
Realizar estudos e | Um dos componentes criticos da politica de | No ambito brasileiro, a Resolugdo ANM n° Atende

executar acoes
visando atingir a | fechamento é a contetdo técnico de um plano de | 68/2021 exige a apresentagdo do plano de
estabilidade fisica
e estabilidade | fechamento de mina. A estabilidade fisica e | desmobilizacdo das instalagbes e equipamentos;
quimica das
estruturas e da | estabilidade quimica sdo os aspectos técnicos | plano de estabilizacédo fisica e quimica e medidas
area afetada.
minimos que devem ser considerados em | para impedir 0 acesso de pessoas ndo autorizadas.
qualquer estrutura regulatoria de fechamento de
mina, pois estes dois aspectos apresentam 0s
maiores riscos a salde humana e ao meio
ambiente, além de representar 0s maiores riscos
financeiros para um governo (World Bank,
2021). A estabilidade fisica corresponde a
situagdo de seguranga estrutural, que melhora a
resisténcia e reduz as forcas desestabilizadoras
que podem afetar estruturas de uma mina, para o
qual séo utilizadas medidas no sentido de evitar
fendmenos de ruptura, colapso ou erosdo, como
por exemplo, a ruptura de taludes de minas e de
barragens de rejeitos (SERNAGEOMIN, 2018).
J4 a estabilidade quimica, corresponde a situacéo
de controle da qualidade das aguas superficiais e

subterraneas, do solo e dos recursos naturais no

entorno das estruturas do empreendimento
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mineral, haja vista que os minérios, estéreis e
rejeitos em contato com a agua, podem ser muito
reativos e gerar impactos negativos, como por
4cida  de minas

exemplo, a drenagem

(SERNAGEOMIN, 2014 e APEC, 2018).

Realizar estudo de

A abordagem do planejamento de fechamento de
mina baseada em risco desde o inicio do
processo reduz os custos e as incertezas do
fechamento. Ao identificar os riscos e incertezas
no inicio do planejamento processo, medidas de
mitigagdo de risco podem ser focadas nos riscos
mais importantes relativos as fases de
fechamento e pés-fechamento. Uma avaliagéo de
risco deve ser realizada para avaliar as
alternativas para minimizar as consequéncias
beneficios do

negativas e maximizar 0s

fechamento (World Bank, 2021).

De acordo com a NRM-20.3, é obrigatéria a
apresentacdo de uma andlise de riscos para o caso
de requerimento de fechamento temporério. Ja
Resolugdo n° 68/2021 prevé que o PFM das minas
em operacdo e em das minas em fase de
encerramento por exaustdo deverdo conter dentre
outros itens, a avaliagdo dos riscos decorrentes do
fechamento do empreendimento e formas de
mitigacdo dos eventuais danos resultantes da
atividade. Assim, as minas que se encontram nas
fases de requerimento de lavra e pré-operacional
ndo séo obrigadas a fazer uma avaliacéo de riscos.
Isso vai de encontro a recomendagBes de diversas
fontes, como Sanchez et al. (2013), DIIS (2016),
ICMM (2018) e Asr et al. (2019), que defendem
que o planejamento de fechamento de mina deve se
iniciar desde o projeto de abertura e deve ser
progressivo ao longo de todo o ciclo da vida de
uma mina, e que deve considerar aspectos técnicos,
ambientais, sociais e econdmicos. Todos e estudos
e analises necessarios deveriam obrigatoriamente
apresentados na fase de requerimento de lavra,
onde tem-se 0 PFM de forma conceitual, tendo seu
aperfeicoamento feito a medida que se aprofunda o
conhecimento sobre as atividades e a area afetada,
possibilitando assim um melhor entendimento dos

temas ao longo da vida util do empreendimento.

Atende

parcialmente

avaliacédo de
riscos

Apresentar
estimativa de
custos

A consideracdo de aspectos financeiros e

orgamentarios do fechamento, como a estimativa

O inciso VII do Art. 5° da Resolugdo ANM

n°68/2021 exige a apresentacdo de cronograma

Atende
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precisa de todos 0s custos necessarios para
implementagdo das agbes previstas no plano de
fechamento de mina, incluindo a manutencéo e
monitoramento na etapa  pos-fechamento
(Voges-Haug & Dowdell 2022, ICMM, 2019 e
World Bank, 2021), é um componente
importante do fechamento sustentavel da mina.
Além disso, a revisdo regular seguida de
atualizagdo e a auditoria externa dos custos de
fechamento também sdo recomendadas (ICMM,

2020).

fisico-financeiro do PFM, integrando agdes de
fechamento e pos-fechamento, contudo, ndo
existem exigéncias para que 0s custos sejam
apresentados de forma detalhada, ou que sejam

especificadas as bases de célculo ou os custos

unitarios.

Apresentar
estudos
relacionados a
definicdo do uso
futuro da area

Descricdo do potencial uso futuro da area pos-
fechamento compativel com suas aptiddes e
restricBes e com as demandas locais e regionais.
A politica de fechamento deve promover uma
abordagem para o uso da &rea na etapa pos-
fechamento que comeca no estagio inicial de
planejamento da mina e continua durante a
operagdo como parte de um plano de fechamento
dindmico e em evolugdo (Sanchez et al. 2013 e

APEC, 2018).

A Resolugdo ANM n°68/2021, Art. 6°, inciso VII,
exige a apresentacdo de diretrizes para adequacéao
da &rea ao uso futuro previsto, mas somente a partir
da fase de operagdo, ndo englobando as minas nas
fases de requerimento de lavra e pré-operacional,
apresentando dessa forma, problema similar ao

identificado no item relacionado a anélise de riscos.

Atende

parcialmente

Executar acoes de
manutencgao e
monitoramento

Inclusdo de um plano de manutencdo e
monitoramento dos principais indicadores na
etapa pés-fechamento (Sanchez et al. 2013) ou
durante a fase de fechamento temporério (Pepper

etal. 2021).

O inciso VI, do Art. 6° da Resolugdo ANM n°
68/2021 e a NRM-20.3 exigem a apresentacdo de
acoes de manutencdo e monitoramento das
estruturas na fase pos fechamento e nos casos de

fechamento temporario, respectivamente.

Atende

Proporcionar o
engajamento  da
comunidade

As comunidades do entorno devem ser
envolvidas no processo de desenvolvimento do
plano de fechamento de mina e suas
atualizagdes, de forma que seus pontos de vista,
interesses e expectativas sejam discutidos e
avaliados (Sanchez et al. 2013 e ICMM, 2019),
sobretudo, nas questes relativas a definicdo do

uso futuro da &rea. Durante o planejamento para

Nos normativos federais ndo existem exigéncias
para que as mineradoras facam consultas e
envolvam as comunidades afetadas pela mineracdo
nos aspectos relativos ao plano de fechamento de
mina. Por outro lado, em casos especificos, a
legislacdo ambiental exige por meio de audiéncias
publicas,

a participagdo da comunidade na

aprovagdo de empreendimentos sujeitos a

Nao atende
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o fechamento da mina devem ser avaliadas
formas de proporcionar o efetivo envolvimento
da comunidade, a fim de buscar a definicdo
democratica do uso futuro do solo e evitar
conflitos futuros. Os estudos de casos
especificos apontam que o0s projetos mais
exitosos de desativagdo de minas foram aqueles
que buscaram um efetivo envolvimento com as
partes interessadas durante toda a operacéo até o

completo encerramento (World Bank & IFC,

2002, segundo Gongalves, 2017).

elaboracdo de Estudo de Impacto Ambiental - EIA

e Relatério de Impacto Ambiental - RIMA.

Contudo, também ndo existe na legislagdo
ambiental, exigéncia de consulta publica associada

ao fechamento de empreendimentos mineiros.

Atualizar o plano
de fechamento de
mina

Os planos de fechamento de mina sdo dinamicos
e as minas geralmente ndo sdo fechadas com a
mesma configuragdo e na mesma data planejada
antes do inicio das operagdes. E necessario um
programa regular de atualizagdes do plano de
fechamento durante o ciclo de vida da mina que
permita a

incorporacdo  de  mudancas

operacionais, ambientais, sociais,
mercadoldgicas e econdmicas, bem como dos
resultados dos estudos e avaliages em curso
(APEC, 2018 e World Bank, 2021). A medida
em que o final da vida util do empreendimento
se aproxima, permite-se uma avaliacdo mais
detalhada das condices em que se dard o
fechamento e, consequentemente, a elaboragéo

de um plano mais detalhado e coerente com estas

condigBes (Flores & Lima, 2012).

De acordo com o Art. 10° da Resolugdo ANM n°
68/2021, as mineradoras sdo obrigadas a revisar e
atualizar o plano de fechamento a cada cinco anos
com intensidade e nivel de informagéo crescentes
ocorrendo conforme o fim da vida da mina se
aproxima ou nas atualizacdes do PAE. Ja de acordo
com o Art. 13° da mesma Resolugdo, a ultima
atualizagdo do plano de fechamento devera ser feita
com antecedéncia minima de 2 (dois) anos da data
prevista para o fechamento. Tal fato representa
incongruéncia, uma vez que a Resolugdo ANM n°
68/2021 ndo incorporou o contetdo ligado a NRM-
20.3 que trata do fechamento temporério, tema que
tem relagdo direta como o fechamento de mina.
Diante disso, ndo ha previsdo, por exemplo, da
atualizagdo do PFM antes do reinicio das operagdes
apo6s um fechamento temporario, fase onde podem

ocorrer e gerar mudancas relevantes para o PFM.

Atende

Estabelecer
garantia financeira

A garantia financeira € um instrumento em que

0s governos obrigam as empresas a
estabelecerem garantias, que podem ser de
variadas formas, a depender de cada legislacéo

especifica, para que fundos suficientes estejam

Embora verifique-se no ambito da ANM uma
agenda regulatéria em andamento, sendo um dos
temas o estabelecimento de garantias financeiras
para cobrir os riscos advindos da atividade de

mineracdo (ANM, 2022), a legislacéo brasileira ndo

Né&o atende
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disponiveis para implementar todas as agoes
previstas no plano de fechamento para os casos
em que as mineradoras Ssejam incapazes ou
relutem em executd-lo (APEC, 2018 e World
Bank, 2021). Surgiu, justamente da necessidade
de evitar que a responsabilidade de fechamento
da &rea recaisse sobre o poder publico, gerando
custos que muitos Estados ndo tém condigdes de
assumir (Mufioz, 2008). A existéncia de um
mecanismo que garanta a disponibilidade de
recursos financeiros suficientes ao final da vida
atil da mina (planejada ou néo) é considerado
globalmente um ponto essencial de qualquer
politica efetiva de fechamento de mina (IGF,
2021), principalmente pelo fato de que ao final
da vida util, os recursos financeiros séo escassos
ou inexistentes e o fechamento envolve
vultuosas  quantias  (Gongalves,  2017).
Importante destacar que a garantia financeira
difere do provisionamento financeiro feito por
algumas empresas para o fechamento de mina,
sendo que estes ultimo ndo tem carater

obrigatério.

exige a constituicdo de garantia financeira para o
fechamento de mina. A inexisténcia do
instrumento de garantia financeira na legislagdo
federal ndo fornece ao governo brasileiro uma
protecéo contra a existéncia de passivos financeiros
para o fechamento de minas. Assim, nos casos de
ndo cumprimento das agbes previstas no PFM por
parte das mineradoras, como no pais ndo existe
disponibilidade de verba governamentais ou outros
fundos que tenham como objetivo executar tais
acoes, fica para o governo o custo de executar o
fechamento da &rea. Essa lacuna é relevante e
ratifica os achados de POVEDA (2006), e de TCU
(2019 e 2020), sendo que o Ultimo, por meio de
auditoria, recomendou que a ANM regulamentasse
0 estabelecimento obrigatério do instrumento de
garantia financeira para o fechamento de mina no
Brasil. A garantia financeira é uma ferramenta
importante na minimizacéo dos riscos de abandono
ou de fechamentos malsucedidos e sua implantacao
na legislagao brasileira traria avangos consideraveis
nos aspectos relacionados ao fechamento de mina

no pais.

Desenvolver
procedimentos
claros para
transferéncia  de
custédia

A transferéncia de custédia consiste na
aprovacdo formal pela autoridade reguladora
pertinente indicando que os critérios de
fechamento para a mina foram atingidos de
forma satisfatdria para essa autoridade (ICMM,
2008). Para Sanchez et al. (2013), a transferéncia
de custddia no dmbito do fechamento de mina, é
a transferéncia a um terceiro da responsabilidade
pelo cuidado da é&rea, usualmente ap6s ao
atendimento as obrigacOes legais e aos critérios

de avaliagdo. CondigBes claras, mensuraveis e

O Art. 19° da Resolugdo ANM n°68/2021 prevé
que a renlncia ao titulo minerario somente podera
ser homologada ap6s aprovagdo do relatério final
de execugdo do plano de fechamento pela ANM.
Contudo, a legislacdo néo prevé o estabelecimento,
por meio de um documento especifico firmado
entre a ANM e as empresas, quais as condigdes
minimas sdo necessarias para considerar que o
plano de fechamento de mina aprovado foi
atendido e para a efetivagdo da transferéncia de

custédia da 4&rea. O ndo estabelecimento de

Né&o atende
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auditaveis precisam ser acordadas entre as | condigBes claras, mensuraveis e auditaveis, gera
empresas e as autoridades reguladoras para | inseguranca juridica, sobretudo quando se trata de
permitir que a transferéncia de custodia seja | grandes empreendimentos, dificultando o processo
planejada e obtida. Apds conclusdo das agBes | e o interesse das empresas no efetivo fechamento
previstas no plano de fechamento de mina pode | de mina.

ser necessario monitorar 0s resultados do
fechamento, incluindo a estabilidade quimica e
fisica, por vérios anos apds o fechamento. Logo
que este monitoramento estabelecer que ndo
existem problemas aparentes, 0 6rgdo regulador
pode aceitar a transferéncia de custodia em um
periodo de tempo razodvel (ICMM, 2008). A
area sendo devolvida, a mineradora deixaria de
ser responsavel por responsabilidades futuras
associadas a propriedade. Consequentemente, a
futura manutencdo das propriedades seria uma
responsabilidade do préximo proprietario,
muitas vezes, a sociedade, por meio do governo
(APEC, 2018). Destaca-se que a transferéncia de
custodia ainda é tema de muito debate, com
diferentes provisdes pelas leis locais e
geralmente sujeitas a esclarecimentos entre a
empresa e a autoridade reguladora (Gongalves,

2017).

PROPOSICOES
Tendo em vista os resultados observados no presente estudo, como medida principal, propde-
se que o governo federal deve contrate 0s servigcos especializados e conte com a vasta experiéncia
do Intergovernmental Forum on Mining, Minerals, Metals and Sustainable Development (IGF),
do qual € membro, para avaliacdo completa das leis, politicas e regulamentos de fechamento de

mina existentes no pais, identificando os pontos fortes, fracos e as lacunas, por meio de pesquisa
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documental, revisdo de politicas, visitas a minas e consultas as partes interessadas do governo, da
sociedade civil e do setor privado.

Considerando ainda os resultados observados no presente estudo, de forma mais especifica e
paralelamente, devem-se ser adotadas as acdes abaixo para melhoria na estrutura regulatoria de
fechamento de mina do Brasil. Na FIGURA 2, considerando as proposic¢des feitas, é apresentada
a propostas de fluxo processual simplificado de fechamento de mina.

a) Utilizar os modelos de avaliacdo e implementacdo e revisdo de estrutura regulatoria de

fechamento de mina oferecidos por APEC (2018) e World Bank (2021);

b) Seguir as seguintes recomendagdes de OCDE (2022), embora estas ndo tratem de
forma especifica do tema fechamento de mina;

i) Realizar avaliacdo ex post para garantir que os riscos criticos sejam devidamente
regulamentados e gerenciados;

i) Estabelecer mecanismos e acdes que promovam a coeréncia regulatéria entre o
governo federal e os estados;

c) Instituir a obrigatoriedade do estabelecimento de garantia financeira para fechamento
de mina sendo o montante determinado a partir da estimativa periodica do valor
presente dos custos de implementacdo de todas as medidas de fechamento necessarias,
incluidas ai as etapas de manutencdo e monitoramento. Pode-se incluir a previséo de
possibilidade da empresa pedir a liberacdo gradual da garantia financeira & medida que
sdo executadas as acOes previstas no PFM e que estas sejam aprovadas pelo orgao
regulador competente;

d) Instituir instrumentos legais que formalizem a transferéncia de custodia para que

possam ser estabelecidos, entre o 6rgdo regulador e as empresas de mineragao,



f)

9)

h)

requisitos minimos de sucesso mensuraveis e auditaveis para que todas as agdes de
fechamento possam ser consideradas como concluidas e as responsabilidades das
empresas de fechamento sobre a area, cessem, conforme os achados de Flores e Lima
(2012);

Instituir mecanismos que permitam a efetiva participacdo da comunidade afetada no
planejamento do fechamento de mina;

Definir, de forma clara, em lei, que o Plano de Recuperacdo de Areas Degradadas é
parte integrante do Plano de Fechamento de Mina, conforme Lima, et al. 2006 e
estabelecer um fluxo processual entre a ANM e 0s 6rgdos ambientais de forma que a
aprovacao do Plano de Fechamento e aprovacao de sua execucdo na ANM dependam
de uma declaracdo emitida pelo 6rgdo ambiental informando que o Plano de
Recuperacdo de Areas Degradadas foi aprovado ou que a execucdo do Plano de
Recuperacdo de Areas Degradadas foi aprovada, respectivamente.

Consolidar na Resolucdo ANM que trata da maioria dos aspectos de fechamento de
mina, os aspectos relacionados ao fechamento temporario, retomada de operacdes e
reabilitacdo de areas pesquisadas, mineradas e impactadas, que hoje estdo dispersos na
NRM-20.3, NRM-20.6 e NRM-21, respectivamente;

Instituir auditorias regulares obrigatorias, a cada cinco anos, realizadas por
profissionais especialistas nas diversas areas que abrangem o fechamento de mina,
cadastrados em banco de dados especifico da ANM e custeadas pelas mineradoras com
0 objetivo avaliar a adequacdo e cumprimento do contetdo do plano de fechamento e

sua atualizacdo;
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1) Instituir auditorias

extraordinarias

obrigatdrias realizadas por profissionais

especialistas nas diversas areas que abrangem o fechamento de mina, cadastrados em

banco de dados especifico da ANM e custeadas pelas mineradoras em caso de

situacBes relevantes relacionadas com a modificacdo ou retificacdo do plano de

fechamento ou em caso de paralisacfes temporarias e retomada de operacdes;

J) Instituir conforme Qudro 2, um contetdo minimo do Plano de Fechamento de Mina,

independente da fase em que se encontre o empreendimento, sendo o detalhamento

progressivo ao longo da vida da mina, & medida que se obtém mais informacdes a

respeito do empreendimento e area no entorno. Baseado no nivel de informagéo o Plano de

Fechamento podera ser classificado como conceitual, basico ou detalhado.

QUADRO 2 — Proposta de contetdo minimo do Plano de Fechamento de Mina.
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Iltem

Descricdo

1. Resumo executivo

Deve apresentar de forma resumida os objetivos e escopo do projeto do Plano de
Fechamento de Mina, as instalagbes as quais o Plano seré aplicado, as obras, acdes e/ou
medidas propostas para fechamento. Deve apresentar também o custo das obras, medidas e
acOes contempladas no Plano de Fechamento de Mina, 0s instrumentos financeiros
utilizados para garantir o Plano e o prazo estimado de execugdo. O sumario executivo deve
ser autossuficiente, ser redigido de forma compreensivel para ndo especialistas da area, de
acordo com o conteldo indicado nas secdes seguintes, ndo podendo ultrapassar 10 paginas.

2. Indice

Os diferentes titulos, capitulos e topicos incluidos no Relatério devem ser indicados e
listados, especificando e listando cada um dos anexos.

3. Tipo de plano de fechamento

Neste capitulo deve ser indicado se o Plano de Fechamento que é apresentado para
aprovacdo é um Plano de Fechamento Total, que envolve todas as instalagdes que
compdem o empreendimento; Plano de Fechamento Parcial, que envolve uma ou mais
instalacOes que fazem parte do empreendimento ou um Plano de Fechamento Temporario,
no caso de fechamento por periodo determinado (em que nenhum tipo de operagdo é
realizada durante um periodo de tempo).

Para os Planos de Fechamento Total, deve-se indicar se é o primeiro plano de fechamento
do empreendimento ou se é uma atualizagdo deste. No caso de Fechamento Temporario,
devera ser especificada a justificativa e prazo proposto pela empresa para suspensdo de
suas atividades, que ndo podera ultrapassar dois anos.

4. O empreendimento

4.1 Identificacdo
4.2 Localizacéo
43 Descricéo da operagéo

Pelo menos as seguintes informacdes devem ser apresentadas:
e Razdo social (pessoa juridica) ou nome (pessoa fisica) do Titular;

e Nome do empreendimento;

o NUmero do processo minerario;

« Nome e nimero do titulo autorizativo de lavra;

e Endereco, telefones de contato, e-mail institucional,

e Descricdo resumida do processo produtivo, contendo o minério a ser extraido ou
beneficiado e sua produgdo mensal;

o Nome do responsavel técnico com o0 ndmero do registro no sistema CONFEA, nimero
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da respectiva Anotacdo de Responsabilidade Técnica — ART, que deve estar em anexo.

5. Descrigdo da regido do entorno

A érea onde se localiza o empreendimento deve ser indicada e descrita de forma
apropriada, indicando as caracteristicas atmosféricas, pluviométricas, sismicas, geoldgicas,
geomorfoldgicas e hidrograficas da area de influéncia, bem como a presenca de populagoes
préximas, atividades econémicas e outros aspectos importantes.

6. Avaliacéo de riscos (metodologia)

Deve ser feita a descricdo da metodologia e dos critérios utilizados para avaliar os riscos do
site em situacéo de fechamento a fim de determinar se os referidos riscos séo significativos
ou n&o.

7. Instalages

71 Caracteristicas
7.2 Localizagéo
7.3 Avaliagéo de riscos

7.4 Medidas, atividades e obras de
fechamento
7.5 Medidas, atividades e obras pos
fechamento

7.6 Uso futuro

Deve fornecer uma descri¢do de cada uma das instalagdes, incluindo as minas a céu aberto

e minas subterraneas, plantas de beneficiamento, pilhas de lixiviagdo, fundicdes e

refinarias, depdsitos de rejeitos, depésitos de estéreis, oficinas, areas de empréstimo, vias

de acesso, entre outras necessarias para viabilizacdo do empreendimento.

Para cada instalacéo, pelo menos as seguintes informagdes devem ser incluidas:

e Caracteristicas da Instalagdo: cada instalagdo serd identificada, fornecendo as
caracteristicas de sua estrutura, dimensOes, superficies, componentes, volumes,
producao, tonelagem, etc;

e Localizagdo: deve ser incluida a localizagdo georreferenciada em coordenadas
geogréficas, Datum SIRGAS 2000;

o Auvaliagdo de Riscos: uma Avaliacdo de Risco da instalagdo deve ser apresentada, em
condicdo de fechamento. Para essa avaliagdo de risco, a empresa deve levar em
consideracdo, pelo menos, 0s seguintes aspectos: caracteristicas da instalacéo,
localizagéo, proximidade de centros populacionais, atributos relevantes do meio
ambiente (corregos, rios, etc.);

o Medidas de fechamento e p6s fechamento: com base na Avaliagdo de Risco realizada
na instalagdo, deverdo ser informadas todas as medidas de fechamento e pds
fechamento necessérias e o volume que permite a valoragao dessas medidas, indicando
a unidade de medida utilizada;

e Uso futuro: informar o uso futuro pretendido para cada uma das instalacoes.

8. Quantificagdo dos custos para o
fechamento e pés-fechamento
8.1 Critérios para quantificagdo
8.2 Tipos de custos
8.2.1 Custos diretos de fechamento
8.2.2 Custos diretos pos fechamento

8.2.3 Custos indiretos e de administragdo
8.24 Contingéncias
8.3 Apresentacdo dos custos

Deve ser apresentada de forma detalhada a valoracéo de todas as medidas necessarias para
o fechamento para garantir a estabilidade fisica e quimica das instalacoes do
empreendimento. A valoracdo deve ser realizada por instalagdo, devendo ser apresentada
uma tabela onde constem as seguintes informagdes: nome da instalacdo, principais
caracteristicas, medidas de fechamento a serem realizadas, unidades de medida, custos
unitérios e custos totais.

A Valoracédo do Plano de Fechamento deve considerar os custos de administracdo, seja ele
executado diretamente pela empresa, ou por terceiro contratado para este fim pela empresa.

9. Programa de difuséo para a comunidade

Deve conter, no minimo, os seguintes itens relacionados ao Programa de Difusdo do Plano
de Fechamento de Mina:
o Objetivos: indicar os objetivos especificos do programa;

e Publico-alvo: identificar para qual publico que vai chegar a informacdo sobre o
fechamento de mina, que dependera também da area de influéncia do empreendimento;

o Estratégia de implementagdo: indicar como ira desenvolver o programa de difuséo;

e Cronograma de atividades: indicar o periodo em que desenvolvera cada atividade de
difuséo;

e Formas de difusdo: indicar o tipo de difusdo que se desenvolvera, se serdo, por
exemplo, palestras, conferéncias, publicagdes em diversos meios de comunicagéo, etc.

O inicio do Programa de Difusdo deve atender aos seguintes prazos de acordo com o tipo
de fechamento de mina:
e Fechamento Final: deve comecar pelo menos 2 anos antes da execucdo do plano de
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fechamento final;

e Fechamento Parcial: deve comecar pelo menos 1 ano antes da execucéo do plano de
fechamento parcial,

e Fechamento Temporario: deve comegar pelo menos 30 dias antes da execugéo do plano
de fechamento temporario.

10. Anexos Deve ser utilizado para inclusdo de qualquer outro documento que sirva de base para o
Plano de Fechamento, tais como: a bibliografia, relatorios laboratoriais, anotagdo de
responsabilidade técnica, estudos especificos, célculos matematicos, figuras, mapas,
plantas, tabelas e fotografias.

k) Desenvolver guias metodoldgicos, como por exemplo, os editados pelo
SERNAGEOMIN (2014, 2018, 2020), ndo obrigatérios, mas que sirvam como
ferramenta para as empresas elaborarem e executarem o PFM de acordo com o

previsto em legislacéo.

Inicio do processo

minerario
PAE com PFM
conceitual

Sim

-‘Na
Sim

Relatério de
Suspensao de
lavra

Néo_"

Relatério Final do
PFM

Atualizagées do
PFM: a cada 5

Ultima atualizagio
do PFM: 2 anos
antes da exaustéo

anos ou has
atualizagdes do
PAE

FIGURA 2 - Proposta do fluxograma de fechamento de mina.
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CONCLUSOES

O artigo tratou da regulamentacdo federal de fechamento de mina como um dos fatores de
sucesso para obtencdo de éxito nos casos de fechamento de mina, minimizando os impactos
ambientais, de salde e seguranca e socioeconémicos existentes.

Embora existam alguns estudos publicados relacionados a legislacdo de fechamento de mina
do Brasil, a pesquisa realizada é Unica no que se refere a analise de critérios chave de fechamento
considerando o atual ALFM.

Neste estudo, os achados, em geral, demonstram que apesar dos avan¢os obtidos nos ultimos
anos, o0 ALFM apresenta-se de forma compartimentada, contraditoria e confusa em alguns
aspectos. N&o estdo claras as responsabilidades do 6rgdo regulador da mineracdo e 6rgaos
ambientais e ndo é defina a relacdo existente entre conceitos importantes como o PFM e PRAD.

O ALFM ndo exige os componentes essenciais caracteristicos de uma boa estrutura de
regulacao de fechamento de mina de acordo com as melhores praticas internacionais. entre elas: o
estabelecimento de garantias financeiras para fechamento de mina e a previsdo de transferéncia
de custddia. Também inexistem guias orientativos oficiais para fechamento de mina. As
exigéncias e instrumentos constantes no ALFM néo sdo suficientes para permitir a elaboracéo e
execucdo tecnicamente adequada de planos de fechamento de mina.

Espera-se que este estudo constitua uma ferramenta para fornecer aos legisladores, 6rgao
regulador da mineracdo, empresas mineradoras, comunidades afetadas pela mineracdo e
sociedade em geral, uma ideia geral da gestdo do fechamento de minas no Brasil, e que 0s
resultados desta pesquisa possam ser considerados na formulacdo de politicas para melhoria da
regulacdo do fechamento de mina a nivel federal, a partir do desenvolvimento de novos

regulamentos ou aprimoramento dos ja existentes.
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CAPITULO 3

ARTIGO 2 — ARE MINING COMPANIES MATURE FOR MINE
CLOSURE? AN APPROACH FOR EVALUATING
PREPAREDNESS

Are mining companies mature for mine closure? An approach for evaluating preparedness

Abstract

Evaluating how well a mining company is prepared to close an operating mine can help in managing the risks of not
achieving closure goals and intended future site conditions. Considering international best practices
recommendations, we developed and tested a procedure to evaluate, during the operational phase, the preparedness
of companies to close a mine. Based on the principles of physical stability, chemical stability, socioeconomic
transition, and post-mining land use, a weighted checklist containing 69 best practice statements was tested in three
operating metal mines in Northeastern Brazil. The best practice statements and their respective weights were
submitted to a 12-member expert group. The practices are organized in four assessment areas: (i) mine closure
documents, (ii) physical and chemical stability, (iii) costs and financial provisioning, and (iv) community
engagement and social transition. In applying the tool, evidence is collected by document review, interviews and site
inspections, and evaluated using professional judgement to determine a level of achievement for each group of
practices. A preparedness index is then calculated and a preparedness level is obtained. All field-tested mines ranked
high for cost and financial provisioning, possibly reflecting they are publicly-owned companies, but ranked in the
medium range for the three other assessment areas, indicating a risk of negative legacy. Their preparedness for
closure should be a matter of concern for investors, regulators and communities.

Keywords: legacy; metal mining; mine planning; mine rehabilitation; early closure.
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1. Introduction

There is widespread understanding that mine closure planning should be part of general planning for a new mine
and that closure plans should be periodically updated (APEC, 2018; ICMM, 2018). Moreover, progressive closure
should be implemented as far as possible during the operational phase, aiming at achieving the intended post-closure
land use (Rosa et al., 2018). However, there is ample evidence that the care many mining companies have for
opening mines is not the same they have when preparing for mine closure (Laurence, 2006).Abandonment or
unsuccessful closure is still the fate of several mine sites (UNDP and UN Environment, 2018), harming the mining
companies themselves, but especially communities, governments, and society in general, leaving a legacy of health
and safety hazards, unemployment, declines in revenue, as well as environmental degradation (Unger et al., 2015;
Bennett, 2016).

The fact that many companies carry out a substantial part of closure actions only at the end of a mine lifespan
with limited technical preparation and financial resources is one reason of poor performance (Limpitlaw and
Mitchell, 2013; McCullough, 2016). The problem is further exacerbated when companies avoid mine closure through
indefinite care and maintenance (Pepper et al., 2021). Mining Journal (2017) ranked mine closure among the five
highest operational risks to mining.

Successful mine closure requires joint effort and cooperation between companies, governments and
communities (Syahrir et al., 2021) in a process that begins when planning for a new project and progresses
throughout its entire life cycle, considering technical, environmental, social, cultural, and economic aspects (DIIS,
2016¢; ICMM, 2018; Asr et al., 2019) aiming at meeting agreed closure objectives (Sanchez et al., 2014; Rosa et al.,
2018).

The importance of adequate closure planning for all structures or domains in a mine becomes evident when
observing the catastrophic rupture that occurred in 25 January 2019 of the B1 tailings dam in Brumadinho, Brazil.
The dam, inactive since 2016, collapsed due to technical, organizational, and governance problems (CIAEA, 2020)
that were not compatible with best practices in mine closure planning. This case has been considered the most fatal
tailings dam rupture in the history of mining (Saes and Muradian, 2021), killing 266 people while 4 were still

missing as of June 2022, in addition to extensive environmental and socioeconomic damages (Vale, 2022).
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While it is widely acknowledged that closure plans should be regularly updated to reflect changes in reserves,
production processes, markets, technology, environmental issues, community expectations, and regulations (ICMM,
2018), closure planning generally assumes that mining will advance to the exhaustion of reserves. Less attention has
been dedicated to sudden or premature closure — i.e. before mineral reserves have been exhausted (Laurence, 2006;
Sanchez, 2011; Sanchez et al., 2014). Mines can close prematurely for a variety of reasons - economic,
environmental, social, market, or political (Laurence, 2006; Sanchez, 2011; DMP and EPA, 2015; ICMM, 2018;
Anglo American, 2019b).

Premature closure represents ~75% of almost one thousand mine closures worldwide in the period 1981-2009
(Laurence, 2011). Yet, the phenomenon is still scarcely studied and approaches to minimize risks are poorly known,
making early closure a growing priority for the industry, government, and communities (Laurence, 2011; Syahrir et
al, 2021). Evaluating how a mining company is prepared to address the risks of premature closure (Taveira and
Sanchez, 2016) could help to identify possible planning gaps and corresponding actions to address those gaps.

Progressive closure and regular updates of the closure plan enables companies to assess their preparedness for
closure and to plan for premature closure. Such an assessment can provide support for mining companies to develop
any improvements or corrective actions to reduce risks to the environment, health and safety of workers and
communities, that are inherent to closure activities, and pilot the transition to the post-mining period.

Progressive closure is defined as the implementation of closure activities over the course of the mine’s lifecycle
(ICMM, 2018). The importance of this strategy lies in reducing the risks of not achieving closure goals (DIIS,
2016c¢). A successful approach to progressive closure must be integrated with the company’s management system,
focusing on continuous improvement, and based on specific knowledge, research, and monitoring of the mining
structure that will be closed (DIIS, 2016c). As a mining structure — such as a tailings dam or a waste rock deposit —
becomes inactive, it should be decommissioned and rehabilitated according to the closure plan (Heikkinen et al.,
2008; DMP and EPA, 2015; ICMM, 2018; Lacy et al., 2019). Among the advantages of conducting progressive mine
closure are a greater comprehension of the characteristics of each structure; opportunity to test and improve
rehabilitation practices; progressive reduction of potential liabilities; greater accuracy of estimates and minimization
of closure costs; while the commitment to the affected and interested parties will be more consistent and transparent

(DIRT, 2006; Mackenzie et al., 2006; ICMM, 2008, 2018; Queensland, 2017; Anglo American, 2019a).
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ICMM (2008) developed a conceptual model to evaluate closure objectives and determine an achievement rate
of actions taken to reach them, employing a qualitative scale for seven knowledge platforms with their respective
classification of achievement for the proposed closure objectives, though without specifying closure planning
practices or actions. This model was not maintained in the updated version of the guide (ICMM, 2018). Neri and
Sanchez (2010, 2012) developed a method for assessing ongoing quarry rehabilitation practices based on
performance in three areas: planning, operation, and management. Sanchez (2011) proposed 11 criteria to assess the
degree of preparedness of companies for the premature closure of mines, among which are issues regarding
assessments of risks, costs, participation of the community in mine closure planning, and actions after closure. In
turn, Anglo American (2019b) developed a tool based on company-specific health, safety, and environmental
policies to assess the status of mine closure planning and its operations. The tool allows the identification of
deficiencies in mine closure planning, in addition to defining the level of detail it should contain regarding the
lifespan of the enterprise. Over the course of the present study, ICMM (2020) published a tool called Closure
Maturity Framework, based on key elements of its updated guidance (ICMM, 2018) and considering different life
stages of a mine, with the objective of assisting companies in measuring the status of their enterprises regarding
closure planning. This tool considers a maturity scale with four levels, varying between “initial practice” to “leader
practice”.

The present study aimed to test and validate a procedure based on international best practices to allow mining
companies to periodically assess their preparedness for closure, seeking to reach the intended future post-closure
condition and closure goals. Here we consider physical and chemical stability, socioeconomic transition, and
definition of post-mining land use as closure principles, as established in the hierarchy of needs of mine closure
planning of APEC (2018). The procedure was calibrated and tested in three large metal mines located in the semiarid
region of Bahia state, Northeastern Brazil. Metal mines are more exposed to the risk of premature closure because of
commodity price fluctuations (Sanchez, 2011). Many metal mines are complex operations both in mining and in
mineral processing operations, presenting risks to the environment and health and safety of workers and
communities. Moreover, the selected mines play an important economic role in their respective regions. According
to ANM (2021a), in 2020, the revenues and royalties payments of these three companies corresponded, respectively,
to 49% and 47% of the total for the mining sector of Bahia. If the companies are not adequately prepared, closure

represents a high socioeconomic risk.
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To develop a procedure to evaluate preparedness of a mining company for mine closure, we drew on the

literature and used existing guidance to identify key categories of mine closure planning and their respective

recommended best practices. Then we prepared a structured checklist of best practice statements, validated through

expert consultation, and applied to three metal mine sites. Evaluation criteria were developed and applied to analyze

evidence collected from field application. The main steps are summarized in Figure 1.

Expert consultation to

Application to three

Idenhfuca}non and Eoreach gategory, validate the list and metal mines through
selection of preparation of a . Development of .
5 o preparation 3 S, desktop review, Data analyses and
assessment categories —» list of best -> s . —» evaluation criteria—+» . . h . :
> q of the final list of best interviews and site interpretation
and best practices practices . . .
practice statements inspections

Figure 1 - Main research steps.

2.1. Identification and selection of assessment categories and best practices in mine closure planning

Four closure principles (Table 1) were used to structure a literature survey of best practices in mine closure

planning. Practices were surveyed under four key categories: closure planning documentation, physical and chemical

stability, costs and financial provisioning, and community engagement and socioeconomic transition. To prepare a

list of best practices to support preparedness evaluation, we followed an approach similar to Neri and Sanchez (2010,

2012) in their survey of best mine rehabilitation practices, and Costa and Sanchez (2010) to evaluate environmental

performance of highway works, by preparing a preliminary list of practices, based on literature review, that were: (i)

grouped by category, (ii) screened, to fit the research purpose, and (iii) transformed into short statements.

Table 1

Principles considered in the development of a procedure to evaluate preparedness for mine closure.

Principle Concept Source
Physical Ensuring structural safety of all remaining engineered structures  Heikkinen, et al., 2008; Neri and Sanchez,
stability through actions to minimize risks to safety of people, public 2010, 2012; Sanchez et al., 2014; Adams et

health, and natural resources. Ensuring control of erosion and soil
conservation were applicable. Actions can encompass, for

example, slope stabilization, removal of rock blocks in open pit

al., 2018; APEC, 2018; ICMM, 2018;
SERNAGEOMIN, 2018; World Bank, 2021;

Massignan and Sanchez, 2022.




Chemical

stability

Socioeconomic

transition

Post-mining

land use

mines, recontouring of waste rock piles, filling of mine voids, and
construction of diverting channels and dry covers in tailings
disposal facilities.

Ensuring that the mine site will not be a source of pollution of
surface and ground water and soil, and will not threaten the biota.
Particular attention should be paid to potentially acid generation
materials and structures, including open pits, underground
excavations, waste rock piles and tailings disposal facilities, and to
chemicals and hydrocarbon storage and handling sites.

Seeking to ensure that socioeconomic benefits are lasting and
legacies are positive. Adverse negative effects of mine closure,
such as unemployment and loss of taxes should be minimized,
especially in places where mining is the main employer and
economic driver. This transition can be made easier through
stakeholder engagement and investments in capacity building,
requalification of human resources, and economic diversification.
Alternatives for future use of mine structures (or domains) and
land should be developed

considering constraints  (e.g.

geotechnical or geochemical) and opportunities (e.g. site
redevelopment for commercial purposes), legal and regulatory

requirements, with meaningful stakeholder involvement.

Mchaina, 2001; Heikkinen et al., 2008;
Sénchez et al., 2014; SERNAGEOMIN, 2014;
Parbhakar-Fox and Lottermoser, 2015; Jones
and Cetin, 2017; Kefeni et al., 2017; APEC,
2018; UNDP and UN Environment, 2018;
Salom and Kivinen, 2020.

ICMM, 2010; Owen and Kemp, 2013;

Sénchez et al., 2014, DIIS, 2016e;
McCullough, 2016; Bainton and Holcombe,
2018; Laurencont et al., 2019; Morrison-
Saunders, 2019; Vivoda et al., 2019; Silva et
al., 2021; Monosky and Keeling, 2021;
Syahrir et al, 2021.

Neri and Sanchez, 2010, 2012; Sanchez et al.,
2014; Rosa et al., 2018; Morrison-Saunders,
2019; Pershke and Elliott, 2019; Rosa et al.,

2020.

2.2. Preparation of a preliminary version of a best practice checklist and validation of content

51

Best practices statements extracted from the literature were organized in a checklist according to the four

assessment categories. To validate its contents, experts were consulted using the Delphi technique, a methodology

that seeks consensus among a group of specialists on a subject. Given that mine closure planning is a

multidisciplinary matter, experts from several backgrounds and multiple sectors were invited. As a basis for

invitation, a minimum of five years of experience in the mining industry was adopted. With the objective of

obtaining different perspectives, invitations were sent to specialists from Brazil's National Mining Agency (ANM),

environmental agencies, universities, and mining companies.
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Out of 20 experts invited, 12 accepted to participate: four academics, four ANM staff, one from an
environmental agency, and three from mining companies. Regarding professions, four were geologists, seven were
mining engineers, and one hold a double degree as geologist and mining engineer. Five experts had a specialization
degree, five had master’s degrees, and two had doctorate degrees in the fields of Geology, Mining Engineering,
Geotechnics, Environmental Science, and Workplace Safety. The group of specialists had on average 22 years of
experience. No social specialist was identified in the pool of agencies, companies and universities considered.

Communication with the specialists was made via e-mail. The invitation informed the recipient about the
objective and relevance of the study, and the importance and attributions of the participating specialists. Best
practices statements, grouped in categories, were sent to the specialists together with all instructions needed. Experts
were asked to evaluate the relevance of each item through a Likert scale, as follows: 1 (irrelevant); 2 (slightly
relevant); 3 (relevant); and 4 (very relevant). Items with scores of 1 or 2 required justifications from the specialists,
though all items had a field reserved for comments.

After compiling the responses, a content validation index (CVI) was used. This technique regards the degree to
which an evaluation tool reflects a specific domain of knowledge which it seeks to measure, in other words, it is the
degree to which a measurement represents the concept that is being measured (Sampiere et al., 2013). The CVI is
calculated by dividing the total number of specialists that attributed scores 3 or 4 by the total number of specialists
that participated in the evaluation (Shrotryia and Dhanda, 2019). Based on the scores attributed and the suggestions
and comments of the specialists, other best practices were included (provided they were referenced in the literature),
and some were either excluded or rewritten, considering an acceptable minimum CVI value of 0.8 for each
(Shrotryia and Dhanda, 2019).

Thus, after evaluation by the specialists and CVI calculations, modifications were made to the list of best
practice statements and the final version was elaborated, with a general CV1 of 0.96 for all practices.

The checklist comprises four categories (i) mine closure planning, (ii) physical and chemical stability, (iii) costs
and financial provisioning, (iv) community engagement and social transition, and their respective best practices. The
first category contemplates general aspects of mine closure planning, including closure objectives, pre-mining
environmental and socioeconomic conditions, main structures, and intended future use. The physical and chemical
stability category addresses practices related to the characterization and potential formation of acid mine drainage,

tailings and waste, risk analysis, slope stability, monitoring, inspection and maintenance of open pit and underground
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mines, waste rock deposits, heap leaching piles, and tailings dams. In turn, the costs and financial provisioning
category contemplates practices related to estimating all costs and accounting for provisioning to enable the
application of actions planned for mine closure. The community engagement and social transition category regards
practices related to the involvement of the community in mine closure planning and identification of opportunities to
diversify the local economy to reduce the impact from shutting down the mine (see Supplementary Material Boxes 1,

2,3and 4).

2.3. Development of evaluation criteria

A classification scale was determined to assess the level of achievement of each practice by attributing a score to
each Achievement Level (AL) observed (Table 2), thus allowing the transformation of qualitative data obtained from
document review, interviews and site inspections into a performance index (Neri and Sanchez, 2012). Using the
score obtained for each practice per category, a Preparedness Index (PI) and a respective Preparedness Level (PL)

were determined, as shown in Equation 1 and Table 3.

Table 2

Classification of the level of achievement of the practices analyzed.

Achievement level (%) Classification Score
100 Excellent (E) 1
80 < AL<100 High (H) 0.8
60 < AL <80 Moderate (M) 0.6
40 < AL <60 Reasonable (R) 0.4
20 <AL <40 Low (L) 0.2
0<AL<20 Very low (VL) 0

P +0BPy +06P +0.4Pg +0.27;
Pr—Puna

Equation 1: FI =

where, Pe is the total number of practices classified as excellent, Py is the total number of practices classified as
high, Pwm is the total number of practices classified as moderate, Pr is the total number of practices classified as
reasonable, P_ is the total number of practices classified as low, and Pt is the total number of practices in the

category. Pna are practices not applicable to the assessed enterprise.
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Table 3

Relationship between the Preparedness Index and Preparedness level.

Preparedness Index Description Preparedness Level

A sufficient set of mine closure practices in the category is

adopted, leading to the prevention of risks and impacts and
0.75<PI<I to the correction of the most significant degradation High
processes. There is evidence of actual results achieved or

improvement obtained.

Some practices are applied adequately, and others are in

0.50<PI<0.75 progress. However, there are practices that are not applied Moderate

or should be better developed.

Only some practices are effectively applied or have actions

P1<0.50 in progress, demonstrating low adhesion of the organization Low

to the best practices in mine closure planning.

Source: Modified from Neri and Sanchez (2012).

2.4. Elaboration of the final version, application, and analysis of the results

The final version of the checklist was used to gather and record evidence through desktop review, interviews
and field inspections. The checklist was applied by the first author between July and August 2019. Although
collaboration of mine officers is essential, no companies’ representatives had access to the filled-out evaluation
spreadsheets.

Firstly, each practice was checked to verify if it was applicable and, in the case it was, if it had been carried out.
If so, it was then assessed regarding how well it was implemented, based on evidence collected through document
review and interviews and direct observations made during visits to each mine site, as described below.

Semi-structured interviews were conducted based on the checklist, though the interviewer was free to ask
additional questions for clarifications regarding the practice being assessed. Staff from the following sectors of each
company were interviewed: general management, mine planning and operation, environmental, workplace safety,

and social management, and controllership, in addition to two members of the community around the Mine W. In



55

total 9 people were interviewed at mine K, 10 at mine W and 12 at mine Y. Due to corporate secrecy, the names of
the mining companies assessed have been omitted and are presented as codes throughout the study.

The direct observation strategy contemplated mainly visual inspections of structures, such as open pit and
underground mines, tailings dams, waste rock deposits, heap leaching piles, and storage areas for chemical products,
which were conducted always in the presence of at least one representative of the sector visited. In these structures,
aspects such as slope conditions, surface drainage systems, signaling, and presence of collective protection
equipment, accesses, and common anomalies of each type of structure were observed.

Document analysis included the mine closure plan, internal procedures, projects’ documents (including, when
available, “as-built”, “as-is” records), technical reports, records related to inspections, maintenance and monitoring,
meeting minutes, operation manuals, audit reports, mining plan, capital expenditure, risk assessment, service orders,
and purchase orders.

The data and information used to evaluate each company were collected, as much as possible, through
triangulation, i.e. using three evidence collection methods with the objective of either confirming or discarding the

results and findings, providing greater validity to the study (Yin, 2016).

3. Results

3.1. Companies profiles

Selected characteristics of the mines are featured in Table 4.
Table 4

Selected characteristics of the studied mines (reference year 2020).

Parameter Mine K Mine W Mine Y

Time of operation (years) >30 >30 >30

ROM (million t/year) 131 247 2.32

Lifespan (years) 4 11 10

Main structures UM, OM, WR, HL, and TD UM, OM, WR, and TD UM, OM, WR, HL, and
TD

Inactive structures UM, OM, WR, HL, and TD OM, WR, and TD OM, WR, HL, and TD

Accumulated tailings (million m®) 18.4 239 54.4

Accumulated waste rock deposits 25.7 9.2 65.0
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(million t)
Employees 1,030
Certifications ISO 14001, OHSAS 18001,

and Cyanide Code

Yearly royalties payments (US$ 1.61
million)

Shares in stock exchange Yes

1,860

ISO 14001,

2,470

OHSAS  1SO 9001, I1SO 14001, and

18001, and Cyanide Code OHSAS 18001

4.44

Yes

4.26

Yes

UM (underground mine); OM (open pit mine); WR (waste rock deposits); HL (heap leaching piles); TD (tailings dam). Source: ANM, 2021b and

interviews.

3.2. Evaluation

The mines were classified according to the preparedness index of each category (Tables 5, 6, 7, 8 and 9). The

frequency of preparedness levels for all categories in all mines showed that 67% presented a moderate level, while

33% were at a high level of preparedness. Specifically for the category Physical and chemical stability, which had

subdivisions, we observed that except for one mine, which did not have a mining structure, 29% of items were

classified as having low preparedness, 64% were moderate, and 7% were high. Results for this category are featured

in Supplementary Material.

Table 5

Preparedness index and levels for the category Closure planning documents.

Best practice Mine K Mine W Mine Y
The mine closure plan should be considered in the 0,8 0,8 1
company's strategic planning.
The mine closure plan should shortly describe key 1 1 1
pre-mining  environmental and  socioeconomic
conditions.
The mine closure plan should contain a description of 1 1 1
the main existing structures (mines, piles, tailings
storage facilities and others).
The mine closure plan should include specific 0,6 04 1
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information for closure of each domain of the mine.

The mine closure plan should include a risk 1 0,2 1

assessment of each domain of the mine.

The mine closure plan should clearly state the main 0,8 0,2 0,6

closure objectives.

The mine closure plan should address a premature 0 0 0,8
closure scenario, identify risks, and describe actions

to be taken during the care and maintenance period.

The mine closure plan should define the intended 1 1 1

future use of each domain of the mine.

The mine closure plan should contain a schedule of 1 1 1

activities for mine closure.

The mine closure plan should identify opportunities 0 0 0

for progressive closure.

The mine closure plan should contain an adequate set 0 0,4 0

of indicators to assess its progress and outcomes.

The mine closure plan should be periodically updated 0,6 0 0
or updated when there are significant changes in the

mining plan or in external conditions.

Table 6

Preparedness index and levels for the category Physical and chemical stability.

Mine domains Mine K Mine W Mine Y
Open pit and underground mines 0.47 034 051
Waste rock deposits 053 058 071
Heap leaching piles 0.44 not applicable 0.51
Tailings storage facilities 075 067 073

Ancillary installations and others sites 0.47 070 0.60




58

Table 7

Preparedness index and levels for the category Costs and financial provisioning.

Best practice Mine K Mine W Mine Y

All costs related to mine closure should be estimated, 0,8 0,8 0,8
such as earthmoving, soil management, revegetation,
social programs, monitoring and post-closure

maintenance.

Closure costs should be estimated considering the 0,8 0,8 0,6
mine’s lifespan, plan updates, at consistent market
price surveys for the necessary materials and

services.

The estimated costs to cover closure costs should be 1 0,8 1

updated annually.

There should be financial provisioning to cover the 1 1 1

necessary costs for mine closure.

The estimated costs and provisioning for closure 1 1 1

should be annually audited by a specialized company.

Table 8

Preparedness index and levels for the category Community engagement and social transition.

Best practice Mine K Mine W Mine Y

There should be a process to identify stakeholders 0,6 0,8 0,6

(community) related to mine closure.

There should be an official communication channel 0,6 0,6 0,6
to receive, record, evaluate, and respond to issues
raised by the community regarding the mine closure

plan.

The community should be consulted about the 0,6 0,2 0,6

intended future use of the area post-closure.




The socioenvironmental impacts of the closure

should be identified and assessed.

An assessment should be carried out to identify
opportunities to diversify local economy as to reduce

the impact of mine closure.

There should be performance indicators so that the
results of community engagement and social
investment for closure can be monitored and

evaluated.

0,2

1 1
1 1
0 0

Table 9

Preparedness index and levels for each mine and overall score obtained for each category.

Category Mine K Mine W Mine Y
Closure planning documentation 0.65 0.50 0.70
Physical and chemical stability 0.53 0.57 0.61
Costs and financial provisioning 0.92 0.88 0.88
Community engagement and social transition 0.67 0.60 0.63

4, Discussion

4.1. Case studies

59

The case studies encompass companies of high environmental and socioeconomic relevance in the mining

industry of the state of Bahia, given the size of the enterprises, number of direct jobs generated, as well as royalties

payments.

Regarding the closure plan category, only at Mine Y the possibility of premature closure is addressed. This mine

has a contingency plan for such and has gone through a period of care and maintenance for over a year due to

financial and operational motives. Mine K and Mine Y both prepared a risk assessment regarding mine closure. None

of the companies identified opportunities for progressive closure in their closure plans, and none of them has

indicators to assess the results of mine closure planning. The three mines evaluated presented mine closure plans that

describe the pre-mining environmental and socioeconomic conditions and the characteristics of the main structures.
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In general, certifications were shown to contribute towards management of issues related to what was
preconized in the mine closure plan. The most direct contribution was observed from the certification provided by
the International Cyanide Management Code, which is a voluntary program created by companies involved in the
production, transport, and consumption chain of cyanide with the aim to improve the management of this chemical
product regarding its relationship with human health, production means, and ways of mitigating its impacts (ICMI,
2020). One of the principles of the Code regards the decommissioning of installations containing cyanide, which has
been addressed and is being fulfilled in mines K and W.

In the physical and chemical stability category, tailings dams were the structures that obtained the best global
result, though they were classified at a moderate level of preparedness. This undoubtedly reflects the policies
adopted by ANM over recent years seeking to reduce risks after the tailings dams disasters of Samarco in 2015 and
Vale in 2019 (WISE, 2020). However, these improvements were only observed regarding physical stability, with
deficiencies still present concerning the chemical stability of these structures, potential formation of acid drainage
and reduction of its impacts.

Though there were several inactive structures in the studied mines, progressive rehabilitation and closure was
not practiced and for most such structures, an executive closure project was not found. Best practice in the physical
and chemical stability category was found in mine Y where tailings are disposed of in exhausted pits with co-
disposal of tailings and waste and subsequent rehabilitation of the area.

When considering the costs and financial provisioning category, all companies obtained good results. This can
be explained by the fact that all companies have stocks in stock exchange. Brazilian legislation does not require
mining companies to provide a financial guarantee for their execution by the State in cases where, at the end of the
mine’s lifespan, the measures preconized in the closure plan approved by the ANM are not implemented. However,
all companies have stock recorded in the United States Securities and Exchange Commission, a federal agency that is
independent from regulation and control from the financial market. Thus, for these companies to annually meet the
Sarbanes-Oxley Act, the requirements defined by the International Accounting Standard (IAS) 37 and following the
Asset Retirement Obligation (ARO) methodology, they must elaborate, revise, and divulge in their accounting
reports an estimated cost for the decommissioning their assets.

Regarding the community engagement and social transition category, several projects were found that are

developed in partnership with communities, seeking to diversify the local economy to reduce dependence on the
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mines and valuing the potential of each region. In general, those projects are focused on the development of
agriculture and livestock, and related activities. However, no company had indicators to assess the results of their
socioeconomic programmes. Moreover, communities were found to generally not have access to the content of the
mine closure plan.

The best performance was found in the category costs and financial provisioning. While this category is mostly
influenced by market mechanisms and stock market regulations, performance in the three other categories is more
related to regulatory compliance. Regarding closure planning documents, Brazilian regulatory requirements were
strengthened only in April 2021, as a consequence of law amendments introduced in the National Congress after the
Brumadinho disaster. At the moment the evaluation was conducted, there were only minimal requirements.
Similarly, community engagement is not legally required for mine closure, while public consultations in the
environmental impact assessment and licensing process — prior to mine opening or major expansions — is generally
weak (Sanchez and Duarte, 2022).

Overall, the mines obtained similar results, showing the same level of preparedness for all categories. However,
Mine K was considered to have the least satisfactory result, given that its remaining lifespan is only four years, while
the others are scheduled to operate for more than ten years. Thus, Mine K has less time to carry out the
improvements needed in its mine closure planning process.

The results demonstrate that mine closure planning preparedness was deficient in the three companies evaluated.
Only a moderate level of preparedness was achieved for the mine closure plan, physical and chemical stability, and

community engagement and social transition categories, indicating a risk of negative legacy in case of closure.

4.2. The procedure

The application of the evaluation procedure requires knowledge on assessment and auditing techniques to check
data and information. It is also necessary to gain familiarity with the checklist, the mine layout, and the productive
process of each enterprise to be assessed. A general overview of the area by consulting aerial images or flyover
videos using drones, could significantly contribute to a broader understanding of the site.

Professional judgement is fundamental to apply the procedure. Experience in the fields of mining, risk

management, environmental management, social planning, and financial resource management are examples of what
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is required. It is also important to understand what is most relevant in the evaluation process, given the numerous
documents (projects, reports, technical assessments, and records) to be reviewed, areas to inspect, and usually
limited time. The mine closure plan is a fundamental document for the analysis and planning inspections. Visual
inspections of the main structures should be valued, regardless of if they are active or not. Triangulation of the
collected data and information should take place as much as possible, so as to validate evidence obtained through
observations, interviews and document review. The specificities of each mine should be considered in the evaluation.

Though there are several categories and standard practices with different levels of relevance, in many cases there
is a relationship of interdependency among them, such that the evaluation of one can interfere in the result of the
other. Thus, to simplify matters, the procedure developed presents a single weight for all categories and for all
standard practices.

Out of the four assessment categories, the checklist contains more detail about the physical and chemical
stability of the main structures of a mine, because these are the starting points and fundamental to reach closure
objectives (11SD, 2019). The importance of the three other assessment categories depends on the context in which the
mine operates. In situations where the community is dependent on the mine as the main economic driver, particular
attention should be paid to the socioeconomic transition category.

Though the procedure was applied to metal mines, it is applicable to all sorts of minerals, with the exception of
cases involving marine or lake mining and solution mining. In these cases, adjustments should be made to the
checklist to incorporate the specificities of these mining techniques. The procedure can be used to monitor, evaluate,
and optimize mine closure planning. It can also provide easily understandable information to stakeholders and
provide more accurate information to sustainability reports than oversimplified indicators such as “number of sites
with a closure plan” (Pérez and Sanchez, 2009). It can also be helpful in mine sustainability certification schemes
that encompass several variables (Troster and Hiete, 2019).

The result of the process reflects the situation of the company at the moment it is analyzed. Therefore, a
periodical evaluation should be implemented as part of a continuous improvement process over the course of the
enterprise’s lifespan. The process could be repeated as mine closure plans are updated, or as there are changes in the

operation, technology, legislation, new risks, or new expectations of the community.
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When compared to the tool produced by ICMM (2020), the present procedure has a distinctly greater detailing
of categories and practices evaluated, especially main mine structures, such as open pit and underground mines,

tailings dams, and waste rock deposits.

4.3. Limitations

The present study did not address aspects related to biodiversity, such as flora and fauna, nor air quality. The
analysis of financial provisioning for closure was restricted to verifying the existence of provisioning and conduction
of regular audits to check for the adequate application of resources. Due to the high complexity of this aspect, it was
not possible to identify if the provisioned values were sufficient and corresponded exactly to the current needs to
carry out the activities for mine closure planning.

The checklist was elaborated without the participation of specialists with a background in social sciences, as
these professionals are generally not part of the staff of the organizations from where the experts were drawn.
Likewise, the evidence obtained regarding the category Community engagement and social transition was limited to
statements from either the companies or stakeholders that were involved in partner projects with the mining
companies. Thus, these do not reflect the often-complex vision of the communities in the areas impacted by the

enterprises.

5. Conclusions

This study considered mine closure planning throughout the whole life of a mine as a necessary action to
successfully meet mine closure goals in either planned closure or premature closure scenarios, thus minimizing
environmental, health and safety, and socioeconomic impacts triggered by possible mine abandonment or long care
and maintenance periods.

As a way to fill a gap in mine closure planning models available in the literature, here we propose a procedure
that enables an ongoing assessment of a mining company preparedness to deliver the goals defined in their mine
closure plans. The procedure was structured on the grounds of the principles of physical stability, chemical stability,

socioeconomic transition, and definition of post-mining land use and contains a checklist of best practices.
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Application of the checklist requires professional judgement regarding the several disciplines that encompass the
field of mine closure planning to evaluate practices at a mine and to obtain a preparedness index.

The procedure was applied to operating metal mines, but is conceivably applicable to non-metallic mines as a
tool to monitor, evaluate, and optimize mine closure planning.

Application to the three large metal mineral mines in Brazil showed that their preparedness for closure should be
a matter of concern for investors, regulators and communities. The three companies were found to be well prepared
concerning costs and financial provisioning, but there are gaps in terms of closure documentation, ensuring physical
and chemical stability of closed structures and community engagement and preparation for socioeconomic transition
after closure. This could be a matter of concern in case of premature closure or long-term care and maintenance.

The proposals made in the present study can contribute towards the improvement of processes and procedures
involving mine closure planning. Companies and interested parties can assess the general conditions of mine closure
planning with sufficient advance to introduce corrections and improvements, so as to reach closure objectives and
avoid the abandonment of mine sites. Our findings can also be of interest to professionals and researchers involved in

sustainability reporting and in certification.
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CAPITULO 4
CONCLUSOES

Por meio de dois artigos, a presente pesquisa tratou da avaliagdo do fechamento de mina no
Brasil sob dois aspectos considerados fundamentais para minimizacdo dos impactos ambientais,
de salde e seguranca e socioecondmicos existentes de forma a possibilitar que os locais
minerados e/ou areas adjacentes possam atender as necessidades previstas de uso pos-mineracao.
Um no ambito regulatorio federal, mais especificamente no aspecto relacionado a legislacéo, e
outro no ambito das empresas mineradoras, mais especificamente na preparacdo destas para o
fechamento, tendo como estudo de caso, mineradoras localizadas no semiarido baiano.

No artigo 1, fica claro, que apesar das melhorias feitas nos ultimos anos na legislacéo federal
de fechamento de mina, o atual ALFM ndo é satisfatorio. O ALFM ndo exige componentes
essenciais caracteristicos de uma boa estrutura de regulacdo de fechamento de mina de acordo
com as melhores préticas internacionais, entre elas: a ndo exigéncia do estabelecimento de
garantias financeiras, bem como a ndo previsdo de transferéncia de custddia. As exigéncias e
instrumentos constantes no ALFM néo sdo suficientes para permitir a elaboracdo e execucao
tecnicamente adequada de planos de fechamento de mina. Ao final, foram feitas proposi¢des para
adequacao do ALFM as préaticas adotadas mundialmente.

No artigo 2, o procedimento proposto foi estruturado com base nos principios de estabilidade
fisica, estabilidade quimica, transicdo socioeconémica e definicdo do uso da terra pés-mineracéo
e contém uma lista de verificacdo das melhores préticas, funcionando como uma ferramenta que
pode ser utilizada para monitorar, avaliar e otimizar de forma continua o planejamento de

fechamento de mina. O procedimento foi aplicado em trés grandes minas de minerais metalicos
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localizadas no semiérido baiano e mostrou que sua preparacdo para o fechamento deve ser
motivo de preocupacdo, sobretudo, em caso de fechamento prematuro ou cuidados e manutencao
de longo prazo. As trés empresas mostraram-se bem preparadas em relacdo aos custos e
provisionamento financeiro, mas ha lacunas na documentacdo de fechamento, garantia de
estabilidade fisica e quimica das estruturas e engajamento da comunidade e preparacdo para a
transicdo socioecondmica apds o fechamento.

O governo brasileiro, bem como as empresas mineradoras, como principais partes
interessadas, precisam desenvolver agdes efetivas com intuito de fazer com que o fechamento de
mina no Brasil se dé conforme as melhores praticas internacionais, desenvolvendo melhorias, por
exemplo na legislagdo de fechamento de mina, bem como adotando ferramentas que permitam
que se avalie a preparacdo para fechamento de mina desde a fase de projeto, permitindo, dessa

forma, a minimizagao dos riscos existentes.
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authors that they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of authors after
the manuscript has been accepted. While the Editor considers the request, publication of the manuscript will be
suspended. If the manuscript has already been published in an online issue, any requests approved by the Editor will

result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This means that if
an editor feels your manuscript is more suitable for an alternative journal, you might be asked to consider
transferring the manuscript to such a journal. The recommendation might be provided by a Journal Editor, a

dedicated Scientific Managing Editor, a tool assisted recommendation, or a combination. If you agree, your
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manuscript will be transferred, though you will have the opportunity to make changes to the manuscript before the
submission is complete. Please note that your manuscript will be independently reviewed by the new journal. More

information.

Copyright
Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing Agreement' (see more
information on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript

together with a ‘Journal Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation
within their institutions. Permission of the Publisher is required for resale or distribution outside the institution and
for all other derivative works, including compilations and translations. If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the source(s) in the

article. Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a 'License Agreement'
(more information). Permitted third party reuse of gold open access articles is determined by the author's choice of

user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of
the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the

funding source(s) had no such involvement, it is recommended to state this.

Open access

Please visit our Open Access page for more information.

Elsevier Researcher Academy
Researcher Academy is a free e-learning platform designed to support early and mid-career researchers throughout
their research journey. The "Learn" environment at Researcher Academy offers several interactive modules,

webinars, downloadable guides and resources to guide you through the process of writing for research and going
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through peer review. Feel free to use these free resources to improve your submission and navigate the publication

process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors
who feel their English language manuscript may require editing to eliminate possible grammatical or spelling errors
and to conform to correct scientific English may wish to use the English Language Editing service available from
Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article details and uploading
your files. The system converts your article files to a single PDF file used in the peer-review process. Editable files
(e.g., Word, LaTeX) are required to typeset your article for final publication. All correspondence, including

notification of the Editor's decision and requests for revision, is sent by e-mail.

Submit your article
Only papers that include the names, addresses and e-mail addresses of three potential referees will be considered for

publication. Please submit your article via Editorial Manager.

Suggesting reviewers

Please submit the names and institutional e-mail addresses of several potential reviewers.

You should not suggest reviewers who are colleagues, or who have co-authored or collaborated with you during the
last three years. Editors do not invite reviewers who have potential competing interests with the authors. Further, in
order to provide a broad and balanced assessment of the work, and ensure scientific rigor, please suggest diverse
candidate reviewers who are located in different countries/regions from the author group. Also consider other
diversity attributes e.g. gender, race and ethnicity, career stage, etc. Finally, you should not include existing members

of the journal's editorial team, of whom the journal are already aware.

Note: the editor decides whether or not to invite your suggested reviewers.

PREPARATION
Queries
For questions about the editorial process (including the status of manuscripts under review) or for technical support

on submissions, please visit our Support Center.
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NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and
uploading of your files. The system automatically converts your files to a single PDF file, which is used in the peer-
review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file to be used in
the refereeing process. This can be a PDF file or a Word document, in any format or layout that can be used by
referees to evaluate your manuscript. It should contain high enough quality figures for refereeing. If you prefer to do
so, you may still provide all or some of the source files at the initial submission. Please note that individual figure

files larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style or format as
long as the style is consistent. Where applicable, author(s) name(s), journal title/ book title, chapter title/article title,
year of publication, volume number/book chapter and the article number or pagination must be present. Use of DOI
is highly encouraged. The reference style used by the journal will be applied to the accepted article by Elsevier at the

proof stage. Note that missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements needed to convey
your manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, Results, Conclusions,
Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in your initial
submission for peer review purposes.

Divide the article into clearly defined sections.

Double spacing text:

Please ensure the text of your paper is double-spaced- this is an essential peer review requirement.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text in the
manuscript, rather than at the bottom or the top of the file. The corresponding caption should be placed directly

below the figure or table.

Peer review

This journal operates a double anonymized review process. All contributions will be initially assessed by the editor
for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two independent expert
reviewers to assess the scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. Editors are not involved in decisions about papers

which they have written themselves or have been written by family members or colleagues or which relate to
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products or services in which the editor has an interest. Any such submission is subject to all of the journal's usual
procedures, with peer review handled independently of the relevant editor and their research groups. More

information on types of peer review.

Double anonymized review

This journal uses double anonymized review, which means the identities of the authors are concealed from the
reviewers, and vice versa. More information is available on our website. To facilitate this, please include the
following separately:

Title page (with author details): This should include the title, authors' names, affiliations, acknowledgements and
any Declaration of Interest statement, and a complete address for the

corresponding author including an e-mail address.

Anonymized manuscript (no author details): The main body of the paper (including the references, figures, tables
and any acknowledgements) should not include any identifying information, such as the authors' names or

affiliations.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an editable file of the
entire article. Keep the layout of the text as simple as possible. Most formatting codes will be removed and replaced
on processing the article. The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and ‘grammar-check’

functions of your word processor.

LaTeX

You are recommended to use the latest Elsevier article class to prepare your manuscript and BibTeX to generate your
bibliography.

Our Guidelines has full details.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for
internal cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each

heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a

summary of the results.
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Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are already
published should be summarized, and indicated by a reference. If quoting directly from a previously published
method, use quotation marks and also cite the source. Any modifications to existing methods should also be

described.

Experimental

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are already
published should be summarized, and indicated by a reference. If quoting directly from a previously published
method, use quotation marks and also cite the source. Any modifications to existing methods should also be

described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction and
lay the foundation for further work. In contrast, a Calculation section represents a practical development from a

theoretical basis.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion

section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a

subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices
should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on.
Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and
formulae where possible.

« Author names and affiliations. Please clearly indicate the given name(s) and family name(s)

of each author and check that all names are accurately spelled. You can add your name between
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parentheses in your own script behind the English transliteration. Present the authors' affiliation

addresses (where the actual work was done) below the names. Indicate all affiliations with a lowercase superscript
letter immediately after the author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. This responsibility includes answering any future queries about Methodology and
Materials. Ensure that the e-mail address is given and that contact details are kept up to date by the corresponding
author.

 Present/permanent address. If an author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or 'Permanent address’) may be indicated as a footnote to that author's name.
The address at which the author actually did the work must be retained as the main, affiliation address. Superscript

Arabic numerals are used for such footnotes.

Highlights
Highlights are mandatory for this journal as they help increase the discoverability of your article via search engines.
They consist of a short collection of bullet points that capture the novel results of your research as well as new

methods that were used during the study (if any). Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights' in

the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented separately from the article, so it must be able to stand
alone. For this reason, References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-
standard or uncommon abbreviations should be avoided, but if essential they must be defined at their first mention in

the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article. The
graphical abstract should summarize the contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership. Graphical abstracts should be submitted as a separate file in the online submission
system. Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more.
The image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types:
TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our information site. Authors
can make use of Elsevier's Illustration Services to ensure the best presentation of their images and in accordance with

all technical requirements.
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Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding general
and plural terms and multiple concepts (avoid, for example, ‘and’, 'of). Be sparing with abbreviations: only

abbreviations firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first

mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore,
include them on the title page, as a footnote to the title or otherwise. List here those individuals who provided help

during the research (e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &
Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant number

aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is
from a block grant or other resources available to a university, college, or other research institution, submit the name

of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit

sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with normal text
where possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle,
variables are to be presented in italics. Powers of e are often more conveniently denoted by exp. Number

consecutively any equations that have to be displayed separately from the text (if referred to explicitly in the text).
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Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors build
footnotes into the text, and this feature may be used. Should this not be the case, indicate the position of footnotes in

the text and present the footnotes themselves separately at the end of the article.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

« Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and tables within a single file at the
revision stage.

« Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert the images
to one of the following formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.
Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.

* Supply files that are too low in resolution.

« Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files)
and with the correct resolution. If, together with your accepted article, you submit usable color figures then Elsevier
will ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed version. For color reproduction
in print, you will receive information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of electronic

artwork.
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Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and

abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the
article, or on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the text
and place any table notes below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical rules and shading in table

cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these references are included in the reference
list they should follow the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies that

the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited. In
order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and PubMed, please
ensure that data provided in the references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references, please be careful as they may

already contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example of a
citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke
M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical
Research, https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the same style

as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any further

information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given. Web
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references can be listed separately (e.g., after the reference list) under a different heading if desired, or can be

included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text and
including a data reference in your Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The [dataset] identifier will not

appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal publication should
be used as the reference. If there are preprints that are central to your work or that cover crucial developments in the
topic, but are not yet formally published, these may be referenced. Preprints should be clearly marked as such, for
example by including the word preprint, or the name of the preprint server, as part of the reference. The preprint DOI

should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to other

articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference management
software products. These include all products that support Citation Style Language styles, such as Mendeley. Using
citation plug-ins from these products, authors only need to select the appropriate journal template when preparing
their article, after which citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample references and citations as shown in
this Guide. If you use reference management software, please ensure that you remove all field codes before
submitting the electronic manuscript. More information on how to remove field codes from different reference

management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any

style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/ book title, chapter
title/article title, year of publication, volume number/book chapter and the article number or pagination must be
present. Use of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted
article by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to
correct. If you do wish to format the references yourself they should be arranged according to the following

examples:
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Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of

publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of publication.

Citations may be made directly (or parenthetically). Groups of references can be listed either first

alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as demonstrated (Jones,
1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...’

List: References should be arranged first alphabetically and then further sorted chronologically if

necessary. More than one reference from the same author(s) in the same year must be identified by the letters 'a’, 'b’,
'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci. Commun. 163,
51-59. https://doi.org/10.1016/j.Sc.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S., Smith , R.Z.
(Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease and
surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/xwj98nb39r.1.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E., Lipnikov,
K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 2020. Advanced Terrestrial
Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/zenodo.3727209.

Journal abbreviations source
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Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific

research. Authors who have video or animation files that they wish to submit with their article are

strongly encouraged to include links to these within the body of the article. This can be done in the same way as a
figure or table by referring to the video or animation content and noting in the body text where it should be placed.
All submitted files should be properly labeled so that they directly relate to the video file's content. In order to ensure
that your video or animation material is directly usable, please provide the file in one of our recommended file
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products, including ScienceDirect. Please
supply 'stills' with your files: you can choose any frame from the video or animation or make a separate image. These
will be used instead of standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded in the print version of
the journal, please provide text for both the electronic and the print version for the portions of the article that refer to

this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage more closely with
your research. Follow the instructions here to find out about available data visualization options and how to include
them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your

article to enhance it. Submitted supplementary items are published exactly as they are received (Excel or PowerPoint
files will appear as such online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file.

Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option in Microsoft
Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where appropriate, and
enables you to interlink the data with your published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data reuse, this journal also
encourages you to share your software, code, models, algorithms, protocols, methods and other useful materials

related to the project.

Below are a number of ways in which you can associate data with your article or make a statement about the

availability of your data when submitting your manuscript. If you are sharing data in one of these ways, you are
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encouraged to cite the data in your manuscript and reference list. Please refer to the "References" section for more
information about data citation. For more information on depositing, sharing and using research data and other

relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to the dataset.
Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant repositories, giving

readers access to underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link your dataset to
your article by providing the relevant information in the submission system. For more information, visit the database

linking page.

For supported data repositories a repository banner will automatically appear next to your published article on

ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your manuscript, using the
following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a
requirement of your funding body or institution. If your data is unavailable to access or unsuitable to post, you will
have the opportunity to indicate why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect. For more information, visit the

Data Statement page.

AFTER ACCEPTANCE

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof corrections
within two days. Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor. Web-based proofing provides a
faster and less error-prone process by allowing you to directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for proofing
will be given in the e-mail we send to authors, including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this proof only for
checking the typesetting, editing, completeness and correctness of the text, tables and figures. Significant changes to

the article as accepted for publication will only be considered at this stage with permission from the Editor. It is
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important to ensure that all corrections are sent back to us in one communication. Please check carefully before
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Dear Mr Gala,
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