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1. EXPERT ENTITY

Associacdo Técnico Cientifica Ernesto Luiz de Oliveira Junior (ATECEL®) is a non-profit entity under private law,
founded by professors of the Escola Politécnica of the Universidade Federal da Paraiba on August 05, 1967,
and whose name is an homage to Professor Ernesto Luiz de Oliveira Junior.

The basic purpose of ATECEL® is to support and facilitate research and extension programs for universities and
research institutes. However, it also provides consulting services, development of projects and training in
different areas of knowledge, the interaction of which is made possible through agreements or contract. The
processes put in place provide the opportunity for the various sectors of the University to develop research

programs and to provide services, enabling the University to fulfill its role within society.

ATECEL® develops projects (calculation and monitoring), staff training and research in the following areas:
Chemical Engineering, Electrical Engineering, Civil Engineering, Mechanical Engineering, Mining and geology,
Computing Systems and Materials Engineering, among others. The work in these areas has resulted in the
remarkable experience of ATECEL® in carrying out projects with outstanding entities in Brazil, such as:
Petrobras, CSN, Suzano Celulose, Votorantim Metais, Braskem, Alcoa, Chesf, Eletrobras, Aperam, Vallourec &
Sumitomo, Clariant, General Motors, ANEEL, ANA, CNI and FINEP. The performance of ATECEL® in the
implementation of projects in these areas is the result of the great diversity of expertise of UFCG professors,

which by law are allowed to work in conjunction with ATECELE®.

Law n. 8958, issued on December 20, 1994 establishes the framework for the relations between federal
institutions of higher education and of scientific and technological research and support foundations. ATECEL®
had the revalidation of its status as a support entity to Universidade Federal de Campina Grande (UFCG) on

February 12, 2007, at a meeting of the University Council Collegiate.

Since 2014, ATECEL® implements programs for energy efficiency (EE) in Brazil, through simulation and

optimization of processes and their auxiliary systems.

Associacdo Técnico Cientifica Ernesto Luiz de Oliveira Junior i ATECEL®
National Register of Corporate Taxpayers (CNPJ): 08.846.230/0001-88

Rua Aprigio Veloso, 882

Campina Grande-PB

ZIP CODE: 58429-140

Phone: (83) 3310-1064

www.atecel.org.br
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2. EXECUTIVE SUMMARY

As part of the service agreement 4600006981 signed with ATECEL® in September 2018 and valid for 18 months,
this report presents the results obtained in the evalu

treatment systems, located in Barcarena-PA.

At first, the team at ATECEL®, consisting of 14 people, including academics and market professionals, and
coordinated by Professors Dr. Romildo Pereira Brito and Dr. Gilmar Trindade de Araujo, both of the UFCG,
gathered for the first time with engineers from Alunorte, in order to understand the details of the event occurred

between the evening of February 16 and the morning of 17, 2018.

From the above-mentioned meeting, the phase of gathering information and technical data on the system at the
time of the event, and as it will be in December 2018 and in May 2019, began. Data were obtained on storage,
pumping and processing capacities between basins and sumps; as well as information about the maneuvers
between these.

The next step was the development of process flowcharts (PFDs) for February and December 2018, and May
2019; periods with different settings (including connections) of storage, pumping and/or wastewater treatment.
The PFDs were validated by a team of engineers from Alunorte and then impleme nt ed i n the soft wal

(Plus and Dynamics).

For the AspenE implementation, it was necessary to cal

rainfall.

In parallel, the work included several visits to the refinery areas, industrial wastewater treatment stations (ETEI)
and deposits of solid residues (DRS), when photographic records were obtained, which are presented

throughout the report.

The model i mpl emented in AspenE can reproduce wewithe sati s
events on February 16 and 17, 2018, in order to answer questions based on different scenarios of storage,

pumping and wastewater treatment capacities, as well as levels of alumina production and rainfall.

Between 10:00 pm on 02/16/2018 and 6:00 am on 02/17/2018, after intense rainfall, excess rainwater at
Alunortebés plant was released through an old channel . Th

rain, in the assessment of the experts, was the most appropriate under the circumstances.
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The results of the computer simulations show that the basins and DRS2 DRS1 did not overflow in February
2018.

Shortly after the events, in compliance with the determinations of the relevant authorities, Alunorte started to

operate with an output level of 50% of its production capacity. However, the results of the simulations show that

the reduction in the | evel of Alunorteds production

safety, since the processing capacity of the ETEI is significantly larger than the outflow generated by the refinery,

which has low sensitivity to variation in the level of production.

In February 2018, the outflow generated by the refinery (2,100 m3h as calculation methodology used in this
work) demanded approximately 20% of the capacity of the ETEI (9,500 m?/h), the rest being destined to the

processing of wastewater generated by rainfall.

With the new storage and pumping capacities, available in December 2018, there will be no need to use the old
channel to drain excess rainwater, considering rainfall similar to that which occurred on February 16 and 17,
2018, as well as for rains with return periods equal to 10,000 and 5,000 years, with duration of 12 and 24 hours,

respectively.

Upon completion of the installation of the new ETEI unit, in May 2019, there will be an increase of approximately
50% in wastewater processing capacity, which will go from 9,500 m3/h to 14,000 m3/h. When the new capacity is

considered, the outflow generated by the refinery will represent 15% of the maximum capacity of the ETEI.

The results of the simulations indicate, precisely, that the improvement projects in the three fronts mentioned
(storage, pumping and treatment), are suitable and ensure the safety of Alunorte operations. Specifically, the
improvements were tested for rain with return periods equal to 10,000 and 5,000 years, with duration of 12 and
24 hours, respectively; and the results obtained from simulations show that it is not necessary to use the old

channel to release rainwater.

The improvements implemented or being implemented in Alunorte meets NBR 13028 of 2017, which states that
the overflow systems of geotechnical structures with high Potential Damage must be set for a return period of
1,000 years or more, during the operational period of the structure; and 10,000 years or above for the period of
structure closure.

Operational procedures (maneuvers of valves and dampers) must be clear and simple, with frequent training, to

ensure that in times of emergency, the system is operating as expected.

of
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On the basis of the information obtained with Alunorte and on the results of the computer simulations, the
experts affirm that the improvement projects currently running in the areas of wastewater treatment, storage and
pumping are correctly sized to withstand extreme rainfall events, without the need to use the old channel to drain

excess rainwater, as long as the operational procedures are followed by Alunorte.

The reviewers conclude that, currently, from the point of view of wastewater management, it is safe for Alunorte
to produce at nominal fee of 6.3 million metric tons of alumina a year. With the improvement projects that are
being implemented, Alunorte is prepared for possible future changes in climate, which could lead to more

frequent extreme rain events, as of December 2018.
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3. INTRODUCTION

Alunorte is the alumina refinery with the world's largest production capacity and is located in the State of Para in
the northern region, more specifically in the industrial district of the city of Barcarena, as shown in Figure 1.
Conceived in 1978, from an agreement between the Governments of Brazil and Japan, and with the participation
of the Companhia Vale do Rio Doce (CVRD), it was created as a way to ensure the production cycle of

aluminum in the state, beginning its operations in 1995 with 450 professionals.

Figurel1-Al unortedés I ndustrial Uni t .

Since the beginning of its production, the company went through three cycles of expansions, completed in 2003,
2006 and 2008, making possible the elevation of its nominal production capacity of 1.1 Mt/year to 6.3 Mt/yr of
alumina, generating approximately 8,000 direct and indirect jobs, having, in its majority, employees from Para
(Alunorte, 2018a).
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In financial terms, the first expansion required an investment of US$264 million, allowing an increase in
production to 2.5 Mt/yr of alumina. As a result, the second expansion, completed in 2006, stood out by putting
the Alunorte in the leading position in world production of alumina due to an investment of US$768 million,
increasing the production capacity to 4.4 Mt/year. The last expansion, approved in 2005, resulted in the largest
investment made so far, with the value of US$846 million, and secured an increase in productive capacity to the
current level of 6.3 Mt/year (Alunorte 2018b).

In 2011, the Group of the Norwegian company Norsk Hydro bought the shares from Vale and three other
companies linked to the chain of aluminum production in Pard (Mineragdo Paragominas, Albrds and CAP), in a
vertical production process of integrated assets, operating from the bauxite mining to the production of aluminum
finished products. Thus, Norsk Hydro established position in three strategically important world regions, rich in
mineral resources: Brazil, Northern Europe and Qatar. Norsk Hydro is a multinational company present in 40

countries, operating for 85 years in the production of aluminum and electricity.

Alunortedbés refinery is situated i n a mioumnpmduetivn, ihcluding
Paragominas, where the extraction of bauxite takes place, the refinery where there is the transformation of the
bauxite into alumina and Al br §s, the unit that rec

production of around 460,000 tonnes of aluminum, being the second largest aluminum producer in Brazil.

Aluminum is the third main product of the trade balance of Para and represents 6.7 percent of the State's
exports, behind only iron ore (57%) and copper ore (14%). Currently, Alunorte is the 27th largest exporter in the
country, a position it occupies after the Court order issued on 03/01/2018, which ordered the cut in the level of

production to 50% of i fomerly, Alanore aatypi@dsthe d4thpasiiont y

According to a survey conducted by IBGE for 2017, Alunorte accounted for 63.5% of the gross domestic product
of the municipality of Barcarena-PA. When one considers the production of aluminum and the service sector, the
aluminum chain reaches 89% the GDP of the city, where 50% of the collection of taxes by the city of Barcarena

comes from refinery activities.

Alunorte has become national news in recent months, after intense rain events occurred on February 16 and 17,
2018 intheregionof Bar carena, when flooding was observed in
events, the water treatment system of the plant, which receives both wastewater from the refinery process and
water from the rainwater storage basins, operated in its maximum capacity. Due to the chance of leakage, local
contamination and release of non-treated wastewater into the Para River, a series of inspections at Alunorte was

carried out by the competent authorities.

10
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On February 28, 2018, the Barcarena court ordered, at the request of the Prosecution Office: (a) prohibition on
using the DSR2 until the Operations License is granted, the effective operational capacity and structural safety
are proved, the slopes reassessed, and all the other construction technical requirements, cumulatively; (b) plant
production reduction to a level equivalent to 50% of the average monthly production of the last twelve months or
to the lowest monthly production level in the past ten years, whichever is the lowest; (c) fine in the amount of R$

1,000,000.00 (one million Brazilian reais), per day, if the orders are not complied with.

This technical report presents the results obtained from a technical, objective assessment regarding the
rainwater and waste water storage systems, and their pumping system (including maneuverability), the
processing capacity of the Industrial Wastewater Treatment Plants (ETEIs), as well as an assessment of the

volume of wastewater generated for different levels of alumina refinery production.

For the implementation of the technical evaluation about the topics mentioned, the team at ATECEL®,
represented by a group composed of 14 academics from UFCG and market professionals, all linked to the

Alliance of Industrial Competitiveness Program of the National Confederation of industry (CNI), conducted a
series of technical evalwuations at Alunorteo6s refinery t
out:

A Analysis on the engineering calculations and studies carried out by teams from Alunorte and its contractors
on the rain events that occurred in the month of February 2018, emergency actions taken, the standard
procedures for operation of the refinery in days of intense rain, and includes evaluation regarding the
laboratory tests of the quality parameters of the wastewater released and mass balances.

A Field inspections in the areas of the refinery, including all rainwater and wastewater storage basins,
intermediate tanks (called "sumps"), drainage and pumping system, adjacent and peripheral areas of the
refinery, in addition to the main production systems of alumina, such as digestion, clarification, precipitation,
evaporation and calcination.

A Evaluation of the improvement projects in the storage areas of water and wastewater, as well as the project
of increasing the capacity of processing and treatment of ETEI.

A Application of the most modern techniques of computer modeling and simulation for dynamic verification of
the behavior of all the storage basins, sumps, the capacity and bottlenecks of wastewater transfer between
the basins on different levels of rain (considering average volume and located downpour) and different levels
of alumina production with subsequent industrial wast
software, the computational tool most appropriate and used for chemical industrial processes.

A Photographic record of all points of improvement and increase of capacity of water and wastewater storage
of water, as well as the peripheral regions of the plant, and the wastewater outfall in the Par4 River and
ETEL

11
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A Classification of all documents, presentations, technical drawings, calculations and spreadsheets used by
Alunorte as evidence of actions taken because of the rainfall events, and which were used in the

observations and conclusions made by ATECEL®.

12
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4. CONTEXT - THE EVENT THAT TOOK PLACE ON FEBRUARY 16 AND 17, 2018

During the days of February 16

and

17,

2018,

t he

region

located, was hit by heavy rains, registering a rainfall of more than 230 mm in a 12-hour period, as recorded at

Al unorteos

rai

nfall

station

and

s hown

n

Figure
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Figure2-Rai nf all at t he February 2018, accor

As a result of that volume of rain, floods were recorded in some parts of the city of Barcarena-PA and within the

area of Al unorteds industrial uni t, as shown in Figure

communication and media of the State of Para and Brazil.

Inside Alunorte some flooding was registered, in particular, in the area called the A45, where there is a rainwater

collector, associated with a set of bombs (sump 45) and in the emergency basin, in the area of ETEI.
In the DRS2 area, the operation in situations of extreme rainfall, such as those presented above, occurred as

planned, i.e. rainwater was directed, through overflow systems, from the inner region of the deposit to the

channel called "keyway". Behind the keyway, there are two other channels, the first called adduction channel

13
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and the second, sedimentation channel, and both are responsible for receiving the volume of water from inside

the Deposit (whose single goal is to store bauxite solid waste) and direct this wastewater to the storage basins.

(©)

Figure 3 - Picture of the area of the sump 45 which shows the accumulation of rainwater inside Alunorte:) on
02/17/2018; b) on 10/31/2018; c) location in the area of the refinery.

Figure 4 shows the areas that receive bauxite solid residue (A), the channel called keyway (B), (C)

sedimentation channel and the outline or adduction channel (D).

The DRS2 project was designed so that all rainwater received by the area of solid waste (A), be transported to
the underlying channels and directed to the storage basins and further processing in the ETEIls. As the only
objective of the DRS2 area is to store bauxite solid waste, the rainwater initially accumulates on the waste and,
by gravity, flows through overflow systems (E), which are small transverse channels between the slopes, as
shown in Figure 5.

Figure 5 shows that there has been wastewater overflow at the lowest spot, called overflow pipe, which is
provided for in the project exactly for these situations. What the technical staff of Atecel/lUFCG found through
documentary analysis, photographic records, field inspections conducted within and outside Alunorte, was an

increase in the level of liquid inside the DRS2 depending on the volume of rain in the period mentioned.

14
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Sedimentation channel

Keyway

Contour-or adduction channel

'?D) OUTLINE OR

ADDUCTION
B) KEY WAY

C) SEDIMENTATION C) SEDIMENTATION

Figure 4 - Details of DRS2.

> °
.

ADDUCTION
) OUTFLOW PIPES

') SEDIMENTATION

B) KEYWAY

Figure 5 - DRS2 details showing overflow between channels.

It is important to note that photographic records should always be taken into account with care, as they can lead
to erroneous conclusions when assessed in isolation. Depending on the use of a photographic record, without
an equivalent technical and scientific reasoning, incorrect information can cause significant inconvenience to
society in general, because emergency measures can be triggered leading to decisions on the part of the
population, public authorities, regulatory agencies and private institutions that can potentially bring harm to the

common good, even if the intention of an alert is the concern with the well-being and safety of society.

During the rain events, started on February 16, the operation of Alunorte was maintained as usual, as per
operational procedures. The operation of the refinery is designed to process and treat both wastewater from the

15
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production process (called Bayer alumina production Process), and to store and treat rainwater that constantly

falls on the areas belonging to Alunorte.

At or around 11:40 pm of February 16, 2018, the increase in the rain intensity was registered in the operation
and management system of the refinery, by operators who were working at that moment, and, shortly thereafter,
an electrical discharge in the area of the refinery that affected some ETEI equipments, pumping systems and
some engines in sumps was also registered. It was found, through document records, that these circumstances
led to an increase in the storage basin level, since the wastewater and rainwater transport to the treatment plant
had been harmed (according to documentation made available to the competent authorities, according to

Alunorte).

The energy of the plant was reestablished at 12:30 am, and during this interval, the ETEIls continued to operate

partially.

When the levels of the storage basins, excluding DRS1 and DRS2 basins, had reached 100% capacity, the old
channel was used to release the excess water. All rainwater, that is, without contamination, was segregated to
avoid a possible overload in the ETEIs which could cause release of wastewater out of specification. Figure 6

shows the location of the old and new channels in the area of the refinery.

OLD CHANNEL 4

NEW CHANNEL

Figure 6 - "Old" and "New" Channels.

On February 17 and 18, the competent authorities conducted inspections at Alunorte, with the technical support

of the plantds experts. On this occas iranwaterleakin anald pipel s o

located next to a warehouse area, an area of the refinery without industrial operations and that drains the sump

45, which was immediately buffered (Figure 7).

16
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Figure 7 - External Pipe to sump 45 area.

On February 22, Instituto Evandro Chagas reported measurements of samples in the immediate vicinity of the
plant. Due to these events and the doubts about the possible impacts, the Court of the District of Barcarena, on

February 28, 2018, ordered the 50% reduction ofthecompany 6s production of alumina.

From then on, Alunorte started a series of measures aimed at meeting the most urgent needs of the plant and of
the communities located in the immediate vicinity of the plant. Some of the improvements that have been
implemented are listed below.
A Establishment of a task force of internal experts for comprehensive review and analysis of available data, in
order to propose actions for possible improvements;
A Collection of samples to determine the quality of the water;
A Improvements to some drainage points;
A The company undertook to act in conjunction with social partners to invest in the supply of drinking water to
the neighboring communities of Alunorte.

In addition to actions already performed, Alunorte keeps on implementing medium-and long-term initiatives
aimed at the modernization and improvement of the plant, some of which are presented below.
A Improvements to the water management systems and treatment capacity, maintenance of systems and of
the emergency plans and training;
A Implementation of a new system of floodgates;
A Investment of around R$200 million in the refinery's water treatment system, increasing treatment capacity
at 4,500 m?h, 242,930m?in storage, and 17,000 m?h in pumping;
A Update of the emergency procedures, including the review of the practices of communication with local

communities during and after emergencies, as well as training to the neighboring communities of Alunorte;
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A Maintenance and modernization of equipment, including opportunities for improvement identified in reports
issued by hired consultants;

A Review on the collecting, testing, analysis and monitoring of environmental and health data process,
including water quality;

A Creation of the project Sustainable Barcarena, offering R$100 million for actions that provide training,
establishing a public platform for monitoring and data assessment, and development of social and

environmental projects.

It is worth noting that in the midst of these initiatives, Alunorte signed on September 05, 2018, 2 agreements

toward the resumption of normal operations in the alumina refinery. However, with the ban on the use of the filter

press and DRS2, on October 3 it was announced the

verification that there were risks in the operation of the DRS1 with drum filter waste, due to its volume of solids.
Then, IBAMA authorized, exceptionally, Alunorte to use its filter press technology in the processing of bauxite

residue, which enabled Alunorte to continue its operations.
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5. SPECIFIC OBJECTIVES

To fully comply with the general objective, the following specific objectives have been defined:

A Obtain and evaluate historic data of rainfall for the period of the event;

A Obtain and evaluate basins and sumpspr oj ect s 6 daoftheeeent; t he dat e

A Obtain and evaluate wastewater pumping system project data on the date of the event;

A Obtain and evaluate industrial wastewater pumping system project data on the date of the event;

A Obtain and evaluate basins and sumpspr oj ect s 6 d bet 2018 ral MayD@1@; e m

A Obtain and evaluate data of wastewater generation during the years 2017 and 2018;

A Obtain and evaluate the PFD (Process Flow Diagram) for the wastewater circuit during the event;

A Obtain and evaluate the PFD for the wastewater circuit for December 2018 and may 2019;

AUsing the Aspen PlusE Simulator, i mpl ement in stationa
including the storage capacities of basins and sumps, the pumping system and the wastewater treatment
system;

AUsingt he Aspen PlusE Simulator, i mpl ement in transient r
including the storage capacities of basins and sumps, the pumping system and the wastewater treatment
system;

A Generate and evaluate different scenarios of refinery operation with and without rainfall;

A Evaluate the operating procedures of the refinery and ETEI with and without rainfall.
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6. SUMMARIZED DESCRIPTION OF THE ALUMINA PRODUCTION PROCESS (Al203)

In 1888, Karl Josef Bayer developed and patented the process internationally known today as Bayer Process.
The Bayer Process is used for refining the bauxite (hamed so because of the first commercial mining took place
in LesBaux, France) in the production of alumina (Habashi, 2005). The Bayer process is used to this day
practically without significant changes, only with the substitution of sodium carbonate by sodium hydroxide and
the use of pressure during digestion (Hind, 1999; Habashi, 2005).

The alumina production process begins in the treatment of bauxite, the main raw material in the Bayer process,
as shown in the flowchart presented in Figure 8.

Bauwite Grinding &
Dewatering
CaD

Steam
Heating
MNalOH
-
) Flocculant
Evaporation —_—

Fuel Steam
— Boilers Heating -+

cipitation
T secd

Classification
Filtering and
Washing

Flash Tanks

Red mud
separation

Water

Flocculant

Fuel

Figure 8 - Simplified Flowchart of the Bayer Process.
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The bauxite is extracted, ground and homogenized wet with a solution of caustic soda, sodium aluminate and
sodium carbonate. The grind has as main objective to increase the contact area of the aluminum hydroxide
contained in bauxite with caustic soda to make it possible to obtain a high degree of conversion of the reaction.

The paste made from grinding heads for the stage of digestion in autoclave type reactors, under high pressure

and temperature, in a solution with high concentration of caustic soda, so the following reaction occurs:

NaOH + Al(OH)3; & NaAlO; + 2H,0

Once the stage of digestion is completed, the resulting paste is cooled in flash tanks by expansion at low
pressure, and, in this way, the steam from these tanks is used to preheat the caustic solution that returns to the
digesters. As a result, clarification occurs, where it separates the product of digestion between solid and liquid.
In other words, it is the point where the sodium aluminate solution is separated from the solid residue rich in iron
oxide, also known as bauxite residue. The clarification is usually composed of 4 essential steps: mud thickening,

liquor filtering, mud wash and storage of mud in the solid waste deposit (Torres, 2001).

The steps of digestion and clarifying occur in a sector of production called red zone, because of the color of mud
and wastewater produced. The product of the clarification, a liquor rich in aluminate, is more dilute and has lower
temperature that the liquor contained in the paste in the digestion due to the addition of water to wash the mud.
This same liquor is cooled in flash tanks by vacuum expansion, so that the heat released from the expansion
(flash) is also used to preheat the caustic solution that goes in the direction of digestion and grinding, which sets
up one more step that involves energy integration. In addition to cool the liquor, the vacuum cooling area helps
in controlling the volume of wastewater of the plant through the retention of water (condensate) from the thermal
exchange between the steam from the liquor, and the poor liquor (Santana, 2012).

The caustic solution rich in aluminate, and now cooled, head for the crystallizers, so that from the addition of the
seeds, the precipitation of aluminum hydroxide starts. The reaction of precipitation is divided into two stages:
gathering solids from the seed and the formation of precipitate between the particles of these clusters.

The main reaction that occurs in this step is shown below.

NaAlO, + 2H,0 oNaOH+ Al(OH)3

As it can be seen, the precipitation reaction of the hydrate is the reverse of the dissolving reaction occurred in
step of digestion (Santos, 2012).
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From the precipitation there are two streams, a poor liquor, which is low in sodium aluminate, and a chain with a
high concentration of hydrate of alumina in suspension. In this way, the clusters present in the carbohydrate
chain are classified according to their granulometry in decanters tanks, where the thick material is separated as
a product to be calcined, while the thin material is used as seed in crystallizers. Soon, the larger clusters are

filtered from the caustic solution, rinsed and calcined.

The calcination occurs predominantly in fluidized bed furnaces where the combustion air is impelled in counter-
flow against the hydrate, in order to minimize energy consumption, thus creating, alumina. Meanwhile, the
caustic solution that is now low in sodium aluminate and with lower concentrations of carbonate and sodium
hydroxide, passes through evaporation, whose main goal is the withdrawal of the dilution water. It is important to
highlight that the evaporation step is vital to the profitability of the process, since it ensures the recovery of part
of the caustic soda used in step of digestion, and is responsible for maintaining the balance between the water

inlet and outlet in the process.

In a more didactic manner, Figure 9 shows the distribution of each step of the Bayer process between the red

and white areas.

\ .Evapqr‘éﬁon, &

A Poor liquor oy 0 S~ RichLiquor

heating

4

Vacuum
thermal
Exchange

Bauxite
(MPSA + MRN)

Poor Liquor
Classification

Q ; : Precipitation

Soda

Filtration and Alumina and

Waste filters Bauxite residue calcination Hydrate

Figure 9 - Division of the Bayer process between the red and white areas.

With regard to the treatment of wastewater, including the one generated by the water used in the pipeline, the
system has with neutralization tanks and clarifiers, so that the neutralization of wastewater is performed through
the application of sulphuric acid and happens in three steps in tanks with mechanical agitation. The pH control is

performed during all stages of neutralization, correcting the pH of about 8 to 14 to about 7.5 to 8.
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After the neutralization of wastewater, the decantation of the solids is conducted through the use of flocculant in
clarifiers, in order to obtain a treated wastewater (overflow) with the turbidity limit below the limits established by
the law. The treated wastewater in clarifiers is then disposed according to the requirements of the current
legislation (CONAMA Resolution n. 430, May 13, 2011), while the underflow (the mud from the process of

clarifying the wastewater) is forwarded to the filters, and then to the deposit of solid waste.

In relation to solid wastes, Alunorte uses the method of mud disposal by high density, which consists of a
process of "dry-stacking”, patented by German company Giulini. In the case of DRS1, drum type filters can filter
the bauxite residue to remove existing caustic soda, providing a pulp with the solids of around 65%. Meanwhile,
for the DRS2, the technology adopted is that of the press filter, which allows for a much more dry residue with
the solid content of 78%, which facilitates the transport of waste by means of conveyor belts. In both cases, it
becomes possible to avoid segregation of liquids, so that the red mud acquire the consistency of a natural soil in

short time, easing the recovery of the area for other purposes.

Figure 10 shows the difference between the pulp from the drum filter (a) and the residue after passing by press
filter (b).

(@ (b)

Figure 10 - Red mud after filtration in the drum filter (a) and (b) press filter.

By using the method dry-stacking for the disposal of solid waste, there are numerous advantages from the
environmental point of view and of procedure, which are listed below.
A Greater recovery of the filtrate material (caustic soda), reducing environmental hazards, the operating cost
and the risk of injury by contact;
A Less use of chemicals in the neutralization step;

A Safer deposit of waste, since the residue is almost dry;

23



® ,EM
de C. ina Grand
I Arecel &, o

A The characteristics of the residue makes it attractive for other industrial applications;

A Lower emissions of CO and CO2 due to the reduction in the use of dump trucks.

The diagram in Figure 11 illustrates the process whereby solid wastes pass, since it uses the technology of the

press filter.

Waste stack

Soil treatment Disposal Transport with trucks

Compression

Figure 11 - Steps in the treatment of solid waste.
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7. PROJECT DATA, ESTIMATES AND COMPUTATIONAL IMPLEMENTATION

The methodology for carrying out the work consisted of the following steps:
A Development and validation of the PFDs;
A Project data: basins, sumps, pumping and ETEIs;
A Calculation of water flow generated by rainfall;
A Calculation of the outflow generated by the refinery;

Al mpl ementation of PFDs in the process simulator AspenkE

Process Flowcharts (PFD) and Wastewater storage, pumping, and treatment capacity

Three PFDs were developed and validated with the technical team of Alunorte: February 2018, December 2018
and May 2019. The one of February 2018 was the PFD used during the event between 16 and 17; the other two
are results of project modifications. Wastewater basins, sumps, pumping, and processing storage capacity also

has been validated by the technical staff of Alunorte.

Alunorte refinery has a drainage system consisting of 7 circuits (CC1, CC2, CC3, CC4, CC5, CC6, CC7)
responsible for collecting wastewater from the industrial plant and rainwater (Figure 12). All these circuits are
directed to a mixing box, where the quality of the wastewater drain circuits is monitored, in order to ensure the
following parameters:

APh:5t09;

A Temperature: < 40° C;

A Conductivity: < 3,500 puS/cm 2.

In case of any change in any of these parameters, monitored continuously, by instrumentation, samples are
collected in each circuit pipe and in the collection bin, in order to identify which of the drainage systems is
causing a disturbance in wastewater quality. In case of contamination of any of the circuits, the floodgate
directed to the mixing box is closed and the wastewater of this circuit is directed to the collection bin, and then is

sent to predetermined tanks at the refinery, which are located in the area named 28 A/C.

The drainage system also has damping basins, called sumps. These, in their turn, have a structure with a

temporary volume (buffer) for intense rain, avoiding flooding in their respective areas.
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Figure 12 - Panoramic view of the wastewater collection system from industrial plant and rainwater.

Wastewater with caustic concentration below 2 g/L, equivalent to a pH of up to 10.5, are directed to the ETEI,
where they are preferably sent to the storage basins T-82C-2A/B/C/D and T-82D-2A.

From these storage basins, liquid wastewater is sent to treatment at stations 82C and 82D. respectively. Basin
T-82C-2A/B/C/D also receives wastewater from sump 45 and the hydrate sump. The emergency basin can be
triggered in two ways: through the new channel where the floodgate to the basins of the expansions (C) and (D)
is closed and the wastewater is directed to the emergency basin, or through a floodgate between T-82C-
2A/B/C/D and the basin of emergency (T-82C-2E). In addition to the routes mentioned, the basins of the coal

and bauxite areas can forward their wastewater to the T-82C-2E intermittently.

DRS1 has a channel that involves all of its extension. This channel is responsible for directing all the wastewater
from the humidity of the solid waste produced in the Bayer process, in addition to rainwater, to the containment
basins (Figure 13). DRS1 has two buffer basins (BC03 and BCO05) and 3 control basins (BC01, BC02 and
BCO6),thel atter contain a pumping station and are responsi bl
54 (DRS1 and surrounding areas) also has two sumps (54A and 54B), which pump the wastewater collected to

basins 02 and 01, respectively.
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Figure 13 - DRS1 Basins.

DRS16s contour channel flows into basins BCO1 and
and a floodgate, respectively. The same channel directs wastewater into BCO5, which has a connection with
BCO6 through a floodgate. Control basins, in their turn, pump the waste to the area 82, where they are stored
and treated before being disposed in the Pard River. Basin 02 forwards the wastewater to T-82D.-2A and Basin
01 to T-82C-2A/B/C/D. Basin 06 directs the wastewater directly to the treatment station 82E.

As well as DRS1, DRS2 has two channels that surround the area of solid waste deposit from the press filter.
These channels are named as channel of sedimentation and adduction channel. The adduction channel directs
the wastewater to the basins BC-201 BC-202, both having pump stations (Figure 14). Their wastewater are then
united and are directed preferentially to the BCO6 of DRS1. However, there are settings that allows for the
transfer of the wastewater to the basins BC01 and BC02.
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Figure 14 - DRS2 Basins.

Tables 1-10 present the volumes of the basins, pumping and treatment capacity, and catchment area on

February 16 and 17, 2018. In the case of the volume, it was considered an average silting of 20%.

Table 1 - Volume of DRS1 basins in February 2018.

Basin Total volume (m?3) Effective volume (m3) Source

BC-01° 253,425 202,740 Pimenta de Avila Report
BC-02 230,925 184,740 Pimenta de Avila Report
BC-03 118,525 94,820 Pimenta de Avila Report
BC-05° 471,009 376,807 Pimenta de Avila Report
BC-06 452,147 361,718 Pimenta de Avila Report

*Considering the volume of the North Channel (stretches 4 and 6, respectively) and the former BC-07.

Table 2 - Volume of DRS1 basins in February 2018.

Effective volume
Basin Total volume (m3) (m3) Source
BC-201 * 461,519 369,215 Pimenta de Avila Report
BC-202 * 699,125 559,300 Pimenta de Avila Report

*Considering the volume of internal and external channels.

Table 3 - Volume of ETEI basins in February 2018.

Basin Total volume (m3) Effective volume (m?3) Source
T-82C-2ABCD 33,295 26,636 CD3940972001
T-82C-2E 26,711 21,368 CD3940972001
T-82D-2AB 46,828 37,462 CD3940972001
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