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Report on the Immediate Causes of the

Responsibilities

Independent Expert Engineering Investigation and Review Panel

Report on Mount Polley Tailings

Storage Facility Breach o De S ig n Sta n d a rd S

Panel:
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Steven 6. ick
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January 30,2015

to the Management

MINE TAILINGS STORAGE: b ]
SAFETY IS NO ACCIDENT Secod Eion 1 e Risk Mana geme nt

 Dam Safety Reviews
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Roles and Responsibilities
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> frrsexpee;i!‘ed that MAC, 2011:

the executive officer will
deflegate responsibility
for tatlings management,
budgetary issues and
other tarlings-reflated
functions to operations
and other senior corporate
personnel while retaining
overall accountability

for tatlings management
performance.
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Engineer of Record (EOR)
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Guidance Document
Health, Safety and

Health, Safety and Reclamation Code for Mines in RECla mation COde
for Mines in

British Columbia

Version 1.0

pdated uly 2016 British Columbia

* “Is a qualified and competent engineer with
experience commensurate with the
consequence classification and complexity ”

» “Holds the professional responsibility for the

facility design and is responsible for The 2017 HSRC update integrates the
evaluating the adequacy of the as-built EoR into the design, inspection and
facility relative to the design as well as review of a tailings facility.
applicable standards, criteria, and
guidelines”
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Independent Tailings Review Board (ITRB)

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Guidance Document

Health, Safety and
Health, Safety and Reclamation Code for Mines in Reclamation Code

British Columbia fOI' Mines il‘l

Version 1.0

British Columbia

Updated July 2016

« “Made up of independent subject matters
experts not currently involved in or
responsible for the design, operation or
construction of the facility”

The composition of an Independent

* "Provides non-binding advice and Tailings Review Board... shall be
guidance, but does not direct the work or commensurate with the complexity
perform the role of the Engineer of of the tailings storage facility”
Record”
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Design Standards — Factor of Safety Criteria Comparison

Brazil :
. Canada Australia
Condition (ABNT)
2006 (CDA) (ANCOLD)
Potential Loss of
Short Containment 1.3 1.5
Term No Potential Loss of > 13
(EOC) Containment 1.3
Long Term (Steady State) 1.5 1.5 1.5
Rapid Drawdown 1.1 1.2-1.3
Critical Phreatic Level 1.3
| Pseudo-Static ? 1.0
Seismic
Post Earthquake ? 1.2 1.0-1.2
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Samarco Stability Design Criteria

Brazil
Condition (ABNT) Comment
2006
Short Potential Loss of Containment
Term 1.3
No Potential Loss of Containment
(EOC) Existing Brazil
Long Term (Steady State) 1.5 regulatory
Rapid Drawdown 1.1 SIS
Critical Phreatic Level 1.3
Pseudo-Static 1.0
. Adopt CDA
Seismic idel
Post Earthquake/Post liguefaction* 1_2* e
* - :
Include static liquefaction
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Best Technologies and Practices
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* Best Applicable Technology Economically
Achievable — BATEA - combination of

technologies and techniques that most EXAMPLES:

effectively reduce the economic, physical,

geochemical, ecological and social risks > Tailings Dewatering

associated with tailings during all stages of Technologies

operation and closure. » Cone Penetration Testing
 Best Available/Applicable Practice — BAP - for Site Investigation

management systems and operational » Real-Time and Remote

procedures to ensure that tailings storage Monitoring

facilities are designed, constructed, operated,
maintained, monitored and closed to support
sustainable mining practices.
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Tailings Dewatering Technologies
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Filtered Tailings
(sand stream)

Solids Content by Weight (%) ===

Source: Study of Tailings

Management
Technologies

MEND Report 2.50.1
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BATEA - Tailings Technology Alternatives Evaluation

R e R R R R R R R R R R R AR RN
ARCRCRCRRRCRCRCRCRCR AR R AR R RRCRCRCRCRCRCRCRCRCR AR RCRCRCR R R R AR AR RCRCRCRCRCRCRCRCR AR RCRCRCRCRCRCRCRCR AR RCRCRCRRCRCRCRCRCRR R CRCRCRCRCRCRCRCRCRCR R R RCRCRCRCRCRCRCR AR AR RCRCRCRCRCRCRCRCRCRR R RCRCRCRCRCRCRCRCRCRCRCR AR RCRCRCRCR R AR AR AR RCRCRCRCRCRCRCRCR AR AR CRCRCRCRCR AR AR AR R R RCRCRCR R R R AR
NS S S S S Sttt GGG S S S DD ' D N AR R R AR
NS SSRGS S SR SRR SRR G

AREA:

Tailings
Disposal
Method 2

Caonventional
Un-thickened
{32% s=olids)
Un-buttreszed
Facility
Conventional
Un-thickened
{32% s=olids)
Butiressed
Facility 7

Thickened
{60% solids)
Butiressed
Facility

Paste
(75% solids)
Buttrezsed
Facility

Dry Stack
{B5% solids)

1. Qualitative ranking in order of preferred option is: 1 Most Favorable -> T More Favorable -» 20 Less Favorable -> I | east Favorable

Trade off study to determine BATEA for a site
in British Columbia, Canada
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Operational Filtered Tailings Stack
Eldorado Gold Efemcukuru Mine, Turkey
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> 4

Controlled Material Placement

Transportation Spreading Compaction
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Brasil Filtered Tailings Pilot Plant and Test Plots
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Filtered
Sand
Tailings
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Samarco Germano Pit Filtered Tailings Design
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BAP - Site Investigation
Cone Penetration Test (CPT)
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ADVANTAGES:
 Fast and continuous profiling

* Repeatable and reliable data

« Economical and productive

 Strong theoretical basis for interpretation
 Additional sensors

LIMITATIONS:

 High capital investment

 Skilled operators

* No soil sample

* Penetration restricted in gravels/cemented layers
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DIRECT-PUSH

CONVENTIONAL DRILLING TECHNOLOGY
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BAP — Monitoring
Automated Instrumentation Systems

Sensors
(Vibrating Wire Piezometer, Shape Accelerometer Array (SAA), In-Place
Inclinometer (IPI), Transducer, Tiltmeter, Strain Gauge, GPS, Radar, inSAR)

Datalogging and Telemetry
(Storage and transmission of data via networked radios, cellular or satellite
communication)

Acquisition and Analysis
(Web/Server based monitoring software, near real-time readings, alarm criteria
and alert systems, Factor of Safety (FOS) analysis)

Design and Operational Decisions
(Performance based decisions, construction sequencing)
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BAP - Samarco Monitoring System
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Samarco monitoring
control room

Ground-based
monitoring radar
station
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BAP- Interferometric Synthetic Aperture Radar
(InSAR)
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1" pass:
Measures reference phase (¢, )
for each pixel for ime ( 7, )

2™ pass:

Measures phase (®, ) or
each pixel time (7, )

Interferogram shows the

phase difference (@, - @, ) ’

for each pixel during Pixel moves half
wavelerl?!hs between

time interval (£,- /5) _gm= = y s - and 2™
A i 5 : - salelme pass
, - 2 - B N F - ~ ~

One radar wavelength represented
by phase (@) in radians
0

Bt -

13-7402-1
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Interferometric Synthetic Aperture Radar (InSAR)
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BAP — Mobile Data Collection
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GEO INSPECTOR

Geo Inspector is a mobile solution with an administrative interface that allows real-time
and safe management of monitoring and inspection activities.

Allows i!legrated

management of activities,

shifts and scales of
technicians; anomalies; assets;
and the generation of
managerial and statistical
reports aimed at making
decisions in the shortest
possible time.

Activity progress

INPROGRESS  DELAYED  NOT ASSIGNED

T Reading Group Test ey

Administrative = Mobile application

interface

20




BAP - Monitoring Data Trigger Levels
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Lateral Displacement Profile - 24IN205
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865 Dam Shell Samarco/Norwest using

860

= i  Residusl S0l stress-strain modeling and

a5 stability analysis to define
840 | —e— Residual Soil Young's Modulus E = 50MPa,

g3 || Friction angle-25 degrees trigger level conditions for key

830 |§ == Residual Soil Young's Modulus E = 50MPa, .
825 Friction angle=20 degrees fal I u re m Od eS

%Y HNN NN RN R RN
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Elevation (m)

Cumulative X Displacement {m)
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Evaluation
Life Safety. Economic,
Environmental & Operational

Public Involvement

Risk Management
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Federal Guidelines for Dim

Safety Risk Management

FEMA P-1025/ January 2015
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Risk Analysis Techniques
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LEGEND ‘Q

107 | © Category | projects 0 S €
Category 1l projects
Category III projects
Category IV projects

I Some examples:
10-5._

© 0o b

A e Failure Modes and Effects
& Analysis (FMEA)

10-5-| Data from real-world projects

104~ * Bow Tie Analysis

102 * Event Trees

10°2- * Fault Trees

1) s * Reliability Analysis

ANNUAL ProBABILITY OF FAILURE

g L * Consequential Risk Analysis

’l - i - - ! - L

0.5 1.0 1.5 2.0 * Subjective methods

FACTOR OF SAFETY * Vulnerability Index

Probability and Risk of Slope Failure

Francisco Silva, M.ASCE": T. William Lambe, Hon.M.ASCE® and W. Allen Marr, FASCE®
16082 / JOURNAL OF GEOTECHNICAL AND GEDENVIRONMENTAL ENGINEERING © ASCE / DECEMBER 2008
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Potential Failure Modes Analysis

Attt U0 GG cccccsSSsSsSSssssGsuGudddulcscccddLLLLLsccTTTTLT LUttt
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. . . Warning Time
Failure Category Botential Fa'ill{re bl Ceptcllive Positive Factors Adverse Factor (hours, days, Barriers/Controls Hazard Category Recommendations and Comments
Description Areas
weeks)
Large storm exasperated by a * Freeboard exceeds the incident PMP by a factor of 5. * Closed water management system. * Containment structure with generous * There are no recommendations or comments at
pumping failure leading to a freeboard. this time.
rising pond level and a * Recycle water barges are in place.
subsequent breach of the dyke. * Ultimate containment for all site water. * Specific procedures are in place to
All areas. * Very slow increase with sufficient time to implement Weeks manage a rising pond condition (OMS). v
Unplanned operational rise in the mitigations.
pond water leading to a rising
pond level and a subsequent * Control of the fresh water intake.
breach of the dyke.
*TT containment is hundreds of meters away from the *TT dykes will be higher than the surrounding perimeter + Continuous monitoring. « Per the CP16 plan CST beach is built in advance of
perimeter dyke. structure for a period of time. the TSRU deposit, and therefore, this scenario is
unlikely given the current plan.
. N * The EETA is planned as a "dry" facility. * Characteristics are not well known.
i Failure of the TT containment luate critical failure mechanisms.
Dyke Failsby | gykes leading to a wave or flow X T . . . + Evalua :
Overtopping event which subsequently EETA * Deposit characteristics limit the mobility.  Tailings plans are subject to change. Hours v
(Reser:;;r Goes overtops the perimeter dyke. * Beaching from the perimeter dykes means that any TT

released from the TT containment dykes will have to
overcome a positive beach slope for some distance, as well as
the perimeter dyke freeboard.

* BBW has slumped without consequence. * Steep (30 degrees)TSRU BBW slopes. * Continuous monitoring. * Operational risks (non-breach) for TSRU BBW
need to be assessed.

* TSRU is strong (30 degrees) and compressible. * Removal of FFT supporting the TSRU BBW from the pond for
. . useinTT. * Although this failure mode could develop
Failure of the BBW leading to a N o A
N * Freeboard of 3m. quickly, the potential risk for an overtopping event
wave or flow event which . . .
WETA Hours v is considered negligible.

subsequently overtops the

perimeter dyke * TSRU feed goes in-pit when storage space is available.

* Current beach above water widths are greater than the
50 m of beach above water is added to the
structural zone by Operations as a form of contingency.
* CPT programs demonstrate BAW is dilative for the rate of * Liquefaction occurs very rapidly and cannot be managed * Beach surveillance program is in place « Liquefaction potential of the BAW relies on the

»  ldentify “credible” failure modes

»  Provide complete descriptions of each failure mode including the initiating event and
sequence of steps leading to an uncontrolled release from the impoundment

»  Describe the magnitude of the breach
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Dam Safety Risk Controls

AR AR A R R A A A AR A A A A A A R R A A A R A A A A R A R R R A A A A A A A A R A A A A A A A A A A A A A A A R A R R A R A A AR A R A A R R A AR AR AR AR A A A A A R A AR ARARA R A AR AR AR RARRAARRN

ACRCRCRCRCRCRCRCR R R AR R CRCRCRCRCRCRCRCRCRCRCR AR AR R R R R RN

ARCRCRCRRRCRCRCRCRCR AR R AR R RRCRCRCRCRCRCRCRCRCR AR RCRCRCR R R R AR AR RCRCRCRCRCRCRCRCR AR RCRCRCRCRCRCRCRCR AR RCRCRCRRCRCRCRCRCRR R CRCRCRCRCRCRCRCRCRCR R R RCRCRCRCRCRCRCR AR AR RCRCRCRCRCRCRCRCRCRR R RCRCRCRCRCRCRCRCRCRCRCR AR RCRCRCRCR R AR AR AR RCRCRCRCRCRCRCRCR AR AR CRCRCRCRCR AR AR AR R R RCRCRCR R R R AR
AR AR CR AR AR RCRCRCRCRCR R AR R R RCRCRCRCRCRCRCRCR R RCRCRCRCR R R R AR RCRCRCRCRCRCRCR AR AR AR RCRCRCRCRCR AR AR RCRCRCRCR AR AR R AR AR [N AR AR A AR AR R AR AR R AR AR AR R \ N AR AR AR

NS S G L L L LN LN N NN LN NN NN N S G §

Guia paraa
Gestao de
Instalacdes de Rejeitos

2011

Um Guia de
Auditoria e Avaliacao da Gestao de

Instalacdes de Rejeitos

2011

Desenvolvendo um
Manual de Operacéo,
Manutencéo e Supervisao
para Instalagdes de Gestao de Rejeitos e Agua

2011

The Mining Association of Canada

A R R R R R e i R R R R R R R AR A R R AR A

* Dam Safety Management System (MAC
Guidelines in Portuguese)

e Operating Plans and Procedures

* Maintenance and Testing of Critical
Equipment

e Surveillance Plans

* Performance Evaluation/Observational
Method

» Mitigation/Repair

* Emergency Management
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Dam Safety Reviews
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e
CDAWACB
! wy “A dam safety review is part of the
Technical Bulletin: dam safety management system that
Dam Safety Reviews has the overall goal to protect

people, property and the environment
from harmful effects of misoperation
or failure of dams and reservoirs.”

Companion CDA references:

» CDA (2007, 2013); Dam Safety
Guidelines

» CDA (2014) Technical Bulletin —
Guidelines to Mining Dams
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Types of Dam Safety Reviews
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O Audit type

LEGISLATED DAM SAFETY REVIEWS IN BC ]
AFEGEE PROFESSTONAL PRACTICE GUIDELIMES D Com prehenS|Ve

W3

U Detailed Design-based Multi-
disciplinary

0 Comprehensive and Detailed
Design and Performance Review
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Tailings Structures Reviews/Audits at Samarco

MO U UGS
ORCR AR A AR R CRCRCRCRCRCRCRCRCR R R RCRCRCRCRCRCRCRCRCR R R R R AR AR A AR CRCRCRCRCRCRCRCR R R R AR R AR CRCRCRCRCR R R R AR AR
ARCRCRCRRRCRCRCRCRCR AR R AR R RRCRCRCRCRCRCRCRCRCR AR RCRCRCR R R R AR AR RCRCRCRCRCRCRCRCR AR RCRCRCRCRCRCRCRCR AR RCRCRCRRCRCRCRCRCRR R CRCRCRCRCRCRCRCRCRCR R R RCRCRCRCRCRCRCR AR AR RCRCRCRCRCRCRCRCRCRR R RCRCRCRCRCRCRCRCRCRCRCR AR RCRCRCRCR R AR AR AR RCRCRCRCRCRCRCRCR AR AR CRCRCRCRCR AR AR AR R R RCRCRCR R R R AR
NSO S S S S SOttt GGGt S S S S s
R R R R o i i i i A A R R R A A A A AR A R AR R R A A A Y

LR R R R R R R R T i i i i i R R R R A A A A A A A R R R A A R A A A Y

Suite 1830, 1066 W. Hastings Street
NORWEST Vancouver, BC VEE 362
COR ) AT Tel: (604) 602-8992

) A < A ON

WW W _NOrwestcorp com

OQM |az:
September 9, 2016
Project #:919-2

SAMARCO MINERAGAO S. A.
Mariana, Brazil

Attn: Reuber Luiz Neves Koury
Jose Bernardo V Rodrigues De Oliveria

Dear Reuber and Jose

Subject: Germano Main Dam Stability Review

Figure 3. Eroded Toe at Germano Main Dam (March 15, 2016)

Norwest and other international
consultants have recently performed
extensive stability reviews and audits for
tailings structures at Samarco
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Key Messages — Governance
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v' Well-defined roles, responsibilities and accountabilities
for key positions (ex. Engineer of Record)

Independent peer review with international
consultants

v" Formal independent review requirements with

Independent Tailings Review Boards (ITRB) reporting to
senior management

NORW EST

CORPORAT.I
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Key Messages — Best Practices
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BAT (Best Available Technology)

v" Rapid development of tailings dewatering processes. Samarco
plans to adopt thickened tailings and filtered tailings
technologies

BAP (Best Available Practices)

v' Performance management and the observational method

v' CPTU is the “standard” for evaluating tailings deposits

v" Remote monitoring technologies and systems

v

Mining Association of Canada (MAC) tailings guides
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Key Messages — Process
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v' Systems based approach ..... Mining Association of Canada (MAC)
Guidelines....Portuguese translation

v" Risk Management:

» Failure Modes ldentification and Risk Control are critical to the process. Need to
get it right... experience required

* Quantitative Risk Assessment is not exact.... serves to calibrate judgement

« Very High and Catastrophic failure modes dominated by the consequence of
failure - unless the mechanism can be virtually eliminated as non-credible

v" Monitoring methods with trigger level criteria tied to failure modes and
appropriate response
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Obrigado — Thank You
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NORW

CORPORAT

ST

Richard Dawson, PhD, PEng
Executive Vice President

Sean Ennis, P. Eng. P.E.
Vice President, Mining

NORWEST CORPORATION

Suite 1830, 1066 West Hastings Street
Vancouver, BC

Canada V6E 3X2

Telephone: 604-602-8992

Email: rdawson@norwestcorp.com
Www.norwestcorp.com

NORWEST CORPORATION
Suite 1830, 1066 W. Hastings St.
Vancouver, BC

Canada V6E 3X2

Telephone: 604.602.8992

Email: sennis@norwestcorp.com
Www.norwestcorp.com

EXPLORE the Depths of our Experience | www.norwestcorp.com

32


mailto:rdawson@norwestcorp.com
http://www.norwestcorp.com/
mailto:sennis@norwestcorp.com
http://www.norwestcorp.com/

b
- NETE | y - .
R r._..-' 75 .\.\.\Q. t

¥
L -
4
- ~
L
¢

R 2 ‘m) l“& - SR
AS BUILT DAS ESTRUTURAS E

FATOR DE SEGURANCA
POS-LIQUEFACAO

y ‘; N ~ N . -
} . ~ \ ) . < .
- . -’ R . : . -
e M4 ) e =l . s ..
N .y \ 5 . - . . - Ay .. i
e 5 - - e A ~a VLol N : . o .
> . X {23 ‘ i 'y P » . oA N 3 g ~L
b . N B | i . g ,..:&_ W \ oo ~
15 . | W N " E A Wy . . ’
P . ’ : >
» e
’ v

oot N & Paulo Cell
R S PSR 0E LSS Diretor
CLeatasel s NS BVP Engenharia

‘.{’:"-?: )

B

¢ =N - T »
e e o BASAASS



ESTRUTURAS
REMANESCENTES E DIQUES
DE CONTENCAO DE
SEDIMENTOS
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ESTRATEGIA DE PRIORIZACAO
DOS SERVICOS

CONTENCAO DOS SEDIMENTOS:

SEGURANCA DAS ESTRUTURAS Nova Santarém
REMANESCENTES: Diques de contencgao: S3 e $4
Sela, Tulipa e Selinha, Barragem do Germano

e Santarém

» NOVA SANTAREM

» DIQUES3
DIQUE S4

GERMANO

: SAMARCO =3
GERMANO -

BVP ® &

ENGENHARI A



PROJETO

OPERACAO

GOVERNANCA DE PROJETOS

E OPERACOES

ESTRUTURA / ATIVIDADE

Refor¢o de Selinha, Sela e
Tulipa
Nova Santarém

Reforco Barragem Germano
Dique S3
Dique S4

Monitoramento dos
Instrumentos

Inspecao das Estruturas

Relatdrio Técnico

AECOM

PROJETISTA /
RESPONSAVEL

Bvp k&3

Norwestj+|

BvP B3
Walmbsd

Geotecnia
Samarco

DESIGN
REVIEW

Norwest J«j

SEA. (&
NHC =
NHC =

Norwest J«]

(Auditoria pa

ra o MPMGQG)

AUDITORIAS
O i+l
o Painel de
Auditoria Consultores
Externa Independentes
Independente | Internacionais

DAM O
DF Consult. i3
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BARRAGEM DO GERMANO




BARRAGEM DO GERMANO
NOVEMBRO 2015




BARRAGEM DO GERMANO
PROJETO DE RECUPERACAO DO PE DA BARRAGEM

O il

o1 a:ji-de Estabil zagdo
(em enrocamento)

\ Sl | P




BARRAGEM DO GERMANO
OBRAS DE REFORCO (JAN A JUN/2016)




BARRAGEM DO GERMANO
SITUACAO EM OUTUBRO 2017

Obra concluida em JUNHO DE 2016

ITEM UNIT QUANTIDADES 2 J R e N
ENROCAMENTO, M; e

TRANSICOES, AREIA

LIMPEZA
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DIQUE DA SELINHA




DIQUE DA SELINHA
NOVEMBRO 2015







DIQUE DA SELINHA
DESENVOLVIMENTO DO ACESSO
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DIQUE DA SELINHA
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DIQUE DA SELINHA
REFORCO EXECUTADO

¢ X
8

Item

ATERRO EM BLOCOS
COM FINOS

ATERRO COM
4 ENROCAMENTO

Quantidades

83,000

12,894

Obra concluida em 28 de Dezembro de 2015
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DIQUES DA SELA E DA TULIPA
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DIQUES DA SELA E TULIPA
INICIO DE 2016

Dique da ~ Ombreira Comum
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DIQUES DA SELA E TULIPA
OMBREIRA COMUM - INICIO DE 201¢€

Escorregamento
— T
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DIQUE DA SELA E TULIPA
SOLUCAO PROPOSTA - PLANTA

Berma de Equilibrio

(Rejeitos Arenosos)

FASE 2

Berma de Protecgao
(Enrocamento)

Confmamento dos
Rejeltos Remanescentes
(Blocos com Finos)

Tullpa

Reforco da Ombreira Comum (Blocos com Finos)




OMBREIRA COMUM
OBRAS - FASE 1 (ABR/SET 2016)

BvP @ X



DIQUE DA SELA

OBRAS - FASES 2 e 3 (SET/2016 a FEV/2017)




OMBREIRA COMUM
REFORCO EXECUTADO

Obra concluidaem SETEMBRO DE 2016

Item Unit Quantidades

LIMPEZA DE FUNDAGAO 57,595

ATERRO EM BLOCOS

COM FINOS >0,100




DIQUES DA SELA E TULIPA
FASE 2 EXECUTADA

bi ~ S
Witd AREA DO

{7 7| PREENCHIMENTO DA
[ { | DEPRESSAO COM
§ /]| MATERIAL DRENANTE

Obra conclmda em NOVEMBRO DE 2016

e [ [ e

LIMPEZA m?3 71,391
ATERRO EM ENROCAMENTO m?3 63,165
ATERRO EM REJEITO ARENOSO m3 38,340

COMPACTADO




SELA E TULIPA
FASE 3 EXECUTADA

RS
A

.-‘
Obra concluida em FEVEREIRO DE 2017

: ““m
Yo
e -X
A

ATERRO EM BLOCOS
COM FINOS

ATERRO EM REJEITO

m3 115,400

m3 124,184

COMPACTADO



DIQUE DA TULIPA

ADEQUACAO DO SISTEMA EXTRAVASOR

SRR 7 RECUPERAGAO DA CALHA DO
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DIQUE DA TULIPA
NOVO EXTRAVASOR EXECUTADO




DIQUE DA TULIPA
VISTA DO NOVO SISTEMA EXTRAVASOR
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BARRAGEM NOVA SANTAREM




BARRAGEM SANTAREM
SITUACAO EM NOVEMBRO 2015




BARRAGEM SANTAREM
' O IMPLANTADO

Obra concluida em Fevereiro de 201

Quantidades

ATERRO EM BLOCOS COM FINOS
E TRANSICOES
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BARRAGEM NOVA SANTARE

PROJETO
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BARRAGEM NOVA SANTAR
OBRAS (CONCLUSAO EM JUL/2017




NOVA SAN
OUTUBRO 2017




NOVA SANTAREM
OUTUBRO 2017

.\
ALTURA: 48m
COMPRIMENTO DE CRISTA: ST0MN
VOLUME DE ATERRO: 732.0005SS

VOLUME DE CONGRE o,:,'__-,l-\-l‘ -
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DIQUES S3 e $4




DIQUES S3 e S4
LOCALIZACAO

. CORR. SANTAREM




DIQUE S3

Altura Total 14,5m
Elevacao da Crista 709,50m
Volume do Macico +70.000m3
Elevacao da Soleira do Vertedouro 706,00m
Altura do Vertedouro 3,5m
Largura do Vertedouro (PMP) 50,0m
Volume do Reservatorio 2,95Mm?3
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DIQUE S3
OBRAS (DEZ/2016 A MAR/2017)

Ombreira Direita




DIQUE S3
OUTUBRO 2017

Alteamento final concluido em Novembro de 2016
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DIQUE S4
LOCALIZACAO




DIQUE $4
PROJETO

GEOMETRIA

Altura Total 10,5m
Elevagdo da Crista 699,50m
| Volume do Macico + 45.000m?
L Elevagdo da Soleira do Vertedouro 697,50m
Altura do Vertedouro 2,00m
Largura do Vertedouro (PMP) 65,0m
Volume do Reservatério 1,05Mm3

Secéo pelo Eixo

ENGENHARIA



DIQUE S4
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DIQUE S4

0 em Janeiro de 2017

Quantidades
I I

LIMPEZA DE FUNDACAO m?3 75,545
BLOCOS DE
ENROCAMENTO E BLOCOS m?3 52,535

COM FINOS




DIQUE 5S4
OUTUBRO 2017




DIQUE 5S4
OUTUBRO 2017




DIQUE S4
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VERIFICACOES DE
ESTABILIDADE




CRITERIOS DE PROJETO

FATORES DE SEGURANCA ADMISSIVEIS

Analise

Final de
Construcao

Longo Prazo

Rebaixamento
Rapido

Nivel freatico
critico

Sismica

Condicao

Antes do enchimento
do reservatorio

Condicdao permanente
de fluxo

Carregamento e
descarregamento
rapidos

Considera PMP

Pseudo-estatica

Pds Terremoto/Pds
liguefacao

Brasil
(ABNT

)
2006

1,3

1,5

1,1

1,3

Brasil
(ABNT

)
2017

1,3

1,5

1,1

1,3

1,1

1,3

1,5

1,2-1,3

1,0

1,2

Australi
a
(Ancold)

1,3

1,5

1,0-1,2




CRITERIOS ADOTADOS PELA SAMARCO
FATORES DE SEGURANCA ADMISSIVEIS

Condicao

Brasil
(ABNT)

2006

Brasil
(ABNT)
2017

Canada Austradlia
(CDA) (Ancold)

Final de
Construcao

Longo Prazo

Rebaixamento
Rapido

Nivel fredtico
critico

Sismica

Antes do enchimento do
reservatorio

Condicdo permanente
de fluxo

Carregamento e
descarregamento
rapidos

Considera PMP

Pseudo-estatica

Pds Terremoto/Pds
liquefagao

1,3

1,5

1,1

1,3

1,3

1,5

1,1

1,3 1,3

1,5 1,5
1,2-1,3 -

1,0

1,2 1,0-1,2




AVALIACAO DA ESTABILIDADE
FRENTE A LIQUEFACAO

Etapas de Avaliagao:
1. Analise da susceptibilidade ou potencial do solo a falha por liquefagdao — Determinacao das

zonas com potencial de liquefacao mediante a caracterizacao do comportamento dos
materiais sob cisalhamento (contratil ou dilatante), através da execucdo de CPTUs e/ou SPTs.

2. Analise do gatilho da liquefagdao — Avaliar a possibilidade das tensdes cisalhantes atuantes
excederem ou nao a resisténcia ao cisalhamento de pico dos solos suscetiveis a liquefacao
(durante um abalo sismico, carregamento, subida do nivel de agua).

3. Analise de estabilidade liquefeita ou pds gatilho — Anadlise de estabilidade por equilibrio de
limite convencional considerando a resisténcia liquefeita do material contratil.

Como critério de projeto a Samarco definiu avaliar sempre as etapas 1 e 3.

BVP@® 1
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SUSCEPTIBILIDADE -
ROBERTSON

Mod. Norm. SBTn

A suscetibilidade a liquefacao é avaliada com base no tipo de
comportamento e sistema de classificacao atualizados
de Robertson 2016 (SBTn).
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DEFINICAO DAS ZONA

SUSCEPTIVEIS

Experiéncia Samarco:

e CPTUs de quase 100 metros de profundidade;

e Zona contratil acima do nivel de agua;

 Comportamento contratil em regides de altos niveis de tensao (ou grandes profundidades)




DEFINICAO DAS ZONA
SUSCEPTIVEIS

Cone resistance qt Friction ratio Pore pressure u
— ™ -P '
| Gand k= - Dilative
J| ] | !
- -
~ . 'F ' o Trangilional - Dils five
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i Transilional - Dila e
i 7 i Transional - Contracive
! - Iransibonal - Diaive
B w r
o k. 4 Transiional - Cantracive
e - 7 H o o~
Sand-lke - Contradive
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Transilional - Conlraclve
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A H J Send-like - Conliadive
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Tip resistance (MPa) Rf (%) Pressure (kPa) Mod. SBTh (Robertson 2016)
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DEFINICAO DAS ZONA
SUSCEPTIVEIS

Para definicdao da resisténcia liquefeita dos materiais sao utilizadas as metodologias de

Olson (2002) e Robertson (2010).

A Samarco realiza andlises de sensibilidade
utilizando os percentis de 10%, 33% e 50%.

Histogram
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Sugigf o'y Distribution Curve

10° percentil
33° percentil
50° percentil

0 0.05 0.1 0.15

Liquefied Strength Ratio 5,5/,
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CONDICOES ANALISADAS

NiVEL DE AGUA

1. Combinacdo dos dados atuais do monitoramento e das investigacdes (SPT e CPTU);

2. PMP-Precipitacao maxima provavel;

3. Nivel freatico critico definido a partir do historico dos intrumentos e das camadas
susceptiveis a liquefacao acima do N.A. atual, PMP;

4. Colmatacao parcial do sistema de drenagem interno (avaliacdo da margem de seguranca e
para o descomissionamento das estruturas)

Slig>1,2

1 Nao susceptivel a liquefacao
Susceptivel a liguefacao

BVP@® 1
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CONCLUSOES _

Verificacao da Estabilidade a Liquefacao

Avaliacao da susceptibilidade a liquefagao (Robertson e Olson)
* Estratigrafia de acordo com resultados de CPT

* Nivel d’agua definido através de instrumentos e CPT

* Verificacao de eventual zona contratil acima do N.A.

* Analise de estabilidade com parametros de resisténcia liquefeita associados ao 10°
percentil (com andlise de sensibilidade para os percentis 33 e 50)

* Anadlises circulares e planares, rasas e profundas
* Atendimento aos critérios de projeto estabelecidos pela ABNT e CDA
* FS minimo > 1.2 (pds-liquefagdao ¢/ NA medido nos instrumentos e no CPT)

* FS minimo > 1.1 (considerando a zona contratil acima do NA e sismo)

BVP@® 1
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100.000 employees

7 continents
+ than 150 countries

No. 343

Fortune 500

Page 92

$19.5Di

US Dollar in 2015

#1

World's Largest
Engineering Company
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Industry Leading Tailings Expertise
More than 300 tailings projects completed worldwide

Representative Services

« Delivering engineering and
environmental solutions in designing, Design: Geotechnical, Civil,
monitoring and managing tailings Infrastructure
and waste products

 Construction

* No other high-risk geotechnical . Stewardship
structure offers more competing
objectives and challenges than mine
tailings embankments

Water Management
« Training
« Emergency Preparedness

* Risk Management

AZCOM



Sample Project Experience

Tailings Stewardship Program and Training
Client: Confidential Client, the Americas

Developed snd implemented 3 tailings stewardship program for 3 large copper
and molybdanum company t successfully identified potentisl risks and
reduced oversll O&M costs. The program also0 included the implementation

of training for operators and enginesrs for the TSFs, and introduced design,
construction. and management componants of TSPz, The client saw s
reduction in isbities and 3 standardized sporosch to the operstion of taiiings
faciities across 3l operations. The program continues to grow and expsnd, and
minimize the long-term risks 33socisted with the talings storsge.

Andina Tailings Stability and Mon-Conventional Tailings
Disposal Options
Client: CODELCO Chile, Saladillo Chile

Comgleted anengnesnng svslustion of talings discharge and management
operstions and TSF stabiity. and 3 prefeasiolty evalustion of shtemsatives for
non-conventions! taillings disposal at the Anding Mine inthe Andes Mountains
to determing if non-conventions! t3lings disposal methods may be feasinle
Reviewed worldwide, non-conventions! tailings technologies and their
environmentsl impscts inchuding filtered, thickened tailings and dry tailings:
contacted mines and supplers toidentfy those with relevant experience and
identified squipment currently wsed

Tailings and Water Stewardship Program
Client: Coeur Mining, Bolivia, Mexico, and AK

Developed 3 stewardship program with management st Cosur Mining in 2012
The program was implementad 3t the oparating faciities with TSF and water
dams in Bofivia, Mexico, and Alaska. The program consisted of develoging

3 baselineg of guideines formanaging the tallings. The guidelines stipulsted
specfic operations] requirements. documentstion, training andupdatss. A
team from Coewr and AECOM conducted site visits tothe faciites and metwith
staff to wnderstand ongoing risks and operationsl manapement, procedures.
and riskchalenges.

Tailings Dam Operation, Maintenance, and Monitoring
Client: Confidential Client, AZ, CO, and NM

Provide ongoing senvices for monitoring the O&M of existing TSFs in Arizons,
Colorado, and Maw Mexico Includes monthly and quartery site visits to review
operations| procedures, train personngl inspect and resd instrumentstion. and
orovide recommendstions for angoing site sctivities.

Filtered Tailings Evaluations
Client: Confidential Client, AZ

Developed 3 conceotus! level design for s new fitered TSF ldry stack) ata
high production fgrester than 100,000 tons per day) copper ming in southemn
Arizona. This proposed fitered TSF would have 3 storage capscity of over s
billion tons of taiing. Work performed included tailing rheclogy and pilot-scale
thickener testing, & trade-off study 1o evaluate optimum thickener underfiow)
fiter feed soiids concantrations. development of 3 conceptus! infiltration
made! toestmate foundstion ssepsge. and the development of conceptus!
designs for the filtered TSF. These conceptusl designs included the TSF facility
lzyout. thickensr and filter plant layout and equipmant selection, conceptus!
conveyor infrastructurs, surface water contro's, and other sppurtenant
faciities. Designs wers used todevelop 3 Class 5 estimate of CAPEX
sustaining capital, and OPEX costs.

Tailings Basin Design and Construction
Client: Confidential Client, Minnesota

Providing design and construction senvices for 3 talings basinat the
taconits open ot ming and pellet operstion. The dam design consists of 2
phased construction procedure of upstream dike construction to an ultimate
slzvation capsble of storing 35 years of talings waste. AECOM evalusted the
siting, orobable taiings deposition, dike construction wolumes and probsble
construction costs, a5 well as geotechnical aspects of the ootions.

AZCOM



Sample Project Experience

Twelve Abandoned Bolivian Mine Facilities Environmental
Audit/Impact Assessment

Client: COMIBOL Corporacion Minera de Boliviaand World
Bank, Bolivia

Comgletion of Environmental Audits and Impsct Assessments for 12
abandoned surfaces and underground mine facilities considered for
privatization or reclamation/closure under Bolivis's mining-sector capitslization
and restructuring program. The facilities included open pits, open shafts and
oortals, taiings and wasts rock ples, and venting gases and minadrainage.
Activities included sits investigstions, mapping samaoling. reclamation. and
remedistion design

Confidential Mine Risk Assessment
Client: Confidential Client, MM

Provided geotechnical investigstion, evalustion, design, and construction
oversight senvices in support of developing 3 close-out plan for 3 mine in
New Mexico. AECOM evalusted mine rock pile stability, erosion and runcff
condtions and designed and constructed seversl earthen structures =g,
wiater control dams, cutoff wals, pioing. and earthen covers) Pedormed 2
subsidence risk assessment to evaluats risk associsted with underground
mining. The assessment included comprehensive review of 30l identfied risks
zssocisted with this project. including groundwater, surface water landside
ootentials, and impact to lves and environmant.

Emergency ActionPlan
Client: Confidential Client, Operating properties in
AZ MM, andCO

Developed more than 30 EAP: for both talings and water dams inthe
Southwest. This included performing hydrology, estimating dam bresch
conditioning, and modeling flood inundstion. EAPs included procedures for
notification chart and emergency response, 35 well as flood inundstion maps.
Alzo involved inthe implementation of tsbletop activities, which present the
information associsted with the plans to stakeholders.

North Tailings Impoundment Studies and Engineering
Client: Rio Tinto Kennecott Copper, Utah

AECOM supported Rio Tinto Kennecott Copper in extending the North Tailings
Impoundment fife Conducted studies and detsiled enginesring in support of
the north impoundment completion embankment raise as well as modfications
to the single point whols tailings discharge and cyclone tailings delivery
systems. The projects included embankments and pipeling suppott berms,
sdditions talings defvery overand pipelines, drop bowes, upset condition
provisions, modifying the cyclone and choke stations, interconnecting pipe
systems, and embsnkment slevations modfications. Study and enginesring
activitizs for the taling system consisted of final feasibiity and detsied
enginganing for the process: hydrswic flow and transient anslyses of pipelines
and computstions! fluid dynamics modeling of pump feed sumps: mechanical,
piping, structursl, electricsl, and instrumentstion and controls system.

Study and enginesring activities for the elevation modifications consisted of
civil, geotechnical and structurs! conceptus! through detsiled enginesring.
Extended tailings impoundment capscity up to 3n sdditions] Byears.

TSF Conceptual-Design
Client: Camino Rojo Mine, Zacatecas, Mexico

Developed conceptusl-level designs fors TSF stthe proposed greenfield
Camino Rojo mine in northesstern Zacatecas, Mexico. Four methods of
construction were evalusted including 3 rockfill embankment, cyclone
underflow embankment, dry stack, anda taiings and waste rock co-disposasl
faciity. Developed s conceptusl-level faciity design and cost estimate for each
method The evalustions for esch method included 3 high-level siting study snd
design of major componants, such a3 the embsnkment, underdrain systems,
tailing delfivery and deposition system, reclaim water system, and power
distribution. The resuts of the conceptusl-level designs were used to svaluste
the most cost effective construction method.

AZCOM



Since April 2016 a team of international specialists with
significant experience in response to natural and mining
disasters from AECOM has conducted monthly
Independent Dam Safety and Stability Audit on behalf of
the Ministério Publico de Minas Gerias

— Christina Winckler, John Bove, Claudius Maranh&o and Diego
Gomez — geotechnical;

- Casey Robertson, John Sikora and Ned Andrews — hydrology,
hydraulics, sediment transport and river mechanics;

- Monica Menezes — geology;

- Vicente Mello — risk management and planning

- Tat Ebihara and Ray Rinkle — environment restoration;

- Richard Davidson, Ed Toms and Bill Bow — overall QA/QC,;

Page 96
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Field visit to inspect all structures;
Meetings with the designers responsible for the structures:

Meetings with the Samarco’s engineering, construction,
monitoring and operations teams;

Presentation to the Ministério Publico de Minas Gerais.

Germano dam,;

New Santarém dam,;

Sela, Tulipa and Selinha dikes;
S3 and S4 dikes;

Water management system.

Page 97
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AECOM has being on the Germano Complex site more

than 20 times;

We have received and reviewed around 5,000 documents;
Submitted 28 audits reports:

Germano Complex;

Eixo 1 dam;

Candonga;

Tailings Management Plan;
S4 dike.

Page 98
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Germano Complex — Tailings Dam Management System
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« Reinforce and recuperate remaining structures:
- Germano main dam;

- Sela, Tulipa and Selinha dikes;
- S3 dike.

 Build new structures:

- New Santarém dam;
- S4 dike.

« Separate water from tailings:
- Change the drainage to avoid water going into the Fundao Valley;

- Bay 3 water pumping system.

Page 100 A:COM
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New Santarem Dam




8,00

7,00

6,00

5,00

Volume (Mm?3)
=Y
k=)
o

3,00

2,00

1,00

0,00

Cota 766,00
Volume 6,937Mm3

Cota 760,00

Volume 2,549Mm3

Cota 756,00

Volume 0,666 Mm3

fev-17 mar-17 abr-17 mai-17 jun-17
I \/olume de Contingéncia até Soleira do vertedor de emergéncia

C—JVolume de Contingéncia até Soleira do vertedor 12 Comporta

Volume do Reservatdrio (Soleira do vertedor de emergéncia - Cota 766,00)

eeeeee \Volume do Reservatdrio (Soleira do vertedor 12 Comporta - Cota 756,00)

jul-17 ago-17 set-17 out-17
EEEE Volume de Contingéncia até Soleira do vertedor 22 Comporta
[ VOLUME DE SEDIMENTOS ACUMULADO

== +\/olume do Reservatdrio (Soleira do vertedor 22 Comporta - Cota 760,00)

Entre 20/09 e 31/10 assoreamento aproximado de 26.000 ms,

Volume total assoreado de 345.000 mef? )
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Crest of Dike S3




Water quality — crest of
Dike S3, November 19th
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Bathymetric Survey, S3

3,50
Cota 706,00
Volume 2,95Mm?3
3,00
2,50
’ ~ [Tp} — o 0 (9]
S = = Y . 2
- | ! a - -
€ 2,00
2
(]
£
=
>° 1,50
1,00
0,50
0,00 T T T T T T T T 1
fev-17 mar-17 abr-17 mai-17 jun-17 jul-17 ago-17 set-17 out-17
CVolume de Contingéncia até Soleira do vertedor 1 VOLUME DE SEDIMENTOS ACUMULADO
e \/olume do Reservatdrio (Soleira do vertedor - Cota 706,00)

Evolucao do assoreamento da ordem de 6.000 m3 entre setembro e outubro/17.
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Turbidez - Montante S3

==& Turbidez - Jusante S3

— — Padr3o de Agua Doce - Conama 357/2005

Monitoramento de Turbidez S3
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60,00
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40,00

20,00

0,00
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January 11" after
22 mm of rain

November 19t
after 39 mm of rain
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Volume (Mm?3)

1,20
Cota 697,40
Volume 1,003Mm?3
1,00
0,80
0,60
o o =) o o o
0,40
0,20
o0 . OB oEs | B S _doss g
fev-17 mar-17 abr-17 mai-17 jun-17 jul-17 ago-17 set-17 out-17
IVolume de Contingéncia até Soleira do vertedor N VOLUME DE SEDIMENTOS ACUMULADO

== \/olume do Reservatorio (Soleira do vertedor - Cota 697,40)
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Turbidez - Jusante S3

==é== Turbidez - Jusante S4

— — Padrao de Agua Doce - Conama 357/2005

Monitoramento de Turbidez S4

\!
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0,00
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Water Diversion and Management System
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« Factors of Safety:

- Since November 2016 the factors of safety for the structures have
been above 1.5 (for the long term drained loading condition):

=  Germano main dam;
» Sela, Tulipa and Selinha dikes;

=  Santarém dam.

« Sediment management:

— The bathymetric surveys on New Santarem, S3 and S4 minor
sediment transport

« Water quality:

— The turbidity measurements at S3 and S4 show good water quality
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Formal Scope from the MPMG
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Receer . Floz e

AMPMG e b AMPMG

Ministério Pablico ESteas b 3 el

do Estado do Minas Gerai M-3@332 4397 i bl
Autos n” 6132918-29, 2015 8.13.0024 ° . certificar se os macigos, estruturas extravasoras ¢ taludes
Autores: MINISTERIO PUBLICO Y ESTADO DE MINAS GERAIS ¢ do reservatorio satisfazem todos os requisitos de seguranga
ESTADO DE MINAS GERAIS ; atualmente aplicaveis. Deve-se avaliar, também, se as
Réus; SAMARCO MINERACAOD 8/A ¢ CONSORCIO CANDONGA premissas de projeto estdo sendo respeitadas, na medida

em que as condic;ﬁles atuais das barragens no nivel de
“como construida”, sio registradas.

o Conferéncia da documentagfio das estruturas, avaliando
se a documehtacdo existente atende ao previsto no Plane
de Seguranca de Bérragens (Lei 12.334/ 2010 e Portaria
DNPM No 416) .¢ nas Deliberagbes Normativas do
COPAM (DNs 62/2002 e 87/2005), além de ser suficiente
para orientar, em todos os.aspectos, os procedimentos

Y seguros de operagao.
O MINISTERIO PUBLICO DO ESTADO DE MINAS GERAIS ¢

ESTADO DE MINAS GERAIS vem, em cumprimento a clausula 6,
paragrafo segundo do termo de acordo judicial celebrado em 06/02/2016
apresentar 4 SAMARCO MINERACAQ S/A o escopo da auditoria téenica

independente para acompanhar e fiscalizar as medidas de reparo e reforgo das

¢ Verificagio da capacidade dos sistemas extravasores,
assegurando que as estruturas estdo aptas a ‘descarregar
seguramente as vazdes de projeto e de forma adequada,
incluindo as bordas livres previstas em projeto. Identificar

para quais tempos de recorréncia eles estdo

i ‘ lexo de Germano; ) g
estruturas de digues e barragens remanescentes do Complex dihaaeibhdidod:
e Andlise da establlldade € adequaqao estrutural: em

« Inspegio dos locals, avaliando cada dique ¢ barragem, sua relagdo aos aspectos que envolvem percolagdo de dgua

a i iti descarga, reservatdrio, Areas
furlavho clsriipitiios o8 *h ! pelo macigo, recalques, escorregamentos e erosdo de todas

i i ju instrumentagiio e as vias de 3 i
i e e R . as partes dos barramentos, incluindo-se suas fundagdes,

P bem-como, quaisquer- barreiras naturais sob condigdes de

1]
i 0§ reparos e : ; :
% Verifitagho dag projetns, 0 safixtriselo, s carregamentos, normais e extremos. Identificar os Fatores

reforgos, com suficiente detalhamemo, pana poder

% \=COM



AMPMG

Ministério Publico
do Estado de Minas Gerais

de Seguranga minimos das barragens, quanto 2
estabilidade geotécnica,

“Verificagio da susceptibilidade 3 liquefagfio, dos
materiais que compdem o macigo e a fundagiio. Em caso
de identificar a susceptibilidade & liquefagéio, realizar a
analise de estabilidade, definindo o Fator de Seguranga em
relagdo a este fendmeno e estabelecer as condigdes para
manutengdo da seguranca da barragem.

Avaliagiio das condighes nas quais as estruturas se
encontram, em todos 0s aspectos necessarios para a.
manutengdo da éeguranc;a, principalmente naqueles
previstos no Manual de Operagédo de cada barragem (por
exemplo: as cotas das superficies da lama e dos rejeitos
granulares - niveis dos reservatorios; o comprimento da
praia a montante do barramento e a borda livre
operacional).

Verificaciio do estado de comservagio das instala¢des
necessarias a segl;ranq.a da barragem, inclusive sua
instrumentagdo, de acordo com o0s réquisitos de
manutengdo definidos no Manual de Operagdo de cada
estrutura. A

Andlise dos resultados do monitoramento, avaliando se
os métodos ¢ a ﬁeqﬁéncia de observagdo e monitoramento
sdo adequados e suficientes para se detectar qualquer

condigdo de anomalia ou instabilidade em fungdo do

tempo. Ob%de n@ramcnto foram
) /

AMPMG

Ministério Pablico
do Estado de Minas Gerals

regularmente analisados e usados e se ndo apontam
qualquer condi¢dio potencialmente insegura na barragem,
relativa aos niveis d’agua e dos taludes do reservatorio.
Atualizacio das premissas adotadas para eventos
extremos, considerando enchentes e sismos para os quais
as barragens estdo projetadas e levando-se em conta
qualquer evento extremo que possa ter (;corrido desde a
implantagdo das barfagens.

Avaliacio do Platto de Agdio Emergencial existente,
verificando se existe um nivel apropriado de preparagdo
para emeygéncia, e se estes prepairativos estdo
adequadamente documentados.

Comparagiio com auditorias anteriores: revendo
relatérios anteriores de auditoria de seguranga, a fim de se
determinar sua concordéncia com as boas praticas de
engenharia. '

Andlise dos possiveis Modos de Falhas de cada
estrutura e riscos relacionados aos mbdos de falhas;

Recomendagdes dos auditores para mitigar riscos,

acompanhado de 'cronograma para implantagdo das

medidas recomendadas.
Registro de restrigbes operacionais, caso sejam
necessarias.

Outras observagdes e analises que os g@itores entenderem

f

convenientes
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A partir do recebimento da presente manifestagio pela
SAMARCO MINERACAO $/A, o MINISTERIO PUBLICO aguarda o prazo
V maximo cie 15 (quinze) dias para que a COMPROMISSARIA apresente uma
empresa independente e com notdrio: reconhecimento para a realizagdo da
auditoria téenica, nos termos da clausula 6, paragrafo primeiro, do termo de

Acordo.

'Belo Horizonte, 14 de margo de 2016,
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