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Presentation

This material corresponds to the review of Study-4&ngineering Preliminary Project, originally
delivered by GS Inima Ltd., the leading companyhatized to develop this and the other 14
(fourteen) studies elaborated in the scope of thi®Notice for the Expression of Interest Proaedu

— PMI 01/2017/CAGECE, whose objective was the Hiation of Studies for a Sea Water
Desalination Plant for the Fortaleza MetropolitaggRn, with capacity for 1 #'s.

The objective of this report is to present a RefeedProject that shall serve as basis for the edéibo

of the executive project of implementation of thertkleza Desalination Plant, describing the
alternatives studied, technical concepts, dataiesdjand constructive solutions for the varioudsni
that may be part of the system.

This report is divided in fifteen chapters: Chafitér Introduction, presents the current water supp
situation of the State of Ceara and incorporatesiésalination proposal within this context. Ckapt
02 presents the location alternatives for the imgletation of the desalination plant, as well as the
alternative chosen and the main considerationseromg the same. Chapter 03 presents a general
review of reverse osmosis technology. Chapterdldild each process and methodology used in a
desalination plant that utilizes the processes systiem of a reverse osmosis plant. Chapter 05,
describes the configuration of the desalinatiomfteioposed for Fortaleza. Chapter 06 discusses al
the construction works that will be necessary lierplant’s implementation. Chapter 07 presents the
general characteristics of the electrical instalted related to the plant. Chapter 08 discusses th
architectural solutions proposed for the implemioreof the desalination plant. Chapter 9 discsisse
the field devices that shall be installed in thanpl as well as the control system to be adopted.
Chapter 10 discusses the interconnection of thet plath the current CAGECE system and its
peculiarities. Chapter 11 presents the chronogaaththe summarized budget for the necessary
construction works. Chapter 12 displays the pragem of the pilot plant and all consideration
necessary in its analysis. Chapter 13 presentethgonship between all the drafts composing the
present volume. Chapter 14 presents the Attachntiesitsomplement this Reference Project and, at
last, Chapter 15 presents the teams responsibleeW@wing, complementing and preparing this
Reference Project.
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1. Introduction

The state of Ceara is characterized by long cylgliedods of rainfall scarcity, currently facing it
seventh consecutive year of rainfall below his@ravverage, as illustrated in the figures belowisT
peculiarity has been the object of numerous stutiEsseek a greater understanding of its vartgbili
and associated natural mechanisms, but its behigwnat yet fully understood.

Figure 1.1 — Evolution of the State Springs Waigpsy
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The interference of today's civilization in envirsental changes on a global scale, as evidenced by
the consequences of E@missions, reinforces the concern that human iieivmay negatively
impact the ecosystem, not only on a local sphdrke latter is represented, for example, by the
impacts of human action on hydrographic basinsclitontribute to increased evaporation and
aggradation, while the former is represented byngimg global circulation patterns that lead to
changes in rainfall regimes, increasing the occueef severe events (droughts and floods).

As a strategy to minimize the deleterious effedt$hs region's characteristic condition, several
small, medium and large reservoirs were built dkerdecades, with Castanh&o, Orés and Banabuiu
being the largest. Canals and transposition systiyat carry water to the main supply system
(Jaguaribe Metropolitano) were built as well, asstirated in the figure below.
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Figure 1.2 - Water network that supplies the Mattidgn Region of Fortaleza, with no interconnection
the S&o Francisco River integration.

In the current scenario, where new challenges aseq) actions different from those traditionally
adopted may complement previous solutions, addeegrgy to the system that did not previously
address the present uncertainties. In this pelispecagece has been required to provide supply
alternatives to strengthen the state’s water maéspecially that of the Metropolitan Region of
Fortaleza; it is responsible for the highest demaihdater for human consumption and is heavily
dependent on water imports from foreign basins.

Among the available alternatives, seawater dedaimaias long been discussed as a possible source
to diversify the state's water matrix — so muchhea, in the Ceara State Water Resources Strategic
Plan, prepared in 2009, seawater desalination wéxe@ded at various points in the text, as can be

seen below:

When the large and medium-sized buses and the gupppacity of the San Francisco
interconnection planned for 2020 are exhaustéslwbrth asking: what other alternative sources
will guarantee water for future generations? Wilbé possible to count on the Tocantins Basin
interconnection? Or is it necessary to immediastdyt studies on the future alternative use of
seawater desalination to supply the inexorable ladipn and industry growth of the Metropolitan
Region of Fortaleza and Pecém Pbort?

In agreement with the aforementioned document, mecently, the Fortaleza 2040 Plan, which
establishes strategies to be implemented in the,sm@dium and long term in urban areas, for
mobility, economic and social development of thenraipality, to be commenced on 2040, explicitly
considers the city’s need to rely on this new setwoccomplement its supply.

1 Available at: https://lwww.srh.ce.gov.br/wp-contaploads/sites/90/2018/07/PLANO-DE-ACOES-
ESTRATEGICAS-DE-RECURSOS-HIDRICOS-CE_2018.pdf

8/295 Cagece — Companhia de Agua e Esgoto do Ceard
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido

CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860



do Cearé

"&Cagec o Aoa s Esgoto

Table 1.1 - Plan of Action for Alternative Waterusces Projected in the Fortaleza 2040 Plan.

Quadro 21 - Linha de acdo 4 — Mananciais alternativos

N® ACAQ META INDICADORES PRAZO LOCAL EXECUTOR

SH.A.8 Concepcao de estudo de 01 estudo Estudo realizado 017 Toda a cidade  SRH/ Cogerh
analise de viabilidade técnica,
econdmica e ambiental da
dessalinizacio da &gua do mar

SH.4.9 Construcao e operacio de 01 planta Planta operando 2022 Toda a cidade  Concessionaria

planta de dessalinizagio dessalinizadora dos senvigos

Source: Fortaleza 2040 Plan: Environmental and idbResources Quality / Fortaleza City Hall. — Fazat Iplanfor, 2016

The reasons for this particular interest in theydaion of Fortaleza and integrated municipalities’
water supply are summarized below:

» Desalination produces higher quality water thangb®bility standard processes, and with
high stability;
* Itis a worldwide accepted practice for human symuirposes, being easily acceptable;

* It uses an unlimited source, the sea, to produnkidg water, with no interference from
climate change;

e Enables a reduction in the use of conventional wasources;
* The proximity of the population served to this nevurce

929t
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2. Selection of Alternative Locations

A total of eleven areas were studied for the pd#silof desalination plant installation, distriled
among the municipalities of Fortaleza and Caucsifolbows:

Area 01 (Sabiaguaba), located in the SabiaguabahBegion, east of the Cocdé River;

Area 02 (Serviluz), which is located in the PramaFituro region, more specifically in the
Serviluz Community area,;

Area 03 (Mucuripe), located Ronta do Mucuripeat Mansa Beach;

Area 04 (IPLANFOR 1), located in the Praia do Fottegion, on Herminio Bonavides street;
Area 04-A, called Praia do Futuro I-A, located fblocks southeast of the originally proposed
land area called IPLANFOR I;

Area 04-B, called IPLANFOR I-B, which is locatedednlock north of the originally proposed
area known as IPLANFOR I;

Area 05 (IPLANFOR I1), located in the Praia do Fatuegion, on Dr. Aldy Mentor Avenue.
Area 01 (Cumbuco I), located in the Praia do Curob(€aucaia) area, next Mila do
Cumbuco

Area 02 (Cumbuco Il), located in the Praia do Cuatb{Caucaia) area, near Vila Galé hotel;
Area 01-A EPO), located near the start of the marine outfall Fafrtaleza’'s Sewage
Pretreatment PlanEPQO);

Area 02-A (Iparana), located near Iparana Beachi¢@ia).

The alternative that presented a better set ofrédole attributes to desalination plant installaticas
the area called Praia do Futuro I-A, which is pné=g below. Details on the other areas and the
selection process can be found in the “Locatiorhiatives Studies R03”.

2.1.Selected Area

The selected area corresponds to a regular laradfarmed by two partially unoccupied blocks
separated by an unconsolidated street, as showgume 2.1. The total area corresponds to 2.3 ha,
with 2 hectares corresponding to the two block® iain access to the desalination plant area shall
be through Francesco F. Dangelo Street and Dioguitve., which has its south access mainly by
Santos Dumont Ave., and to the north by José Sabééa The nautical charts indicate a depth of
12.0 m at a distance of 1.1 km from the coast.
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Figure 2.1 - Area 04-A Site (Praia do Futuro I-A).

The interconnection with Cagece's water supplyesgsshall take place at two different sites: the
Mucuripe Reservoir, located at Morro Santa Teresitine same delivery point originally proposed
by the Authorized Company, and the Aldeota Reseniocated at Chanceler Edson Queiroz
Imprensa Square, as shown in Figure 2.2. Forltemative in question, a DN1000mm HDPE pipe
is proposed, which shall start from Francesco d®&ngelo Street to Dolor Barreira Ave., in a
northbound direction, with an approximate lengtilc#43 km. Starting from José Aurélio Camara
Street, the pipe will be divided into two sectionke first will extend through Dolor Barreira Avesau
in a HDPE DN710mm pipe until the Mucuripe Reservdor about 1,196km. The second,
approximately 5,277 km long, will extend until tAédeota reservoir in a DN800mm HDPE pipe,
running through Fausto Cabral, Prisco Bezerra, Aari&tnebien, Julio Azevedo, Vilebaldo Aguiar,
Av. Engenheiro Santana Junior, Av. Santos Dumomind®n, Eduardo Garcia, Vicente Leite,
General Tertuliano Potiguara and Visconde de Maeéts.

Figure 2.2 - Plant Interconnections Located atRraa do Futuro I-A Area — Floor Plan
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2.2.Interconnection with the Cagece System

The interconnection of the Desalination Plant ® @agece System shall be made by HDPE pipes,
with diameters of 710mm, 800mm and 1000mm, as pusly presented.

Pipeline installations shall take place, for thestart, through the conventional method of opén cu
trenching (destructive method), with a milling geevof 3.00 meters in width to be provided for the
entire pipe layout.

The Mucuripe Reservoir feeds the distribution nekwtbrough three separate lines, two working by
gravity and one by a pumping system, to satisfations with the highest demand. There are two
gravity lines: one with a diameter of 550 mm, fegdihe Papicu, Varjota and Cidade 2000 districts;
and another with a 600 mm diameter, serving théaRta Futuro, Caca e Pesca, Cais do Porto
(Serviluz) and Vicente Pinzon areas. The pumpitagiosr deployed adjacent to the supported
reservoir serves the highest part of the Dunagiblist

In the Mucuripe Reservoir, system interconnectidhhappen at two points. The first will be dirbct
on the pipeline that serves the most elevated #reegfore nullifying the existing pumping station.
The second point shall be placed directly in tlsereoir, from where it can supply all other areas.

The Aldeota Reservoir feeds the distribution neknafrthe Aldeota District and surrounding areas
through two 700 mm pipes. Its interconnection whid main line from the desalination plant will be
directly on the distribution outlet, where measgraguipment will be installed to monitor flow rates
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Figure 2.3 - Mucuripe Reservoir Location (Morro$ienta Teresinha).

Figure 2.4 — Aldeota Reservoir Location (Imprenga&e)
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2.3.Possible Interferences

Figure 2.5 — Water Main Interconnection with thadiirg System
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Figure 2.6 — Interferences of the Interconnecticat&/Main with the Existing System
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Since it is an extremely dense urban area anddakinial use, it is inevitable to observe interfexes
with several existing networks already existenitsnpath (water, sewage, gas, fiber optic cabling,
drainage and railways).

Figures 2.5 and 2.6 show the possible interferefoza®l along the desalination plant interconnecting
water main with the existing Cagece system. Interfee with gas pipelines, fiber optic cabling, high
traffic routes, railways, drainage galleries, adlvas water distribution and sewage collection
networks are observed.

From the plant’s output until the fork of the linetween Av. Dolor Barreira and Rua José Aurélio
Camara, it is possible to observe interference g optic cables, as well as the water distitut
networks.

In the section that extends from the bifurcationh® Mucuripe Reservoir, interferences with fiber
optic cabling and gas and water distribution pigesobserved.

The most critical stretch is bifurcation that exterio the Aldeota Reservoir. In its path there are
several interferences (water distribution and sewmegjlection networks, gas piping, fiber optic
cabling, high traffic streets and railways). Nagsttuctive road crossings will be required mainty o
high traffic avenues (Av. Santos Dummont, Av. Alamte Henrique Sabdia, Av. Senador Vigilio
Té&vora, Av. Padre Antbnio Tomas, Av. Desembargatitwreira, Av. Antbnio Sales and
Desembargador Lauro Nogueira, Desembargador Vaildéfdta, Monsenhor Catédo, Coronel Juca,
Leonardo Mota, Barbosa de Freitas and Padre Valdesireets), as well as in the railways parallel
to Av. Almirante Henrique Saboia.

The main interferences with drainage galleries wierend in Francesco de F. Dangelo, Prisco
Bezerra, Amelia Benebien, Almeida Prado, Julio Axrky and Tomas Rodrigues streets and the
intersection between Vilebaldo Aguiar and Valdetdviota streets.

Possible interferences with the water distributh@twork are found at the following streets: Dolor
Barreira, with pipes at DN400 and DN250; Faustor@abvith pipes at DN200; the intersection of
Amélia Benebien and Solon Onofre streets, with pigeDN250, DN300 and DN500; Vilebaldo
Aguiar, with pipes at DN250; Engenheiro Santanaaitiwve., with pipes at DN550; Santos Dumont
Ave., with pipes at DN250; at the intersection atante Leite Street with Padre Antbnio Tomas
Ave., with pipes at DN550, DN250 and DN300; at itltersection of General Tertuliano Potiguara
and Barbosa de Freitas streets, with pipes at DNBD DN250; at the intersection of General
Tertuliano Potiguara Street with Desembargador Maweve., with pipes at DN500 and DN250 and
at the intersection of Visconde de Maua Street Witkonio Sales Ave., with pipes at DN1000 and
DN 300.

The main interferences with the sewage system aleserved at streets Julio Azevedo Street, with a
reinforced concrete pipe at DN1000; at the intdirseaf streets Desembargador Lauro Nogueira
and Julio Azevedo, with a reinforced concrete @pBN1000; at the intersection of Santos Dumont
Ave and Marechal Rondon Street, with a pipe in DN34 the intersection of Eduardo Garcia and
Coronel Juca streets, with a pipe at DN200 andhatiritersection of Vicente Leite and Vicente
Linhares streets, with a pipe at DN250.

The water mains that interconnect with the macresysshall be implemented in high traffic roads
and, even with use of the non-destructive methddMINon the main roads, traffic deviations will
be necessary. Thus, the Municipal Traffic and @righip Authority (AMC) of Fortaleza must be
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notified in advance in order to carry out traffeviation studies that will mitigate the inconvergen
caused by the work.

Marine interferences shall be considered in additiothe terrestrial, since the region is an imgoart
submarine cable hub, as shown in Figure 2.7. Howyaet/és not limited to the aforementioned
interferences. To reduce interference with subneacables and guarantee the structural integrity of

the intake and outfall systems, a current topoba#tsic mapping of the coastal zone shall be
necessary, for the surface and submerged areaddition, cable operating companies in the region

must be consulted.

Figure 2.7 — Marine interferences
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2.4.Considerations on the Alternative Chosen

The alternative chosen shall allow the MucuripedRasir region to save energy. It is currently
supplied by a booster called Sdo Pedro, which dteltirectly supplied by the flow from the
desalination plant pipeline, thus enabling the berdsdeactivation.

In addition, the plant will serve the two supplyeas (Mucuripe and Aldeota) through only one
pumping station, which will be located in the desation plant itself.

The flow from the water mains at the two chosemisoshall allow for the entire flow produced in
the desalination plant to be met, however, theesystas been designed so that, in special occasions,
when the Mucuripe Reservoir is full, all the wapeoduced by the plant can be sent to the Aldeota

branch.
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3. Sea Water Desalination

The earliest historical references to the separaifavater and salt in seawater date back to Ancien
Greece, where Aristotle, Thales of Miletus, Deminisror Pliny began to work on the idea of seawater
evaporation and subsequent condensation, to separatbm its salts. The first sand filtration
experiments to purify water also date back totini®. From a practical standpoint, there are fourth
century ecclesiastical writings that clearly ddserihe procedure used by sailors to distill seawate

It consisted in filling cauldrons with salt waténat then were placed on a powerful fire. Abowe th
cauldron were sponges that absorbed the stearhdatidieen released as the seawater boiled. Later,
the sailors squeezed the sponges to get fresh toadenk.

From that time on, stills were developed to distgiter by steam condensation and posteriorly, durin
the Middle Ages, many Arab and Persian alchemists @acticed sea water desalination using heat
sources.

Later on, during the Renaissance, some Arab aldierbegan to use solar energy for seawater
desalination. They used glass vases in which theyseawater, then heated it with mirrors that
reflected solar radiation to the vases, thus ymgjdhe heat. required for water evaporation.

After the discovery of America, the start of loreps/oyages helped to slightly improve the seawater
distilling process, since it was more profitabl@¢remsport a distiller than large quantities ohéinng
water.

In 1675, the first patent on desalination was tegesl, but it was not until 1872 that the Swedish
engineer Carlos Wilson built the first industriagdesd desalination plant in Chile. It was a Solar
facility of 4,757 n?, with a production capacity of 22.5hday.

In the early 20th century, some portable desabnatinits were built, especially designed for use in
war to guarantee a water supply to the soldiers.

The first of the modern large-scale desalinatioacpsses developed was the multistage flash
desalination (MSF), in the mid-twentieth centurytive USA. (1955). Although multiple-effect
distillation (MED) was well known and was potenifainore efficient than MSF, making the MED
process large-scale efficient took even longer, iamdis not until 1959 that the first MED facility
was built in Aruba.

In the following year, at the University of Califoa, the first synthetic and functional reverse osis
(RO) membrane made of cellulose acetate was prdduld@s membrane was able to reject salts and
allow water to pass through it with reasonable feowd high pressures. At RO, pressure is the driving
force of the separation process. For this the hylitrpressure must exceed the osmotic pressure of
the water to be desalinated.

After this invention, the desalination journey begaith adoption of membrane technologies. In
1965, the first commercial reverse osmosis dedadimglant in California was inaugurated at the
Coalinga brackish water desalination plant. Howgiexas not until nine years later, in 1974, that
the first seawater RO desalination plant in Bermeatae into operation.

From these first steps on, thermal and membranaidason have jointly evolved towards greater
energy efficiency and lower cost through technalabadvances, the use of economies of scale and
the optimization of different desalination processe

3.1.Desalination Technologies and Processes

18/295 Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido

CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860



\! Companhia
N a e‘ e de Agua e Esgoto
do Ceard

There are currently several water desalination ggees, all based on the observation of natural
phenomena of water and salt separation. Thus, eathpo-based processes are the attempt to mimic
nature when, through the sun, it evaporates seaaadeforms clouds, that eventually come down as
rain or snow, allowing us to have fresh water irers, lakes, wells, etc. The desalination process
based on freezing seawater is also a consequertbe observation of nature. At the poles, when
water freezes, it contains no salts, leavingthesurrounding seawater. Observing how plantsrbbso
water from the soil or how our body cells absorltevand flush out toxins has resulted in the
emergence of water desalination processes usingpseneable membranes. Thus, all water
desalination processes are based on some of tleeergary principles taken from nature. The
difference of the commercial processes is in trymige as efficient and economical as possible when
separating water and salts in a facility. Withontintg to be exhaustive, the most important
evaporation processes that have existed and exiay tare: Multistage Flash Evaporation, Multi-
effect Evaporation, Mechanical Vapor Compressiohgrinal Vapor Compression and Solar
Distillation.

The main membrane desalination processes includerf&eOsmosis, Reversible Electrodialysis and
Nanofiltration.

3.1.1.Multistage Flash Evaporation (MSF)

The Evaporacgéo Instantanea Multietagaocess is also known by its English acronym, M.S.
which corresponds to Multistage Flash Evaporation.

The idea of this process is to distill the seawatet condense the steam obtained, recovering the
latent heat to heat up more seawater, that wél lavaporate. If the heat transmission had aniiafin
area and infinite number of stages, with no losse® the process started, there would be no more
heat and the process would continue, but sincagtiieermodynamically impossible, it is necessary
to have an external source of energy to providendoessary temperature increase to start the cycle.

Figure 3.1 - Multistage Flash Evaporation Proceisgam
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Source: GS Inima

Observing the flowchart in Figure 3.1, we will dese how the process occurs. There are three
distinct sections: the first is the heat rejectsaction; the second is the heat recovery sectidn an
lastly, the brine reheater. To explain this procésts start from point "A", located on the brine
recycle section to the superheater outlet fieldthdg point, recycling is at the maximum possible
cycle temperature and is introduced into the ftsige of the evaporator from the bottom. Upon
entering this stage, the brine recycle is founa latver pressure than its saturation temperatorae, s
portion of it evaporates "instantly" to try to bat® and adjust its temperature to the pressure
displayed in this stage. The steam released ptssesgh the equipment (demersters), whose purpose
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is to eliminate brine droplets that may have bemmied by the steam in the sudden evaporation
process.

Subsequently, the steam condenses on the outacewf the stage condenser tubes, dripping into
the suitable tray under the tube bundle, wherg ébilected. The recycling field, that remainshet t
bottom of the non-evaporating stage is conducteddmext stage, again with a lower pressure than
saturation with the temperature it carries, repgatthe already explained evaporation and
condensation cycle therein and in the followinggetauntil the last one is reached. Water from the
seawater feed circulates through the heat rejesgation pipes. At the outlet of the heat rejection
stages, seawater has risen in temperature; pais oéturned to the sea as reject seawater apttha@n
stream is added to the cycle after being degassedl@emically treated, to prevent corrosion and
scale. This is called make-up. The make-up streairagoortion of the remaining brine from the last
stage are mixed together to form a Combined BrieeyBle Stream, which is introduced through a
recycle pump into the heat recovery section stageg, cooling the stream to condense the vapor
formed in each stage.

This recycled brine’s temperature will increasé asoves toward the first stage. At the pipe dstle

of this first stage, it will have gained most oéttemperature necessary to start the cycle becduse
the recovered heat. However, it will still lack setemperature, that shall be gained by the moment
it reaches the maximum cycle temperature, in tireelreheater. The condensation of external steam
is the heat source that shall heat the brine redgcthe aforementioned maximum temperature. The
superheater condensate is then returned to thea&heycle from which steam comes.

The water product obtained in each stage is passéalthe next through a hydraulic closing system.
This water should also balance out the prevailieggure from each stage, partially evaporating and
returning to the condensed stage on the surfatteeaftage tubes. Upon reaching the last stagesof th
evaporator, the product reaches its minimum tentpexand yields all of its sensitive heat. From the
product tray of this last stage, the product isaeed by a product pump and sent to the storage tank

To maintain the balance of salt concentration & ekiaporator, as it is continuously introducing a
guantity of salt water through the contributiorsefiwater, it is necessary to extract the same amoun
of salts to prevent its accumulation in the intenwhere flow is concentrated. For this, a brinege

will be performed at the point of maximum salt ceniration, with the brine from the last step.

Due to the air and gas content of seawater, as liresnot completely eliminated in the pretreatment
to which it is subjected and, in addition, sincengnatages happen under vacuum conditions, there
usually is air that comes in from the outside tigtopores, flanges, equipment, etc. It is necegsary
extract the non-condensable gases to prevent tmem &ccumulating inside the evaporator,
hindering its performance. For this, a vacuum agjparand a network of stages are installed. This
equipment is usually formed by ejectors with bario®r surface condensers.

The most important characteristic parameters mlatehis process are as follows:

v' Economy Ratio or Performance or Economy Index or ER
It is the ratio between the amount of product atediby each heat unit introduced into
the evaporator, measured in Ib-product / 1000 BAklch roughly coincide with kg-
product / kg-steam when this steam is in a satmwatondition and between 95 and
120°C, which is normal.

v' Concentration Factor
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It is the quotient resulting from the division afrie Recycle concentration by seawater
concentration, both expressed in mg/L or ppm.

3.1.2.Multi-effect Distillation

Thedestilacdo multiefeit@rocess is also known by its acronym in EnglisigDJthat corresponds
to Multi-effect Distillation.

Figure 3.2 — Multi-effect Distillation Process
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The idea of this process, like in all distillatiprocesses, is to evaporate seawater, condendedme s
obtained, and recover latent heat from steam caadiom to heat up more seawater, that shall
evaporate again. Observing Figure 3.2, we will dbechow the process occurs. The evaporator is
divided into two sections: the condenser, whickhes coldest fragment of the evaporator, and the
effects, with the first being the hot stage of thermal cycle. To explain this process, we wilrsta
with the first effect. The steam supplied generallya low-grade energy source is condensed inside
the pipes, while, on the outside, we spray seawhtdracts as a coolant, which is heated to the
maximum temperature and partially evaporates. Tdansproduced in this first effect passes through
nozzles to remove brine remains it can carry ardrernhe pipes of the next effect where it will be
condensed, also evaporating a portion of seawateglsprayed outside the pipes. This sprayed water
comes from unevaporated seawater from the firete#ind is known as Feed.

It is found, in this effect, at a lower pressurartlin the previous one. Consequently, it undergoes
instant evaporation process to meet the prevaitiogditions in the effect and also by steam
condensation within the system. The pipes, whieldytondensing heat, evaporate the same amount
of water. In conclusion, the steam produced in edifgtt comes from evaporation due to the thermal
imbalance between the effects and steam condensaitioin the pipes. This process repeats itself,
increasingly reducing the temperature at whictc@uss and decreasing the corresponding pressure
within each effect, until it reaches the final cender.

In this condenser, the steam produced in the puswffect condenses; however, because the amount
of seawater used to condense it is very largeteansis produced, only the seawater’s temperature
increases: it is the cold stage of the thermalecy&t the outlet of this effect/condenser, the warm
seawater stream is divided into two: one is thectereturned to the sea, and the other is the make
up, that is pumped into the effects before the ciégrain ascending direction, from the second &t la
effect to the first. This make-up water is introddanto heat exchangers, which are present in each
effect. They use a part of the steam produceddbthes make-up flow, until it reaches the firdeet
where it achieves the maximum temperature thatvalibto continue the cycle. As was stated in the
beginning, in this first effect hot water is sprdyen the outside of the pipes, increasing its
temperature while some of it evaporates. Seawa#tihias not evaporated and remains in this effect
is pumped for the following purposes, sprayingdhgside of the pipes.
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The effect before the condenser is where seawatenast concentrated, since it was partially
evaporated previously in the other effects. Thiwlere brine purge will be performed to maintain
salt balance in the evaporator.

The condensed steam in the first effect returnheoouter cycle from which it comes; this is the
condensation of conductive steam. The condensafitile second and following effects generates
the Product, which circulates from one effect tother, being inserted into a lower pressure coonliti
every time, so part of this product water evapara&bebalance out pressures and temperatures. This
steam is added to the remaining steam producdekieftect, and condensed in the next one.

Thus, when the product flow reaches the final cosdg it is at the lowest possible temperature.
Afterward, it is extracted by a product pump, whidnds it to the plant storage tank. Since the
evaporation process causes seawater to releasetgasenay remain and the evaporator works in a
vacuum, there are always leaks and air entrancesgh the pores, equipment and instruments. This
air accumulates inside, making it difficult to tef@r heat and resulting in performance loss.
Therefore, there is a set of openings in each gffgth incondensable matter extracted by vacuum
equipment.

Make-up water will be chemically treated to prevecdle formation before it is introduced into the
evaporator. The usual treatment is degassing andddition of an anti-scale.

The most important characteristic parameters mlatehis process are as follows:

v' Economy Ratio or Performance or Economy Index or ER
It is the ratio between the amount of product atadiby each heat unit introduced into
the evaporator, measured in Ib-product / 1000 BAklch roughly coincide with kg-
product / kg-steam when this steam is in a satmwatondition and between 95 and
120°C, which is normal.

v Concentration Factor
It is the quotient resulting from the division afrie Recycle concentration by seawater
concentration, both expressed in mg/L or ppm.

3.1.3.Vapor Compression

The Vapor Compression definition comprises twoeltéht processes: one compresses steam through
the action of a motor driven mechanical compreskoown as Mechanical Vapor Compression
(M.V.C.). The other procedure compresses steam égns1of an ejector compressor, powered by
medium pressure steam. This procedure is knowrhasmal Vapor Compression (T.V.C.).

3.1.3.1.Mechanical Vapor Compression

Let's start by explaining the Mechanical Vapor Coespion process according to the diagram in
Figure 3.3. In this type of plant there are thrapartant sections: a motor-driven compressor, @ein
or multi-stage evaporator and a liquid/liquid heathanger.

Seawater is passed through the heat exchangere wherheated. It is then supplied to the entire
cycle, into which it is mixed with a portion of bg, forming the feed; then, it is pumped to the
evaporator and sprayed through the nozzles intctimelenser tubes. This feed is heated until it
reaches the saturation temperature corresponditigetressure inside the evaporator and, as it
continues to absorb heat, a part evaporates. €aendormed is passed through a demister and enters
compressor suction, which compresses it untildathes a higher pressure, becoming a superheated
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steam. This steam is introduced into the evapotatwes, where it first loses its sensitive heat and
then condenses, producing heat for the feed tlthtpping down outside the tubes.

Figure 3.3 - Mechanical Vapor Compression Cycle®se

VAPOR COMPRIMIDO
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PURGA DE SALMUERA

3l AGUA DE MAR

PRODUCTO

The product is extracted by a product pump, amdesit still carries sensitive heat, is cooledha t
plate heat exchanger, heating the seawater inatgzbmto the cycle. The unevaporated intake water
falls to the bottom of the evaporator, from wheiie extracted by a pump, splitting into two stream
one that mixes with the collected seawater to fhvenfeed, and the other, the brine purge needed to
maintain the salt balance.

Since the purge still has sensitive heat, it idewan the plate exchanger, where it provides heat
the seawater entering the evaporator. The seawsatdegassed before entering the cycle, and
chemically treated to prevent scale and corrositwere is also a vacuum equipment consisting of a
vacuum pump to extract incondensable matter fraswlenthe evaporator.

In this process it is possible to set up to thremperators series, leaving the diagram as shown in
Figure 3.4 below.

Figure 3.4 - Mechanical Vapor Compression ProcgsseGMultistage)
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3.1.3.2.Thermal Vapor Compression

The Thermal Vapor Compression process is the sartteeaMechanical Vapor Compression, in that
it replaces the compressor with an ejector thaks/arith external vapor, as can be seen in Figure
3.5. The most important difference between theisatbat in TVC the external vapor is mixed in the
vapor ejector and the vapor is produced insideti@nber; therefore, the product obtained must be
divided into two streams: one that has the sanmreileight as the motor vapor used, which is returned
to the steam boiler (this stream is called Condefsad the other part, which is the liquid product
obtained.

Figure 3.5 — Thermal Vapor Compression Cycle P®ces

VAPOR COMPRIMIDO

VAPOR MOTRIZ DE
MEDIA PRESION

PURGA DE SALMUERA

I==¢== AGUA DE MAR

PRODUCTO

CONDENSADOS AL
CICLO DE VAPOR

The characteristic parameters of Steam Compresseoas follows:

v' Compression ratio
It is the ratio between compressor outlet pressunek interior evaporator pressure or the
suction pressure. In these plants, the compresatmnis generally low, varying from 1.25 to
1.35, approximately.

v Concentration factor
It is the number resulting from the division ofriipurge and seawater concentrations, both
expressed in mg/L or ppm.

3.1.4.Solar Distillation

Figure 3.6 shows a basic scheme of a Solar Distiiaystem. It is a low, fully enclosed "small oo
whose roof is composed of clear glass plates. Tdoe fs made up of two layers: the first is a heat
insulating material, and the second, placed abgvis ia black surface that absorbs all radiation
directed to it.
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Figure 3.6 - Direct Solar Distillation Plant Diagra
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SUPERFICIE AISLANTE DEL CALDR SUPERFICIE NEGRA
In this module, seawater is introduced in suffitignantity to reach a height of 5 to 30 cm. Solar

radiation moves through the glass, and is reflebted small part of it; the rest reaches the seaywat
where another portion is absorbed. The black seraptures the rest, and while it is heated, itshea
the seawater, producing vapor. The mixture of vapat hot air rises due to its lower density, and
when it reaches the cooler glass, it condensesth@ncbndensed water slips down the inclined glass
plane, being collected by the collectors locatedhensides of the module from which it is extracted
Once the vapor has condensed on the glass surfdamaled the air, it descends again as its density
increases, warming the water surface and saturatwigh moisture, repeating the cycle.

Periodically, a purge is done to prevent salt sediation, which would result in decreased system
performance. This process shows great variabilitgroduction capacity, depending on the time of
day, seasons and weather conditions. This hindersige in the management of large water
requirement issues. However, it may be approptapeovide drinking water in areas where there is
no power source or the adequate means for the toaperaf a more complicated plant are not

available. There are experimental plants of thgetgn Aldabra Island in the Indian Ocean, Chile,
Patmos Island (Greece), Australia and the Paafantls.

3.1.5.Reverse Osmosis

The Reverse Osmosis process is explained in thedsgelow, where two communicating vessels
are shown separated by a semipermeable membranées,th membrane that allows only the passage
of water, not salts.

Figure 3.7 — Communication Vessels
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If we insert pure water in the glass on the leftl ansaline solution on the right, the osmosis
phenomenon will occur. This phenomenon consistseremergence of a pressure exercised by pure
water molecules on the semipermeable membraneighmohich they cross towards the saline, trying
to reduce its concentration. Molecules from thénsasolution also cross into pure water, but the
guantity of pure water molecules that pass thrahghmembrane is greater toward the saline solution.
This is the osmosis process, and with it theress bf pure water and an increased the amounttof sa
water. This happens until the water column betwthentwo vessels is in a state where the liquid
pressure on the saline side equals the osmotisyneedeaving the vessels as shown in Figure 3.8,
where the process is stalled.

Figure 3.8 — Direct Osmosis

What really happens is that, once the osmotic gdddstatic pressures on both sides of the membrane
are equalized, the number of water molecules pgdbirough it in one direction is equal to the
number of molecules passing through it in the ottiers resulting in balance.

If in this same osmosis process, as shown in Fi§uBgewe push a plunger over the surface of the
saline solution and exert mechanical pressure,avhién the liquid levels in both vessels are equal,
the pressure exerted on the plunger will be equtilé osmotic pressure of the initial saline soluti

If pressure is continuously increased, the equulibris reversed, and thus more water molecules will
cross from the saline solution, the vessel on idje,rto the pure water side, the vessel on the lef
Figure 3.9. That is, pure water will be obtaineairrthe saline solution. This process is known as
reverse osmosis and is applied to desalinate lsfackid marine waters.

Figure 3.9 — Reverse Osmosis

PRESION EJERCIDA > QUE LA PRESION OSMOSTICA

Figure 3.10 shows the commercial reverse osmo$ flRocess. It is a simplified diagram of a one-
stage seawater RO plant with a pretreatment timsists of multimedia and cartridge filters. Seawate
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is pumped through an intake pump towards the matimn filters, where suspended matter is
eliminated; then, this filtered water is passeatigh the cartridge microfilters with a nominal pore
size of less than 5 microns. This feed goes tgh-pressure pump, which is in charge of acting as a
"piston” for the saline solution, providing the essary pressure for the reverse 0smosis process to
occur.

The membrane working pressure for seawater is leetv@® and 70 bar, considering that seawater
has an osmotic pressure between 25 and 30 barassupe required for RO must be two and a half
times the feed’s osmotic pressure. The reasoratgiiring the reverse osmosis process, seawater is
concentrated inside the membranes, thus incredlseig osmotic pressure. This means that brine
disposal shall have a salt concentration almostetvais high as that of seawater, which implies
osmotic pressures between 55 and 60 bar.

Figure 3.10 — General Diagram of an RO Plant

=[] e

el
For brackish water, the working pressure dependhertoncentration and type of dissolved salts,
and the pressure at which the membranes should witirke studied in each case. In practice, it
ranges from 8 to 30 bar.

An important parameter in the design of RO desabnglants is the so-called "conversion factor”,

the name given to the coefficient of division ofrpeate water flow (desalinated or osmotized water)
by the feedwater flow to the membranes. The comweractor depends on the type of dissolved
salts, the pretreatment used and the amount ofsdeathiat can be concentrated without precipitating
salts.

The conversion factor of seawater is between 455&%8d, that is, for every 100 %wof seawater
introduced into the membranes, between 45 and®*3 permeate is obtained. However, for brackish
water, this factor can reach up to 85%.

The brine exiting the membranes still has a Igirebsure, as loss within the pressure tubes camgain
the reverse osmosis membranes is small, betwerd 2 bhar.

To recover this energy, the brine is conductedntemergy recovery system. Currently, the brine

energy recovery systems used in brackish and deltwigsalination plants are turbo-compressors
and pressure exchange systems (PES). Other emeapery systems, such as the inverted pump and
the Pelton or Francis water turbine types are falgnd in some installations.

The brine energy recovery systems in RO plants dalk@ntage of the pressure jump between brine
pressure at the membrane outlets and the recoystgns outlet pressure. With use of these energy
recovery systems, the energy required to perfoaTRIO process is reduced.

The permeate water leaving the membranes contaiean amount of salts, since the salt rejection
from the RO membranes is never 100%. Therefore,piteneate, depending on initial water
concentration, conversion factor, water temperamembrane type and design executed, shall have
a different concentration. For seawater, permealieity is between 200 and 300 mg/L. To reduce
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the permeate salt content, another osmosis pagssbeurscluded, then the process shall continue to
two-stage plants.

Figure 3.11 - Two-stage RO Plant Diagram

In Figure 3.11 we can see a simplified diagram dbable pass reverse osmosis (Ol) plant. The
permeate from the first pass is increased by puregspre to 6 or 8 bar and introduced into brackish
water type RO membranes. The permeate from thenslggass will have a salt content of less than
10 mg/L. The conversion factor of the second passually very high, around 90%. The discarded
water from the second step is added to the rawvieder from the first step.

3.1.6.Electrodialysis

In electrodialysis, as opposed to RO, where watesses the membranes leaving behind a salt-
concentrated stream, what moves are the dissolakdians, which, when going through the
membranes leave a salt-free water stream, as caeelpen Figure 3.12.

When salts dissolve in water, they dissociate tmfions. lons are atomic or molecular particledwit
positive or negative electric charges. For examptenmon salt, sodium chloride, is ionized in
positively charged sodium (Na +) ions (cation) aedatively charged chloride (Cl-) ions (anion).

Figure 3.12 — Electrodialysis Process

Membranas
aniénicas

Membranas
catidnicas

© Aniones {-)
@ Cationes (+)
AGUA BRUTA e,

Under the effect of an electric field formed byigedt current, the ions will migrate in the follavg
manner: positively charged cations (Na +, Ca2 +2Mgetc.) will move toward the negative pole,
or cathode; the anions (CI- , SO42-, CO3H-, eteyatively charged, will move to the positive pole,
or anode, Figure 3.12.
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To control ionic movement in an electrodialysistut@aminar ion exchange membranes made from
cation or anion exchange resins are used. Theycalted, respectively, cationic and anionic
membranes. Cationic membranes have fixed negaltigeges in their structure (such as sulfonate
groups), that repel anions. As a result, the catiorembranes (marked in yellow in Figure 3.12) will
transfer cations, i.e., Na +, Ca2 +, Mg2 +, butarabns.

In a reciprocal manner, anionic membranes (markqurik in Figure 3.12) have in their structure
fixed positive charges (like quaternary ammoniums)p that repel cations and allow anion transfer,
for example: C| SO, HCOs..

Figure 3.12 shows the classic layout of an eleaigsis plant or "stack”, combining the elements
described above (ions, selective anionic and catimmembranes and DC electric field) to achieve
water demineralization and removed ion concentnatidhe water rejection stream.

The membranes are separated by a 1 mm spaceraribémer separator is installed, followed by a
membrane of the other type, and so on. In this marihe set named ‘pair of cells’ is composed of
the following:

v Cationic membrane.
v Cationic membrane spacer.
v Anionic membrane.
v Anionic membrane spacer.

Feed water containing the dissolved ions is punipedthe membrane set, circulating between the
cationic and anionic membranes. The system deskisltbe classic or unidirectional electrodialysis.
It is known as unidirectional because the poladibgs not change, so the ions always move in the
same direction; thus, the water compartments’ dhtanstics remain unchanged, and the
compartments will always be for demineralizatiorconcentration.

The classic unidirectional electrodialysis (ED)teys was the first process developed. However, the
unidirectional ED process experiences a numbeinofdtions that have been ameliorated with the
conception of Electrodialysis Reversal (EDR), inahhpolarity changes from time to time and cells
that were product become concentrated, and thasevire concentrates become product.

3.1.6.1.Reverse Electrodialysis

The Reverse Electrodialysis mechanism differs ftémidirectional Electrodialysis (ED) in a simple,
but very significant aspect. If a unidirectiona¢@rodialysis system, as shown in Figure 3.12, is
operated for a fixed and limited period of timer(&xample, 15 minutes), and then electric field
polarity is reversed through an automated conysiesn, operating it for an equal period of time in
the opposite direction, and so on, the systemthélh become Reverse Electrodialysis (RED).

When the current is reversed, the compartmentwiaatpreviously demineralized now becomes a
concentrate, and vice-versa. Thus, it is necesearyange the valves through which they are fed and
to collect these two flows shortly after currenteesal. It is also necessary to deviate both flates

for a period of 0.75 to 1.5 minutes to purge batimpartments before the demineralized flow begins
to manufacture the specified product.

Therefore, by operating for the same time periofiath directions, the Reversible Electrodialysis
system execution is achieved, which tends to ehlmeirnsoluble or poorly soluble substances that
would otherwise cover the membranes during therpypleversal period.
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RED is the only desalination process capable ohsuowersion, due to two inherent system
characteristics: a) RED membranes are symmettloay; operate in the same way in both directions;
and b) RED batteries have a symmetrical configomatwith concentrated and demineralized
compartments.

For a RED unit to operate, a pressurized water Iguppequired, usually between 4 and 6 bar, as
well as a direct current and a proper arrangemieifiteademineralization steps.

To save water, most of the water in the concentratepartments is recirculated. The concentrate
flow discarded is regulated by a control valvehe teed line, that controls water supply to theetb
circuit loop that replaces an equal amount of cotrege water, that is moved to rejection, as show i
Figure 3.12.

In summary, the RED process and system componentapable of long-term operation with water
containing a wide variety of mineral, colloidal microbiological components. Self-cleaning due to
polarity reversal and membrane stability combinprtwvide a long-lasting service.

3.1.6.2.Important Aspects in ED and RED

Electrodialysis is a process that can only be usddackish water with a salt concentration lower
than 8,000 mg/L. Through controlled concentratevftecirculation and other means, up to 90% of
the feed water can be recovered as product.

Electricity consumption can be roughly calculatesing a value of 0.5 Kwh per cubic meter of
pumping product, plus 0.5 Kwh per cubic meter p80Q ppm of eliminated salts.

Pretreatment is generally not necessary, as the $§&&m can treat water with a Langelier index of
+2.2 and temperatures up to 45°C without any speara. Pretreatment is recommended when iron
exceeds 0.3 ppm, and manganese and hydrogen ssfided 0.1 ppm. Silica does not interfere with
the process because is not ionized, and therdfdies not eliminate or limit water recovery. RED
units are able to operate for a long time with watéth a 5-minute SDI of approximately
15CHEMICA, thus minimizing filter use. But all thmn-ionized and suspended material contained
in raw water passes on to the product, such agtactiruses, etc.

An EDR system does not require chemicals under abaperating conditions, except in special
high-recovery situations and in the presence afwal sulfate or calcium bicarbonates. EDR systems
can tolerate calcium sulfate saturation rates otaut75% in concentrate flow without chemical
injections. The addition of antifouling and/or sul€ acid allows calcium sulfate saturation rates o
up to 400%. The chemicals are also required fologer membrane cleaning. Battery membranes
can be cleaned in three different ways:

v Continuously, through polarity reversal
v By periodic chemical cleaning (CIP System)
v' Manually: disassemble and clean membranes by meethamanual procedures.

EDR membranes are 0.5 mm wide homogeneous reidf@agmer sheets, with transfer anions and
cations fixed in certain positions and excelleabsity against chemicals and temperature. Redistan
to continuous pH values of 1 to 10 and 0.3 ppm ¢tderine, they can withstand large amounts of it
during short cleaning periods. The membranes cactifin at temperatures up to 55°C.

3.1.7.Nanofiltration
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Nanofiltration (NF), a process located betweenaifiltration (UF) and reverse osmosis, uses
semipermeable membranes with an approximate poeebsitween 0.0001 and 0.001 microns, that
is, less than one nanometer, rejecting organic catds molecular weight greater than 200 Daltons.

Nanofiltration removes water salts and involvesnaital and physical processes, being therefore
considered a desalination process, unlike Ultrafithn (UF), whose principle is physical separation
In UF, it is membrane pore size that determinesvitach extent dissolved solids, turbidity and
microorganisms are eliminated. UF is used to rent®@1 - 0.Jum particles from water, as well as
viruses.

As a distinctive feature of NF compared to the RGcpss, monovalent ions have a rejection rate
between 30 and 60%, and divalent ions between 8098/6. This difference in rejection rates
functions at a lower pressure than in RO (4 to 42 eepending on water types).

NF membranes are generally spiral wound and gdpe@inposed of polyamide as an active layer,
and polysulfone and polyester as support layergmwthe objective is to eliminate divalent salts.
There are other nanofiltration membranes on thé&etavith different active layers, such as polyvinyl
alcohol and sulfonated polysulfone, spiral woundfiguration or hollow fiber.

Nanofiltration is a very similar process to RO. tJlike RO, it requires contributing water
pretreatment to prevent membrane clogging by atdigparticles and chemical precipitation, which
causes frequent interruptions for cleaning. Theraip® scheme is exactly the same as that of a
reverse osmosis plant; the difference betweenibetocesses is that, while reverse osmosis rejects
almost all salts in equal percentage, nanofiltratitlmdamentally rejects divalent ions, and, tosaée
extent, monovalent. The advantage of nanofiltratieer RO is that it requires less energy per cubic
meter produced.

Nanofiltration is applied to brackish water, getigreor one or more of the following purposes:

v The elimination of certain divalent salts.

v' Water hardness reduction.

v' To reduce the content of anthropogenic organic enatiuch as pesticides and naturally
occurring organic matter (humic acids).

v' As a pretreatment technology in evaporation deatidin plants, with the objective of
reducing calcium sulfate content, to allow the @ase of maximum operating temperature
and prevent precipitation of these salts.

3.2.Comparison of Technologies

The use of the desalination processes presentdt iprevious items requires the use of adequate
infrastructures for the intake, pretreatment, reahaf dissolved salts, post-treatment and reject
disposal. In general, the intake infrastructure pelsimilar for any of the technologies contemguiat
with the most relevant aspects for technology $iele®eing the efficiency in converting saline wate
to drinking water, specific energy consumptionaficost of production and associated environmental
impacts.

For comparison purposes, Table 3.2 presents dataroersion efficiency, energy consumption and
the estimated cost of water production by evapagatesalination and reverse osmosis (Voutchkov,
2013 and Watson, Morin and Henthorne, 2003). Fethlermal processes, an external heat source is
required, usually from a thermal power plant, whiwhen unavailable at low cost or free of charge,
makes such processes unfeasible.
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When analyzing these data, it can be verifiedtti@teverse osmosis desalination process presents a
lower energy consumption and higher water convarsidile it has a production cost range similar

to the other processes, with a lower limit. It denreiterated that the use of the energy recovery
system results in an even lower cost range fordhierse osmosis system.

Table 3.2 — Seawater Desalination Processes Cosopari

Parameter Thermal Processes Reverse

Multiple Stages with | Multiple Vapor Osmosis
Vapor Expansion Effects Compression

Conversion Factor (Drinking 0.10-10.20 0.20-0.3b 0.40 0.45-0,55

Watel/Fee()

Thermal Energy Consumptign 95-11.0 45-6.0 NA NA

Equivalen (KWh/m3)

Electrical Energy Consumption 3.2-40 12-18 8.0-12.0 25-40

(KWh/m?®

Total Enercy Consumptio (kWh/m3) 12.7-150 57-7.8 8.0-120 25-4.0

Water Frodiction Cos (US$/m?3? 0.90-4.0C 0.70-35C| 1.00-3.5C | 0.5C-3.0C

NA — Not Applicable
a — Based on year 2013.

With basis on the information presented and comsigehat commercially there would be no other
viable process or technology available for the floate required for this project (£fa), it is
substantiated that the reverse osmosis desalinatibe most suitable process for this case.

This conclusion is confirmed when assessing théoticsl evolution of the amount of plants
contracted up to 2018, recorded in the worldwidéeSBEDATA database (Figure 3.13). In there, it
can be observed that most plants built until tiearyuse reverse osmosis technology.

Figure 3.13 — Amount of seawater desalination glanhtracted until 2018.
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In terms of quantity, there currently are 55 seawsdverse osmosis desalination plants destined for
human consumption in operation, with capacity etpalr greater than the defined flow rate for the
present project (1#s), which are distributed according to followirigact.
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Figure 3.14 — Amount of reverse osmosis desalingiiants for human consumption with flow rate geeat
than 1nd/s, in operation until 2019.

m Algeria = United Arab Emirates
= Spain m Saudi Arabia

m |srael ™ Australia

= Oman m Singapore

m USA. m Kuwait

m India = Qatar

China m Bahrain

Sourcewww.dessaldata.com

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
Fone: (85) 3101.1719Fax: (85) 3101.1860

33/2 9 E Cagece — Companhia de Agua e Esgoto do Ceara <



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

4. RO Plant Processes and Systems

In general, the processes and systems in which@rd&salination plant can be divided are the
following:

<

Intake

Chemical Pretreatment
Physical Pretreatment
Reverse Osmosis Process
Process Centrifugal Pumps
Brine Energy Recovery
Post-treatment

Storage and impulsion for product water
Brine Disposal

Auxiliary Services
Instrumentation and control
Electrical System

4.1.Intake

The main objective of a basin is to achieve the water flow needed for the desalination process
and while not affecting or minimally affecting thearine environment. In distillation processes, this
is practically the only objective, since they alm@st insensitive to differences in the qualitytioé
raw water collected. However, for reverse osmdssides the main objective, it is specified that th
water intake:

AN N NN Y U U N NN

v' Contains no suspended matter or as little as pessili;

v" Does not contain hydrocarbons, oils or fats

v/ Contains no fish, bacteria, algae, microalgae ankibn, or that their content is as small as
possible

v' Contains no dissolved organic matter (ex.. BOD5DCDOC) or as little of it as possible

v' Does not contain heavy metals, other than thoseralbt dissolved in raw water, from
industrial or other activities.

v’ Is not affected by natural phenomena, like redstide

v' Has the smallest temperature variation possiblMd®rt summer and winter.

For the design and operation of seawater RO ded@m plants, the intake performed is very
important.

4.1.1.Types of intake

Having to decide on one type of intake is an ighae usually arises in seawater desalination plants
because when it comes to desalinating brackishrialsorption is usually defined by the source
used. Brackish water sources are, in most casdks, w#though sometimes brackish water from
reservoirs or rivers is used.

On the other hand, for a seawater desalination,pllaa type of basin is usually not defined and is
decided according to the size of the facility atfteo conditions explained below.
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Possible solutions for seawater intake can be byaddided into “Open Intake” or “Well Intake”.
The best option, in terms of water quality, is tgdly the well intake, since water from wells is
naturally filtered through the soil. However, thare situations where well intake is not an option.
Open and well intake are divided into differentagp

4.1.1.1.0pen Intake:

Open intake: intake happens directly when a channel is builth@ncoast to allow direct seawater
entry into the intake pumps’ location. The mainautage of this acquisition is that it is inexpersiv
construction work, but the main disadvantage i$ tha water quality is very poor, being always
subjected to all kinds of variations that the sesy mause: waves, the entrance of suspended and
floating matter, fish, fuel, etc.

Figure 4.1 — Open Intake

Open Intake Basin with Breakwater: It is a direct intake process in which, to trystdve some of

its complications, a breakwater is built. Thisasprevent the direct effect of the swell on theinl
and the entrance of floating matter, creating atariea where partial decantation of suspende@matt
can occur. It also helps prevent the entrance sif. fHowever, to solve some of these inherent
complications, others occur. For example, theisgtthrea becomes a fish farm, since the entry of
eggs and plankton into a calm water site, welldiated by the sun, make ideal conditions for the
growth of fish and bacteria, with consequent protddor desalination processes.

Figure 4.2 — Open Intake with Breakwater

Deep Intake: deep intake is performed through an intake tooeated in areas where bathymetry is
at least 20 m. Such a site is usually far fromabast, depending on the seabed slope, between 200
and 1000 m. The water intake obtained by the Tasvearried to the shore through a pipe, and this
pipe is generally large in diameter for two fundataéreasons: the first is that intake speed is not
very high, avoiding a strong current that may attfish; and the second is for divers to pass ftijnou

to perform tube cleaning and maintenance. The entatwer is designed to prevent the entrance of
sand moved by the waves, seawater floating méyelrocarbons, oils, fats, fish and the like.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

35/295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 <



\\1\ Companhia
N a e‘ e de Agua e Esgoto
do Ceard

The tower is similar to the one shown in Figure th8s, the seawater inlet windows are far from the
seabed where the sand is. They are also situatggl@eugh in relation to the surface to prevent
floating matter from entering, such as matter ttaat be thrown into the sea by boats or any other
source. The entrance speed through the windowsasvary slow to prevent the creation of currents
that attract fish. This system does not solve @bjems, it but minimizes them and is currently the
most used for open intake. The main problem iscthet and difficulties of maritime construction
work.

Figure 4.3 — Intake Through an Intake Tower

4.1.1.2 Well Intake

This type of capture will depend solely on the ggatal characteristics of the terrain, that is, the
transmissivity coefficient of the layers that malgethe geological structure of the coast, at ttee si
where seawater intake is to be performed. Thergtoectype of well depends on the type of terrain,
which can be:

Shallow well. This type of well is only possible if the soil mnsolidated and shows high
transmissivity, which is not very common. It wasltat Lanzarote Island, where the fractured basalt
allows excavation near the sea, with almost vdrta@ls that filter a large amount of water. Only
suction pumps must be place on this well. The watef great quality, with no suspended matter and
very cheap acquisition. The problem is that thistsmn is usually impossible.
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Figure 4.4 — Shallow Well Intake

Vertical Beach Wells / BoreholesThis type of intake can be performed when theaternas good
transmissivity. It consists of the constructionveftical boreholes with depths between 50 and 100
m, which cross permeable layers and normally allake of about 100 L/s. To prevent collapse,
perforated PVC pipes or similar materials are iahticed. A submerged pump is installed in each well
that sends seawater to the plant.

Figure 4.5 - Borehole Well Intake

Improved Wells. When the objective is to capture large amountseaiwater for a large plant,
boreholes can be inefficient and complicated dut¢olarge number of wells that may need to be
installed. For this reason, we have opted for impdowells, so that each one can provide more water
flow, therefore reducing the number of wells reqdirFor this, larger diameter wells with horizontal
boreholes shall be constructed to allow greatew.fldhey represent Ranning well variants.
Construction techniques are improving a lot cufyenthus, unless land is very impermeable, it is
possible to provide this type of intake for medisiped plants.

4.2.Chemical Pretreatment
Chemical pretreatment of sea or brackish watentesy objectives:

v' To adapt water chemical characteristics to prooegsirements.
v' To contribute to the chemical precipitation of umieal salts before they reach the
membranes.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

37/2 9 E Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 ﬁ



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

v" To help in the elimination of suspended substabgeasproving the performance of physical
treatments.

v' Disinfection

v' To avoid salt precipitation inside the membranes

The need for each previous action is determineithéyguality of brackish or sea water collected, not
necessarily of obligatory use in most cases.

To perform the aforementioned actions in a RO destabn plant, the following reagents are
commonly used:

To adjust pH: sulfuric acid, sodium hydroxide

For disinfection: sodium hypochlorite

To reduce residual chlorine: sodium bisulfite, sodimetabisulphite
Coagulation: ferric chloride

Flocculation: polyelectrolyte

v Inhibition of salt precipitation: dispersants

AN N NN

In plants, dosing systems shall be installed feruke of each planned chemical.
4.3.Physical Pretreatment

The Physical pretreatment is the group of processelsided in the project to eliminate all
undissolved substances in raw water, such as de|lbiydrocarbons, microalgae, suspended matter
or floating materials through physical processesn&imes, physical and chemical pretreatments are
combined to achieve the goal. For example, coatgibe added in filtration to coagulate suspended
matter, making it more easily retainable.

The most common physical pretreatment operatiogts ar

Raw water prefiltration: rails, screen filters agedf-cleaning filters;

Flash mixing

Flocculation

Decantation

Flotation

Filtration in all its variants: multimedia (typidglsand and anthracite), pre-coating, floating
bed and cartridge filters.

v Ultrafiltration

D N NI NI N NN

The use of one or more physical pretreatments tsrmdéned by intake water characteristics and

pretreated water (water before entering RO memBjaeguirements. If a good preliminary study of

the intake area and a correct basin project obtd®n are performed, a complicated pretreatment
should not be necessary. Therefore, a plant’s &etrbpegins with the election of a type of intake

and its design.

In general, for seawater, it is recommended todhpabcesses that are performed in open or covered
gravity chambers and consider where aeration ifopeed, such as: gravity filters, chamber
coagulation or flocculation, decantation, DAF. tifis imperative, they can be installed, but it is
generally preferable to avoid these processes becthe following usually happens in these
chambers:

v' Materials entering the system, such as sand, ppjastic, etc., due to the wind or human
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action.

v Aeration of intake water through overflow when ésges from one chamber to another, for
example, or when washing with air or creating bablibr flotation.

v Exposure to solar radiation, which can be happeacty or through windows.

The first event directly contaminates water anda a®nsequence of the last two events, bacterial
growth in seawater is favored. It contains bactand food, which along with aeration and solar
radiation exposure, facilitates the growth of baateolonies, viruses, microalgae, etc. The rawewa
reaching the membranes will contain more living terathan the raw water initially captured, and
this will result in biofouling problems on the RGembranes.

4 .3.1.Prefiltration

Pre-filtration equipment is installed before tharls raw water pumps, usually consisting of rails
and / or rotary screens or self-cleaning filters.

The installation of this equipment must be dondudiclg isolation gates and spare equipment to
perform the washing and maintenance tasks withitoppsg the plant.

4.3.2.Coagulation

Coagulation is determined by the amount of coadelataterial in the raw water to be coagulated;
the resulting clots are then decanted or retainditiation processes.

Coagulation can be done with slow agitator chamberis-line with static mixers installed in the
pipe lines. Whenever possible, as already mentiaheduse of static mixers and tube coagulation is
preferable, as this type of coagulation is a clgsedess.

4.3.3.Flash mixing - flocculation

The need to install the flash mix and flocculati®determined by the amount of flocculable material
in the raw water requiring flocculation, or becatise raw water contains heavy metals that need to
be precipitated, for example, through the addiabhme or polyelectrolyte.

Flash mixing is performed in chambers with rapidets to mix the flocculant, and flocculation is
performed in chambers with slow stirrers that ftetié flake formation without breaking them, so
these flakes decant or float. If possible, onlifeedulation is recommended. If flash mixing and
flocculation must be installed in atmospheric chamshit is advisable that they are covered toasitle

reduce solar radiation exposure and possible eftmpdesirable substances.

Besides, in the case of atmospheric chambers aamebid breaking the flakes formed, the step to the
next pretreatment stage, decantation or flotatrmrst be done by gravity, not by pumping water. The
pumping would break the formed flakes, renderingitistallation of a mixing and/or flocculation
system useless.

4.3.4.Decantation

The decantation process is used when the suspendtstials, clots or flakes formed are heavy
enough so that at low speeds they can settle tbdtiem of the settling basin, being extracted from
time to time. The type of settling tank to be usad be of various shapes and models: square,aircul
with a crane and scraper, sludge recirculation, etc
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The decantation process is performed in atmospharambers which, as in Flash Mixing,
Flocculation or Coagulation, should only be useemvthere is no other alternative, and should be
covered to avoid, as much as possible, solar radiand contamination by outside materials.

4.3.5.Dissolved Air Flotation — DAF

This separation process is performed by air flotgtand its name derives from its English acronym,
DAF — Dissolved Air Flotation. It is used in caseBere raw water contains lots of floating matter
(hydrocarbons, oils or fats in a considerable arfjoomwhen intense red tides are expected.

In these cases, a floater will be installed to glate as much of the mentioned material as possible
before it engages in other operations, such asifilj, to stop them from overloading. The flotation
process is achieved by introducing air into thatio, as very fine and well distributed bubblesSeh
bubbles attach to the flakes and help them float.

From time to time a scraper passes through thasidf the water and sends the floating material to
a container, from which it is extracted by somesscpumps. Air is introduced by recirculating a
portion of the floated water, into which air isenfed in a pressurized tank (air balloon). Theis, th
water is injected into the raw water inlet all theay to the float through a special nozzle,
depressurizing and releasing air bubbles thatmalke the flakes, hydrocarbons, oils and fats ptesen
in raw water float. The floating water is extracfeaim the bottom of the floater into a clear water
tank, from where it is pumped for the next process.

If raw water contains hydrocarbons, oils, fatsloafing matter in significant quantities, it is laeise

the choice of intake area or basin design hasdfafaly in the case of intense red tides throughout
the possible intake area, which is not possiblavimd with deep intake technique, the use of DAF
treatment is mandatory.

Therefore, if DAF installation happens as a consega of hydrocarbons, oils and fats present, it is
most appropriate and beneficial to project a detgke in which these substances will not be caidct
or to change basin location.

These solutions are preferable to installing compietreatments that will increase investment and
operational costs, in addition to creating a probtaroughout the desalination plants.

If DAF installation is motivated by intense redds] it is convenient to perform deep intake so that
the cell concentration/ml is as low as possibleéhéf DAF is still necessary then, it is convenient
install a bypass, so that it can be out of serwiben there is no red tide.

In any case, if a DAF system is installed, it mhestlone inside a vessel, or at least covered t@pte
the entry of material carried by the wind and sadaiation, as already mentioned.

4.3.6.Filtration

RO membrane manufacturers request a plug rate antinance of their membranes, the Silt Density
Index (SDI), to be less than 5 over 15 minutes24@d the time. It is recommended to be less than
3.

For this reason, to install at least one filtratpme-treatment is almost inevitable, since almast n
intake water has an SDI of less than 3, or even 5.
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Only in the event that building a well intake isspible, the raw water’s SDI may be low, and even
in this case, filtration is normally installed feafety. If the groundwater evolves over time, then
filtration will be necessary.

Filtration can be done in one, two or more staglks.decision on the number of stages to be ingtalle
will depend on the amount of matter contained m ridmv water. If this amount is too large and a
single filtration stage is used in an attempt taoee it, the filters will get dirty very quickly}lawing

no washing time. In this case, it is reasonabletoove the material in two stages, so that each one
removes about 50% of the matter weight present.

If the amount of matter is small, it can be desthfue a single stage of filtration in multimedi#tdrs,
usually sand and anthracite. If the quantity isatge two stages can be installed.

The filter type can be open, also known as grawtyglosed, also called a pressure filter. Gravity
filters require intermediate pumping, since the raater pumped from the intake minimizes filter
load. In addition, they are subject to the aforetioeed problems caused by gravity chambers. For
this reason, open filters must be installed iraetl building to avoid solar radiation, thus mirzimg
bacterial growth; however, exposure to the envirentvand aeration cannot avoided, even in this
case.

There are other types of filters on the market mcl the filter layer is continuously washed, like
Dynasand or filters where the filter layer produeedragging effect of suspended matter, etc. The
use of these commercial models depends on experieacessity and whether they have advantages
over conventional filtration.

For the elimination of hydrocarbons, oils or fagwen if they have been placed in a previous
pretreatment operation, it would be necessary staihan active carbon filter that guarantees their
total elimination. The membranes cannot functionantact with these substances, not because they
degrade them, but because the membranes are impetvitheir passage. Thus, they can accumulate
within the membranes’ structure, which reducesrtaseful surface and, consequently, production.
Active carbon can be used in granular or powdeoeah f

The installation of this type of pretreatment watttivated carbon filters makes the operation much
more complicated, and therefore large seawatetidagan facilities where its use is feasible aot n
known. As was previously mentioned, the changeésmmended in the project or intake area site.

In the event that the suspended matter is almasplately very small in size, < 30 microns, or the
amount of particles in this range is high, theatation of a pre-layer filter can be studied. thwid
safely eliminate this issue, with a filter that daenregenerated in relatively easy manner. This pre
layer can be made of cellulose, diatoms or somenmahof this type. The cutting power is 15 microns
This type of filter is not currently used in larB©®© desalination plants.

4 .3.7.Ultrafiltration

Microfiltration, a precursor to ultrafiltration, wahe first membrane filtration technology. It leen
used for more than two decades for the treatmeainlynof surface water, intended for human
consumption, to eliminate and/or reduce protozazh ascryptosporidiumand giardia, turbidity,
color, algae, bacteria and, in some cases, virlislesd to particulate matter, as an alternative to
conventional physical and chemical processes.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

[ P .
4 1/29\. Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

Ultrafiltration is a membrane process located betwaicrofiltration and nanofiltration. Pore size is
generally between 0.1 and 0.001 microns, althohghhtost common way of expressing exclusion
size in ultrafiltration is the molecular cut-off igat, expressed in Daltons. The generally accepted
definition of molecular cut-off refers to the moldar weight of macromolecules such as dextran and
globular proteins, among others, which are 90%mnethby the ultrafiltration membrane.

Although the ultrafiltration membrane molecular temts are between 5,000 and 500,000 Daltons,
they are typically used in pretreatments. Theireoolar weight cut-off values range between 100,000
and 150,000 Daltons, equivalent to a pore sizeppfaimately 0.025 microns, which eliminates
macromolecules, proteins, viruses and colloidalailprotozoa, such as cryptosporidium and giardia,
as well as turbidity, color, algae and bacterke nicrofiltration membranes.

Most membranes are organic in nature, made of palignmaterials such as polysulfone, polyvinyl
fluoride, polyamide, cellulose acetate, etc. Themfigurations are generally made of capillary fébe

in different diameters, in the form of flat membeann a compact structure or cassette, and spiral
winding as well. On the other hand, there areialsmanic, multi-channel ceramic membranes, based
on zirconium oxide; they are more commonly usedrfdustrial water treatments.

Ultrafiltration can be operated in two differentdngiulic configurations, cross flow or direct floim.

the first, a tangential flow on the membrane swgfathrough concentrate recirculation, allows
polarization reduction by the concentration of mate retained in it, which normally causes loss of
flow and pressure. The collected water to be tckimi¢he system compensates for ultra filtered wate
production and losses due to deconcentration pgrgimthe second, water flow on the membrane
surface is direct or perpendicular, without anyssrfiow or recirculation. This system, also called
blind or “dead end” configuration, allows signifidaenergy savings. A short, automatic, sequential
sweep allows treated water flow to remain stable.

Ultrafiltration use in desalination reverse osmgsestreatments allows fouling to be reduced, due t
the high reduction of inorganic and organic coliicesponsible, for the most part, for the SDI L5 o
the waters to be treated, whose size range is bat@d and 10 microns.

The ultrafiltration installations shall be basigatomposed of:

Self-cleaning protection filters:to remove large particles that can clog membrapélagy fibers;
their slot size varies between 100 and 200 microns.

UF racks: contain modules with UF membranes.

Sequence backwashing systerasually, every 30 minutes of filtration and depiegdn the amount
of material to be treated, a backwash is performatth ultra filtered water, and, for some
manufacturers, with air.

CEB - Chemically Enhanced Backwashit is usually performed every 12 hours, when sffects
become more frequent. The same backwash equipreedtand is composed of ultra filtered water,
which is mixed with chemicals such as sodium hypardie, sodium hydroxide or sulfuric acid.

Chemical cleaning system (CIPCleaning in Place): it is usually performed every 30 days to
recover the membrane performance if several badkegalsave not been effective and CEB has not
been done.

Membrane integrity test: to ensure the integrity of UF membranes, so teayain effective barriers.
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This ultrafiltration technology, similar to micrdtfiation, allows optimization of the membrane

desalination project design by increasing its fltvat is, the liters per hour and per membranersqua
meter, by approximately 30%; it also provides wdtgrreverse osmosis membranes with SDI 15
values generally less than 3.

Table 4.3 summarizes the results of a study onetimeination of different microorganisms by
ultrafiltration.

Table 4.3 - Ultrafiltration Particle Elimination Asssment

Microorganism Concentration in Con(_:entr_ation in Elimination
collected water filtration (Log)
Giardia, (cysts/L) 2E+09 <1 >9
Cryptosporidium, (cysts/L) |1,5 E +09 <1 >8
Bacterophag MS2 UFP/L 5 E +0¢ 5 E +0: >4 C

The bacteriophage MS2 virus has a size of 0.027oms; which is smaller than the UF membrane
pore size. However, high elimination is achieveabbpbly due to virus adsorption by suspended
particles, membrane adsorption or secondary fitinadue to membrane fouling. There is actually a
tendency for improved MS2 removal as the membraceistation increases.

A very extended ultrafiltration configuration islme, that is, the ultra filtered water comes onder
pressure from ultrafiltration membranes, direceeding high pressure pumps leading to reverse
osmosis membranes, without breaking the load inoeage tank. Since ultra filtered water is
necessary for backwashing, a storage tank is edtalith a bypass, with an adequate volume to
meet these needs. This configuration has advantegasan operational point of view.

There are RO membrane manufacturers that also ilakeembranes, offering a complete package
with guarantees that may be interesting, whichescase of Dow Chemical, Hydranautics and Toray.

Several ultrafiltration membrane manufacturers ewltrafiltration system calculation programs
for engineers and customers, for example: Peritgje and Dow Chemical.

4.3.8.Cartridge Filtration

Cartridge filtration is a device generally requirgdreverse osmosis membrane manufacturers
prerequisites, except when in-line ultrafiltratisrinstalled as a pretreatment. To provide guaesnte
for RO membranes, manufacturers request the iastail of these filters prior to high pressure
pumping, whatever physical and chemical pretreatsnme chosen, unless the previous pretreatment
is the ultrafiltration line.

These filters consist of a container that contdhes filter cartridges. There are many types of
cartridges in the market, but as a common feattitieemn all, the length is always a multiple of 10",

and, in most of them, cartridge diameter is 63 fhe cutting power to be required is 10 microns
absolute, with a Beta ratio of 5000. The Beta Riatihe proportion of the number of particles large

than a certain size per volume unit of intake waieided by the number of particles larger than a
certain size per unit volume in filter output watkeis a measure of filtration effectiveness; t#fere,

a Beta Ratio of 5000 means an efficiency of 100-% ( 5000) = 99.98%.

4.4.The Reverse Osmosis Process
4.4.1.RO membranes
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RO membranes are classified according to sevepakts These aspects are:

v The membrane’s chemical structure, given by thdéediht chemical compositions of
commercial membranes on the market;

v' The membrane’s physical structure. The semi-pertaeattive membrane is very thin where
the Reverse Osmosis phenomenon occurs. The réds¢ eiembrane is structural. The way
this set is composed and combined establishesfteesdt physical structures of commercial
membranes;

v' The membrane’s geometry. The membrane’s commemiesentation establishes the
different geometries existent on the market.

The aromatic polyamide structure is shown in tlgufé below.

The most commonly used type, more competitive icepand performance are semipermeable
membranes with aromatic polyamide chemical strectwith an asymmetric and composite physical
structure and spiral wound geometric configuration.

The structure of the aromatic polyamide is showtheFigure below.

Figure 4.6 — Aromatic Polyamide Structure
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Today, asymmetric membranes are used commercifitye membrane is granted a cross section,
two different layers shall be found: the semiperohedayer itself, which is where salt rejection
occurs, and a porous layer that works as a subsstgiport, whose only mission is to promote
mechanical resistance and let water pass throutjhitwidissolved salts with the least pressure loss
possible. See figure below:

Figure 4.7 — Asymmetric Membrane
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This structure type is very convenient, becausadtive layer thickness is small, in the order @@

to 2000 A; thus, the flow, which is inversely profanal to the thickness, can be very large. Tlse re
of the membrane is the substrate, that works asigddysupport. The large pores on this layer make
the water passage resistance small.
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Polymer membranes do not allow the generation adsymmetric structure with a single material,

as happens with cellulose acetate membranes. Dhnerefo obtain a membrane with these

characteristics, two types of membranes are joinad:is the active layer of the chosen polymeric
material and the other has an asymmetric poroustste, with increased porosity in one extremity
and that acts as a physical support. These aedimposite Membranes. The set possibilities for the
active and support layer are:

v By direct polymerization of the semipermeable padyiim the support membrane;
v" Through chemical bonds that are established bettirmemolecules of both layers. This is the
crosslinked model.

The active layer deposited in the substrate is26 @/nf. See the Figure below.

Figure 4.8 — Composite Membrane
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| MEMBRANA COMPUESTA

The geometry of spiral-wound membranes is explaibetbw. To manufacture spiral-wound
membranes, the membrane envelopes are formeddipda flat membrane over itself and leaving
a spacer inside, so that the inner walls remaiars¢g and one side does not stick to the other.

This envelope has three of its four sides sealbd.open side of the membrane envelope is attached
to a perforated tube and a spacer is placed betexssy two envelopes so that their sides are not in
contact. This whole set is rolled up in the tulleyst generating a spiral-wound membrane. The
described process is shown in the following figures

v" Flat membrane fold over itself, with the spacecpthbetween folds.

Figure 4.9 - Step 1. Spiral rolling (source: théhau)

v' Envelope formed with three sealed sides, with tierior spacer that unites the permeate

water collection tube.
v
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Figure 4.10 - Step 2. Spiral wounding (source:ator)
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v' The open side of the envelope sticks to the peddraube, leaving the perforations on the
envelope.

Figure 4.11 - Step 3. Spiral wounding (source:ahthor)

If several envelopes are made like the one prelyiousntioned, adhering to the tube for which the
most longitudinal perforations were made, one pgelpe, also putting some spacers between each
envelope, finally, the whole set will be rolledarthe tube, as shown in the Figure below. In trag,w

a spiral-wound membrane configuration is achieved.

Figure 4.12 — Spiral-wound Membrane (Toray couftesy
@ SU-SERIES ELEMENT

o
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This is the format used by the leading membraneufaaturers and is installed in most Reverse
Osmosis plants in the world. The main reason fer whdespread acceptance is a very compact
configuration in which the ratio betweert of active surface perthof membrane volume is high. In
addition, all manufacturers have adopted equal d#oas for the membrane, which allows easy
interchangeability.
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The spiral-wound membranes have standard dimensiihsa diameter between 2.5”, 4” and 8”,
and a length of 1 meter. Currently there are al®onkembranes with a 16-inch diameter and with a
one-meter length, although only commercially insthin a few plants.

4.4.2.Pressure Tubes

In a desalination plant, all membranes are instatiside a container that is able to withstandsares

and has inlet and outlet ports for different cutsemaw water, brine and permeate water. This
container is called a pressure tube. Pressuresiabeind shape differ depending on the membrane’s
physical configuration.

This section will refer exclusively to the presstubes used for spiral-wound membranes; they are
the most common and offer more suppliers and tujess that meet the objective, presenting
interesting variations.

The pressure tubes are made of polyester reinforstrd fiberglass and, to withstand high feed
pressures, have an internal stainless steel mdsth wever comes into contact with the water. The
pressure tube dimensions correspond to the mensdinensions that they must contain. Thus,
there are pressure tubes of 2.5”, 4” and 8” in di&an with lengths varying from one meter, to conta
one membrane, and up to eight meters, to contato @mght membrane series. There are different
manufacturers of these elements. Among the bestrikiaoe Protec Arisawa, Bekaert, Bel Composite
and the membrane manufacturers themselves.

When the membrane physical configuration is difiéréhan spiral-wound, the manufacturers
themselves supply the membranes already installétukeir pressure tubes. This is because, in other
configurations, there is no standardization of memé dimensions, and so that each manufacturer
has its own special systems to process raw wa@ove brine and the product, requiring a tube that
is special and specific to each one of them, aedehube manufacturers cannot be found on the
market.

Figure 4.13 — Pressure tube section with interrexhbbranes

If a pressure tube is longitudinally sectionedeacdto connect the central membranes’ tube, where
permeate water circulates with the outside canldsered in each extremity (see previous figure),
as well as areas for raw water inlet at one endbaimé discharge at the other. In the Figure, seven
installed membranes can be seen in the tube, atwlede each of them there must be an
interconnector or a connection system, so thaetlsecontinuity in the permeate central tube.

In the first pressure tubes, the raw water inlet bBrine outlet were frontal, that is, they came out
through ports located in the end head, as wehapérmeate.
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Figure 4.14 — Front Connection Pressure Vessel
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In the next figure we can see a seawater pressheg Wwith an outlet head and front inlet.

Subsequently, pressure tubes with a raw water aridtside outlet of brine were invented, which
offered advantages when designing the frame, ragwspaces and the need for interconnection tubes.

Figure 4.15 - Pressure Vessel with Lateral Conasst{Source: CodeLine, Protec Arisawa courtesy)
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In the previous Figure, a seawater pressure vestfeside and end ports can be found.

The last system developed is the connection ofwater inlet and brine outlet pipes, to a maximum
of five pipes, which saves a lot of interconnectmiping material, even though it implies rack
construction to be made with great precision so ttie pipes coincide and can be connected. The
pipe heads acts as a distribution pipes for tHeviahg:

Figure 4.16 - Multiport Pressure Vessel (Sourcea@et courtesy)

MULTIPLE PORT DIAGRAM
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Another aspect of the pressure vessels that hasitmpeoved is its opening and closing system, in
order to facilitate maintenance.
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4.5.Process Centrifugal Pumps

The pumps are an essential part of a desalinagisters, so it is important to correctly assess and
specify them so that the installation's operatiorets the proposed Objectives. A general
classification of the existing pump types is shawthe Figure below.

Figure 4.17 — Types of pumps
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The most widely used pumps in large desalinatiantgl are centrifugal pumps, which can be
classified according to their configuration: hontal, vertical and submerged pumps.

Likewise, multistage or horizontal multistage cdngal pumps can be classified, depending on their
construction: split-case or end-suction. Below pwnp types classified according to different
criteria.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

[ < .
49/29\. Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 <



-‘&Cagec T e

do Ceard

Table 4.4 — Centrifugal Pumps Classified Accordmyarious Criteria

CLASSIFICATION
CRITERIA TYPE OF PUMP CHARACTERISTICS
The flow enters the impeller along the axis throtlgghsuction inlet and
exits radially towards the shaft. Radial impelldrat can be open, closed
Radial flow or semi-open are used. This type of pump is useditep fluids to
medium/high heights. In some types of suction pyripsflow also
exits radially.
Flow direction The flow enters the impeller axially and exits miatermediate manner
Mixed flow in a radial and axial direction. Radial impellers ased, and can be
opened or closed. These pumps are used to diesfibthi to medium
heights
. The fluid enters and leaves the impeller axiallgey are used to pump
Axial flow :
large flows tclow heights
The vanes are free on both sides and are helctbgtaal ring through
Open impeller which the fluid enters. They perform poorly and streicturally weak,
bui are suitabldo pump liquids with coar: suspended mter.
The vanes are free on one side and fixed to a ptathe other. They arg
Semi-open impellen] suitable for pumping viscous fluids. They have tgeeesistance to
Impeller . . ~ .
abrasiorthan closed impellers and greater stability thaenompellers
The impeller is formed by two plates that surrotimelvanes. The flow
Closed impeller moves from the eye, where it enters the rotor'phery; this flow is
better oriented and the performance is higherjtbubrks only for clean
fluids.
Single suctio They have a single suction orif
Suction _ It has_a single fluid i_nlet that i_s divided in tmmove each flow to a rotof.
Double suction | Both impellers are installed in parallel, delivgyithe same pressure ahd
working with half of the total pump flo\.
Sln_gle stage or They have a single impeller
single ste
Number of stages They have two or more impellers working in serggsthe discharge from
Multistage or one feeds the next. The total pressure heightesstim of the pressufe
multistep heights gained in each of the impellers. They aedufor high pressurg
pumping
Horizontal pump | They are themost common and applicable to a multitude of ses
Not submerged, used to save st
Pump position Vertical pumps ;I'he‘impellers are submerged, but the motor andlowsgare above fluig
eve
Submerged pumps  The pump and the motor are bothesgled in the fluid.

Considering all possible pump types, the followang generally used at the desalination plants:

v Positive displacement pump, alternative diaphragingle or multiple, mechanically operated
to dose chemicals.

v' Pumps with positive displacement, rotary systemglsi rotor, screw, for sludge extraction
from decanters or for the dosing of solid reagesush as lime or calcium hydroxide, from
storage silos.

v Centrifugal pumps (horizontal, vertical, submergait-case or end-suction for the pumping
service needed to collect raw water.

v Centrifugal horizontal single stage pumps, singletisn and radial impeller, for intermediate
pumping services, backwash filter pumping, membEremical cleaning and displacement
pumping, chemical transfer pumps, settled water ggyneffluent neutralization pumps,
discharge pumps, recirculation pumps and secopdfesel pumps. They can also be used to
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conduct product water outdoors if discharge pressulow.
4.6. Multistage horizontal centrifugal pumps with singlection and split-case or end-suction, for
high-pressure pumping and product water boostingcss, if discharge pressure is high.

4.7.Energy Recovery Systems

Energy recovery systems for brine have evolved tiveryears, increasing energy efficiency. The
most common systems are the following:

v Inverted pump or Francis turbine
v Pelton Turbine

v" Pressure Exchange System

v Turbocharger

4.7.1.Reverse Pump and Pelton Turbine

The reverse pump, which in fact is a Francis twehivas the first system used to recover brine gnerg
Its yield is low, around 75%, and to avoid cavdatit is necessary to release some pressure (around
1 bar) at the brine outlet.

The Pelton Turbine, the next system used to recavergy, is more efficient than the Francis turbine
(88%) and its brine discharge happens by gravity.

The inverted pump has been abandoned since thenRetbine began to be used, since the latter is
more suitable in terms of recovery performanceiandstment costs.

The manner in which both systems supply energys@alyed in Figure 4.18.
Figure 4.18 - Brine Energy Recovery System by Thebin an RO Plant

MOTOR TURBINA DE

BOMBA A.P.

In both cases, the electric motor has a doublé getf which on the one hand, joins the high-press
pump that feeds the seawater sent to the membrameéshe other end, the energy recovery turbine.
With this configuration, the energy that the matarst supply is the difference between the energy
demanded by the high-pressure pump and the enecgyeared by the turbine.

4.7.2.Pressure Exchange Systems

Currently, new energy recovery systems, the "PredSkchange Systems" (PES), have emerged. To
understand in a simple manner how this equipmenitsy@ can be said that just like heat exchangers
exchange heat between two flows, Pressure Exch@ggems exchanges pressure between two
streams of water. On the one hand, the brine eatdrigh pressure; on the other, seawater comes in
at low pressure. The pressures are exchangedhartarine exits at low pressure, and seawater at
high pressure. The pressure is exchanged througtaatowith both flows. In this way, the brine
pressurizes the entering seawater. Currently, therd®ES manufacturers with proven solvency for
brine energy recovery in RO desalination plants.

The system configuration is different from thafFo&ncis or Pelton turbines, but the overall efficig
of energy recovery is greater. The setting is showthe Figure below.
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Figure 4.19 - Brine energy recovery system with PES
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As can be seen in the previous Figure, part osdavater is pumped to the membranes by a high-
pressure pump, while the other part is sent tdPB8, where it is placed in contact with the brine
exiting the membranes, which is what transfersetiergy.

The seawater at the PES outlet is at high presbutenot enough for it to enter the membranes
directly; thus, its pressure is increased by acatation pump and it is later introduced into khgh-
pressure pump discharge area, so the contenttamntlee membranes together. This produces the
Reverse Osmosis phenomenon. The brine must lea@EB with an estimate minimum pressure of
1 bar.

4.7.3.Turbocharger

The Turbocharger is a pump and a Pelton turbineateatightly joined and specially designed for
this. Its rotation speed is generally very hightha order of 8,000 rpm., in order to achieve ahig
performance and keep the equipment small.

Figure 4.20 - Turbocharger (FEDCO courtesy)
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4.8. Permeate Water Post-treatment

The permeate water at the membrane outlets isw@rglanced; it contains sodium chloride almost
exclusively, which makes its pH acidic, Langeliedéx negative and contributes with some strongly
corrosive characteristics.

Although the permeate water from the membranes eaguitable for direct use in some industrial
processes, in general, is not proper for many atkes, such as human consumption and agriculture,
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since it lacks hardness and is very aggressive.tthisrreason, a post-treatment process for the
permeate water is usually done to add the missimgenal salts (calcium, magnesium and

bicarbonate), thus balancing it and making it $léafor use. The reasons for post-treatment
application in permeate water can be summarized in:

v' Water adaptation to the country's Health Regulation
v" To avoid corrosion in the distribution pipes
v" To adapt the water for the service in which it Ebalused

4.8.1.Post-treatment processes
There are many processes to treat permeate waterigathe most common, one can find:

v Blending with water from other sources

v' COz and lime or calcium hydroxide dosing

v' CO dosing and treatment in calcite or dolomite beds
v Disinfection

v Fluoride dosing

In the following sections, the previous post-treattnprocesses are explained.
4.8.1.1.Blending

In this process, the permeate water that leavesémbranes is mixed with water from other sources
so that the resulting mixture improves the charéttes of both. If only the dissolved solids cantte

is considered and the permeate water has a carftéd0 mg/L, the water from the other source, or
brackish, to be mixed with the permeate, has ablisd solids concentration of 2,500 mg/L, it would
not be suitable water for human consumption, adgagrtb many Regulations and Standards. If we
mix 5 n of permeate water with 1%wof brackish water, we will have 6%of 625 mg/L mixture
water, which is suitable for consumption. This saltance must be done with all the salts that make
up brackish and permeate water, to know what veaterposition will result from the mixing. Carbon
balance must also be established to calculate tkieine's pH, the Langelier index, alkalinity and
hardness.

To be able to execute this type of post-treatmiéns, necessary to know the composition of the
brackish water to be used very well, as this cputivide salts that, even after mixing, may exceed
the Regulations. It is also possible that compoumraisallowed by the regulations exist, and, in this
case, they cannot be used for this purpose.

Water from other sources may also contribute wabtéria and viruses in such quantities that, even
after mixing, exceed the regulatory limits estdi@id.

For all these reasons, it is necessary to knoveconeposition of "brackish” water very well before
mixing and establishing the mixing ratio, to aveikteeding any established guiding parameters.

If the water to be mixed with the permeate is alyeased in the supply, the problem is reduced,
because if the water meets the standard, it vlillsgtrve its purposes even better after mixing.

This post-treatment class is relatively common rackish water desalination plants. It mixes
permeate water with a small amount of raw watettain a post-treatment water that complies with
the existing regulation. This is not possible feawater desalination plants, although product water
from RO plants goes to a water supply service rieives water from other sources. If mixing can
be performed, there must be adequate knowleddeeatater quality from other sources.
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If it is intended to use mixing as a post-treatm#rd appropriate mechanisms must also be provided
to perform adequate homogenization, thus, guarargt@emixture with uniform quality.

4.8.1.2.CO; and lime or calcium hydroxide dosage

The lime or calcium hydroxide dosage shall be #mesas the quicklime or lime oxide measurements,

which must previously be dissolved, resulting ie thydrolyzing reaction that produces calcium
hydroxide.

CaO +H,0 - Ca(OH), +calor

The advantage of using calcium hydroxide in congoeriwith lime is that the former prevents its
dissolution with the consequent release of heat.

The reaction of calcium hydroxide with carbon dais as follows:

2CO, +Ca(OH), — (CO,H),Ca

With this dosage, lime content and hardness, bacete content and alkalinity of the resulting water
are increased. The amount of reagents to be ader@iswill depend on the objective and quality to
be achieved, if it is a matter of minimum hardnessgrtain alkalinity value, a final pH within auge
and/or a concrete Langelier Index. If €@nd Ca(OH) are dosed in stoichiometric quantities,
according to the previous reaction, the resultsigally an encrusting water with very high pH. To
decrease the Langelier index and pH, a little n@@emust be added. Chemical balance and species
calculations must be performed to determine @&ses, according to the curve shown in Figure,5.21
below.

Figure 4.21 — Carbonic Balance Curves (Dow Chentioattesy)
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4.8.1.3.CO, dosage and treatment with calcite or dolomite beds

The difference between calcite and dolomite ishim ¢content of calcium carbonate salts in each. In
dolomite, the calcium carbonate content is betw®@¥ and 60%, and the rest is magnesium
carbonate. In calcite, the calcium carbonate cangesver 99%, that is, all carbonates are in cafci
carbonate form. Both forms have a carbonate cowntfiembre than 99%.

The calcite reaction is as follows:

CO, +CaCO, +H,0 - Ca(CO,H),
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The dolomite reaction is as follows:

2CO, +CaCO, +MgCO, +2H,0 - Ca(CO,H), +Mg(CO,H),

In both cases, a GOnolecule is needed for each bicarbonate moleaakigm or magnesium)
formed. However, considering the reaction with iatthydroxide in the previous section, it can be
found that two C®@ molecules are needed for each calcium bicarbormaikecule formed. It
demonstrates that more carbon dioxide is needadhi@ve the same results if calcium hydroxide is
used, rather than dolomites or calcites.

As it is with lime, the use of calcite or dolomigth CO. causes an increase in calcium and
magnesium content (for dolomites), therefore, iasieg water hardness, bicarbonate content and
alkalinity after dosing.

The amount of reagents to be dosed will dependhemtality objective to be achieved.

With treatment in calcite or dolomite beds, the gelier index that can be achieved is negative, but
very close to zero. To achieve total balance (Laagkdex equal to zero), an infinite contact time
would be necessary. If, according to the Regulatiba Langelier Index is zero or positive, it is
necessary to add an amount of sodium hydroxideegaviater after treatment, after the 8fdsage
and passage through the beds.

4.8.1.4 Disinfection

The water leaving the membranes, that is, the peteneater, does not contain bacteria or viruses,
since the membranes are a complete barrier foeba@&nd almost that for viruses. However, it can
be contaminated through contact with the atmosplegreipment and pipes located after the RO
system. For this reason, to protect water fromammation after passing through the RO system in
the desalination plant and distribution networlaltreregulations establish a disinfectant dosage fo
the water, before it is sent to the supply.

The usual disinfectants are chlorine, ozone, chiaras, etc.

The following can be added to chlorine disinfectisndium hypochlorite, calcium hypochlorite,
chlorine gas and/or chlorine dioxide.

In general, the most common products used to @isira water supply in the present location will be
used.

4.8.1.5 Fluoride Dosage

Sometimes drinking water regulations establish@mum fluoride content. If this is the case in the
country or area where the desalination plant iwllexl, the dosage of a chemical reagent containing
fluoride, such as calcium fluoride, a water prodocthuman consumption, shall be included.

4.9.Product Water Storage and Pumping

At a desalination plant facility, a product watdéorage tank must be provided, in addition to
equipment to pump it into the supply system. Tloeagfe capacity does not have to be very large; a
retention time of 5 minutes it may be sufficierdthaugh it depends on the needs of each project.
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The product water pumps are generally horizontaltrifagal pumps with flow regulation by
frequency variator or a control valve on the drifehey are designed with the same capacity as an
RO production line, and there are as many pump¥alnes, they do not require flow regulation.

4.10.Brine Discharge

In seawater desalination plants, the brine produtéie desalination process is returned to the sea

The impact produced by the brine resulting fromt@€hnology on seawater is an increase in salinity
in a given area. There is no increase in temperatith the discharge.

An adequate brine discharge system must be desigmeder to minimize the environmental impact
of brine in the sea and avoid its recirculationtfed consumption of desalination water.

There must be good knowledge of the area wherdisicharge is shall be done. The coast dynamics,
waves, tides, currents, winds and the bathymetth@farea must be well known. In the same way,
and in order to monitor possible effects on theremvnent, it is necessary to raise the baselira, th
is, to identify the existing marine species, abumtga tendency, benthic species, etc. All of this
information will be used to design the dischargecpss and compare, as soon as the plant is
commissioned, the initial situation before andratfte discharge.

In addition, a study of the brine dispersion lamghe sea must be carried out, in different hypsés,
to determine the area affected by increased salinit

4.10.1.Brine Dispersion Studies

Brine dispersion can be defined as a mixing protesisoccurs in two different regions: the "near
field" determined by the difference in density ahd diffusion, and the "far field", determined by
environmental conditions, such as ocean currerases; wind and temperature. To categorize these
phenomena, calculation programs that include enmental, discharge flow, brine salinity,
temperature and current data, among others, shalbéd. In this manner, brine level and its exgkcte
concentration at each spot can be predicted.

These programs differ from each other, but the raogable are those that consider the following
factors, at least:

<

Density difference between the brine and receieingronment

Effect of temperature

Saline diffusion

Saline dispersion

Tides

Wind

Bathymetry

Coastal shape

Effect of the osmotic pressure difference betwéenbrine and the marine environment

AN N N N NN

The parameters that may vary in the Model and deter the discharge project are:

v Discharge site position
v' Diffuser outlets: number, height, distance from tmanother, speed and angle of exit.

4.10.2.Brine Discharge Classification
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Brine discharge can be classified in accordanclke thi discharge site:

v Direct surface discharge
v Direct submerged discharge in the coastline
v Discharge through a submerged multiport diffusefatiu

If protected species are detected in the areatatfdyy salt water discharge that are sensitive staw
salinity increase, a seawater dilution process |s® gossible, although it is not a common
requirement.

Direct surface discharge is the oldest type andusas in old distillation desalination plants.

Direct submerged discharge on the coast is a \tanfatihe previous one, which allows the use of
diffusers to accelerate the mixing process withwseer. It also avoids the visual impact of a
superficial discharge.

Submerged discharge by submarine outfall is cugréiné most common type of brine discharge. It
is ideal especially for large plants, since thedfiow rate is also high and it is necessary suen
that the mixture occurs as soon as possible, aadieérse effect. It also allows the discharge to be
directed to the point where a lesser impact willppeduced, also making it easier to avoid brine
recirculation to the basin, which is another obyecto be taken into account in the design.

4.11.Complementary services

The typical complementary services of an RO deattin plant are described below.

4.11.1.RO Membrane Chemical Cleaning Equipment

The RO membrane chemical cleaning equipment isrgipeomposed of the following elements:

A deposit to prepare chemical cleaning solution.

Resistance when heating chemical cleaning solutions

Agitator

Pumps to circulate the cleaning solution throughréverse osmosis racks.
Cartridge filters

v Cleaning circuit

AN NN

A chemical cleaning of the RO membranes is perfdrmieen:

v They suffer incrustation (detected by an increas#harge loss or a decrease in the production
flow)
v’ After a long period of plant shutdown or as parthef scheduled maintenance program.

The membranes are exposed to two types of dirt ueatlly occur simultaneously. One is the
incrustation that is produced by deposits on thenbranes’ surface, which causes a loss in active
surface and, consequently, the need for greatdrdesssure to maintain the conversion, or the same
product flow. Another type of incrustation is due deposits in the membrane separator. This
produces an increase in pressure loss for the gesgasea water, along the pressure pipe. As a
consequence, the need to increase the supply peemsses, in order to maintain product flow and
prevent performance loss. Both can be associatdaniincrease in the passage of salts, although,
if the case is very important, it is usually dueatdegradation of the active membrane surface, and
the only solution will be to exchange it.
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Therefore, both types of fouling cause an identiearease in the water flow produced and a loss in
permeate water quality.

When the differential pressure between the feel@band the rejection from a rack increases between
10% and 15%, the water flow decreases anywhereeleetvi0% to 15%, and/or salt rejection
decreases between 10 to 15%. In such cases, dvisabdle perform a chemical cleaning of the
membrane structure.

The chemical to be used to perform the chemicanetey will depend on the type of contamination
and its cause: salt deposition, metal oxides, battgrowth or others.

Possible types of membrane contamination detecgtechbnges in differential pressure (seawater
inlet pressure minus brine outlet pressure), faedgure and salt passage are described in the Table

below.

Table 4.5 — Types of Contamination and Effects @ NRembrane Performance

TYPE OF POSSIBLE DIF?IIEGRI\IIESI\IEI'I\IIAL SIGNS IN THE SISL\ILSTlN
CONTAMINATION LOCATION PRESSURE PRESSURE FEED PASSAGE
Eﬂjt?\llio?r?es (ex: Fe, Mn, First elements Rapid increase Rapid increase Rapidase
CO.”O'dal _foullng (organiq First elements Gradual increase Gradual increase| ight$hcrease

or inorganic)

Mineral  incrustations (ext Last elements Moderate increase Rapid increase Marked

Ca, Mg, Ba, Si increas

Polymerized Silica Last elements Normal to incrdaselncreased !\lormal to

increase

Biological fouling Normally in- first Marked increase Marked increase !\lormal 0
element increase

Organic fouling All element: Gradual increa: Increasd Decreasd

Oxidant damage (ex: CI"AII elements Normal to decreased Decreased Incdease

ozore, KMnO4)

Eadr;c:%f)ls damage (OUtS'deAII elements Normal to decreased Decreased Incdease

}?r?erils'e(;g damage (carbonA” elements Normal to decreased Decreased Incdease

Interconnector leal Randon Normal to decreas: | Normal to decreas:t | Increasd

4.11.2.Displacement Equipment
O equipment de displacement das RO membranes ésajigrcomposed of the following elements:

v' Permeate water deposit

v' Pumps to circulate displaced water through the reev@smosis racks and high-pressure
equipment

v Displacement circuit

Displacement shall be performed whenever therg®nged stop in any of the Reverse Osmosis
lines. With this equipment, seawater and brineldsgment with permeate water shall be carried out
on: high pressure pumps, recirculation pumps, pressxchange systems, pipes, pressure pipes and
membranes.

If the rinse is not performed, the pumping equiptmand pipes can suffer corrosion and the
membranes can undergo precipitations that can cagiséicant damage.

5829t

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 <



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

The permeate water destined for this process bbaihken from a service water tank that contains
permeate water, which must be periodically renewed.

4.11.3.Multimedia Filter Washing Equipment

Multimedia filter backwashing is usually done witlater and air. The backwash water can be of
three types: raw sea water, filtered sea waterioeb

Depending on the option chosen, one project orhemas carried out. It must be considered that if
the filters are washed with brine, a seawater daphent stage from the filter brine and pipes is
necessary after the wash.

The filter backwashing equipment normally considtthe following items:

v' Centrifugal backwashing pumps: the flow rate ofsth@umps will depend on the flushing
speed needed, head loss and the circuit's geonmeiigt.

v Blowers

v Set of automatic valves in the filters for automatashing.

v" Circuits for water wash, air wash and displacement.

4.11.4.Vacuum Equipment for Pump Priming

When the collection pumps are mounted with vacuucti@n, it is necessary to install priming
equipment, which ensures that air that could cassatation does not enter. There is also the
possibility to acquire self-priming pumps, eachhaatsmall vacuum equipment.

4.11.5.Chemical Cleaning Effluent Neutralization Equipment

The water used to wash RO or UF membranes, asaweliher chemical effluents, can
be basic, acidic or contain residual chlorine; ¢ffiene, it will need to be neutralized (for
example, with sulfuric acid, sodium hydroxide od&mn bisulfite) before it is mixed with
brine to be transported to the brine collector.

The chemical cleaning equipment for effluent ndidagion consists of the following:

v" Neutralization tank

v' Dosage of neutralizing reagents

v Agitation system

v Neutralized water transport to brine discharge

4.11.6.Filter Backwash Water Treatment Equipment

The filter washing water can be mixed with brinel® discharged into the sea, provided that
environmental regulations and licenses are respextéhe water is treated in a filter washing water
treatment system. This system normally consisteefollowing equipment:

v Settling tank

v Sludge extraction pumps

v Sludge dryer

v Sludge evacuation container

v/ System to transport sedimented water to the biisehdrge

4.11.7.Instruments and Services Air Equipment
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Desalination plants usually install air compressemuipment for instruments and services. This
equipment is typically composed of:

<

Air suction muffler filters.

Vacuum regulating valves.

Compressors (ex.: rotary screw).

Oil filters

Air/oil separators

Minimum pressure valves

Fans to cool air

Air/water separators with electronic purge valve

Refrigerated compressor dryers

Coalescing pre-filters with electronic purge valve

Post filters with electronic purge valve

Compressed air tank with electronic purge valve

Silent cabin

Control and monitoring system

Accessories required for the connection of thesmehts

Compressed air circuit consisting of a network ues and accessories usually made of
copper or galvanized steel, with connection paitiggributed throughout the plant.
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4.11.8.Service Water Equipment

In desalination plants, a service water equipmenisually installed. This equipment is typically
composed of a pressure group and a service wateitci

The pressure group typically consists of a pregsedraccumulator tank and multicellular pumps in
AISI 316L steel.

The service water circuit consists of a networlpipies and connections distributed throughout the
plant, usually PP or HDPE.

4.11.9.Cranes and Lifting Elements

For equipment maintenance tasks, there are cramesvanches that can be electric or manual.
Usually, at least one overhead crane is installethé Process Room, for maintenance of high-
pressure and recirculation pumps, another in ttekéhRoom for intake pumps maintenance and a
last for the maintenance of product water pumpt) sufficient power to lift the heaviest part oéth
group, which is the engine.

4.11.10.Security Systems

In the chemical reagent area, eye wash stationd bmisnstalled in accordance with current
regulations.

According to the safety and health study, the rrgsequipment must be available for the safe plant
operation.

4.11.11 Fire Fighting System

Fire systems in desalination plants typically cengif central monitoring and detection system
control. This panel contains different manual bostcalarm bells and detectors connected to it. The
latter are of the appropriate type, according sx@ment and the quality to be monitored (smoke,
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gases, flames or heat), to guarantee maximum dSpetb@ detection of a possible fire. The plant
controls the various areas or sectors in whichas wivided, including seawater intake. It is also
linked to the plant's distributed control system.

For the rest of the installation, the fire systesnusually composed of fixed fire extinguishers,
strategically located on the premises and complésdenith portable fire extinguishers in sufficient
guantity and quality to attack the fires that cotalkle place, following applicable regulation.

4.11.12 Ventilation, heating and air-conditioning systems

A desalination plant must be equipped with ventlat heating and air conditioning systems
necessary to ensure safety, compliance with agpéaagulations and its proper operation.

4.11.13 Workshops, warehouses, offices, laboratories

Desalination plants usually have a workshop for meeal issues and another for electricity and
instrumentation, equipped with compressed air Aeddols and instruments necessary for adequate
preventive maintenance of the installation; warelesufor spare parts and storage of chemicals; an
administrative building with a desalination planhtrol room, offices, changing rooms, bathrooms,
a casino, meeting rooms and a laboratory with egeid and instruments necessary for the correct
guality control of seawater, permeate and prodatew

4.12.Instrumentation and Control
4.12.1.Instrumentation

In desalination plants, the installation of fieleeasurement instruments is necessary to enable the
startup, operation, shutdown, control, equipmergestision and inherent processes. It is also
necessary to install instruments that inform eq@ipnstatus, to perform their maintenance and ensure
their compliance with environmental regulations.¥imeasurements made by these instruments are
monitored and recorded in the desalination plasdigrol system. Thus, many of the field measuring
instruments, aside from local data, provide theesponding signal to the control system.

The instruments typically installed in a desalioatplant are the following:

v" Flow measurement instrumentation

Pressure measurement instrumentation

Level measurement instrumentation

Temperature measurement instrumentation

Level floats, contact switches and pressure swiche
Analytical instrumentation

» For turbidity measurements

» For conductivity measurements

* For pH measurements

* For Redox potential, ORP measurements

» For chlorine measurements

» Others: hydrocarbon meters, hardness meters, sdiaEent meters, etc.
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4.12.2.Control System

The desalination plant’s operation, supervision ematrol are carried out remotely from its control
room, through the control system.
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The control system includes all software, licenB&¢3S (distributed control system) and HMI (human
machine interface) equipment, system inputs anputsitand all necessary devices, accessories and
auxiliary equipment, as well as programming for timerect operation and maintenance of the
desalination plant.

The objectives of a control system in a desalimapiant are:

v" To ensure the correct automatic operation of thatpthrough a centralized process control
in real time.

To ensure that information is obtained from allqasses.

To ensure proper equipment maintenance.

To ensure compliance with environmental requiresient

To control all processes from a single point ancead time.

v" To enable a high desalination plant availability.

v
v
v
v

There are basically two control systems option wéntralized supervision currently in use:

v’ Distributed Control System.
v PLCs + SCADA

Distributed Control Systems (DCS) are typicallytaiied in large-capacity desalination plants, which
handle a large number of signals.

The Distributed Control System (DCS) includes tb#ofving functions: data acquisition, PID
control, discrete control, open and closed loograbsystems, human-machine interface (system and
subsystem graphics), manual and automatic operatiarms, interlocks , drives, event logging and
sequential events, trend curves, management reggatem diagnostics and their visualization and
different security levels for password access éovdrious system functions.

A Distributed Control System is composed of:

v/ Operation and engineering stations (Operation, Sigien and Control): includes hardware,
software and necessary licenses for computersgise®Cs and printers.

v Management data communication network: this netwprkvides the exchange of
information between the operating and engineeratposs and the servers between them and
the process controllers.

v" Process controllers.

v' Process data communication network: this networkvides communication between
controllers and I/O cabinets.

v Cabinets to house the devices and cards need&d@®foommunication, local and remote.

v Field network: this network connects the 1/O calsneith desalination plant instruments and
equipment.

v' Wiring, troughs, etc.

4.13.Electrical System

Electricity consumers at a desalination plant &y diverse, from lighting to air conditioning, oes

and control systems; large consumers, such asgmggsure pumps, and small consumers, such as
metering pumps; continuous consumers, occasiomaurners, etc. To make a correct draft of the
Electrical System and estimate the desalinationtjsl@lectrical consumption, it is necessary tokno

all of them.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

[ P .
62/29\. Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

The different voltage levels that must be availabléhe desalination plant for different consumers
must be established.

For the Electrical System project, the followingshbe determined:

v' Total installed power: the sum of all unit consumiesstalled by the nominal power.

v' Power at full load: when more energy is being camsai at the desalination plant, consumers
in simultaneous operation and the sum of the umitgperation are considered for the power
to be installed.

With this calculation, it is possible to know thewer to be contracted, that shall be equal to the
maximum load power. If it is in kW, it shall be died by the power factor, and the power shall be
provided in KVA.

There will be moments of greater energy consumpsoich as at the starting operation of a high-
power consumer; since it will be instantaneous,dleetric company must be informed, but it will
not be necessary to contract this amount of poaetirtuously.

Once all these data have been established, th&i@lesmpany must inform about the electrical
connection required and its voltage. With this ration, the Electrical Installation System can be
designed.

The electrical system of a desalination plant ugwansists of the following systems:

v" Medium voltage power line.

v Electrical substation: sections, protection, erteanexit and measurement cabinets,
transformers, input, output and protection cells.

v' Transformation center for the different voltagedisvdemanded by the plant's consumers,

consisting of transformers, input, output, measem@mand cell protection.

Medium voltage electric cabinets to supply mediwttage consumers.

Distribution cabinets for low voltage consumers;luling outputs for MCCs, batteries,

general switchboards, etc.

Motor Control Centers.

Grounding network.

Capacitor batteries for power factor correction.

Equipment frequency inverters.

AN
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5. Description of the Fortaleza Desalination Plant

The solutions presented below are a reference stodyhe implementation of the Fortaleza
Desalination Plant, developed by the Authorized Gany in PMI scope and adapted by CAGECE,
serving as basis for the posterior development@Basic and Executive Projects.

The adoption of a pretreatment system with doutagesfiltration was proposed considering the
available analytical data extracted from the “Imfiation for EDAM Fortaleza\Water Monitoring.pdf
document. The Marine Sciences Institute of the F@ddniversity of Ceara was also consulted,
coordinating the monitoring and dredging studiesqumed at Porto do Mucuripe.

They confirmed that the solids found are sandsezhiyy the sea currents in the area, and that the
chosen site is at a safe distance from wastewatfalls discharges and where the risk of algal iiso
is low.
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All this information led to the design of a conviengl, robust pre-treatment, with low implantation
and operational cost, which is ideal for captuang sand not sedimented in the disassembly process.

Another important point is the ease of operatiothwow consumption of chemical products, much
lower than other systems would require, such aafilltation, that is more sensitive to sand alwasi

The process details and design criteria are predemt Attachment 14.3- Process Calculation
Memory.

5.1.Initial Data

To determine the initial data that authorize thabetation of the desalination plant, previous
information about Fortaleza was considered, whidisied in in the bibliographical references. Rhse
on this information, the starting data is descrilvethe sections below.

5.1.1.Plant Capacity

The desalination plant production capacity shallLbé/s with four lines. The unit capacity per line
is 0.25 nd/s.

For the proposed desalination plant design, a i8%ase in produced flow for internal consumption
was considered.

The nominal production capacity, therefore, is:

v Project production: 86,400°fday

v" Number of lines: 4

v' Production by line: 21,600%day
Production capacity, including the safety amousit, i

v Project production: 86,659 fday

v" Number of lines: 4

v' Production by line: 21,664.8%day
Seawater flow to be collected:

v" Nominal water flow to be collected: 192,578 day

v' Maximum flow during filter displacement: 207,388.8 rfiday
Plant Conversions:

v" RO Conversion: 45%

v" Global Conversion: 44.86%

v Global conversion during displacement: 41.66%

5.1.2.Plant Availability

The plant's desalination equipment requires maantea for proper operation so that desalinated
water production cannot be maintained for 24 hauday, 365 days a year. Based on previous
experience in the operation and maintenance ofaimésalination plants, an availability of 95.89%
per year is adequate for proper plant operatiomns 96.89% value per year was considered for the
project. To increase this availability, a redundafit line must be included, but such an investment
not compensate this increase in availability, at w@uld be considerably increased and this RO line
would be inoperative most of the time, which is retommended.
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5.1.3.Environmental Conditions
The environmental conditions of the city of Forraere detailed below:

v' Maximum annual temperature: 30.8°C

v" Minimum annual temperature: 23.9°C

v' Humidity: 77.5%

v" Average annual rainfall: 1,668.6 mm

The region selected for the implementation of tesatination plant, Praia do Futuro, is considered
the second highest for sea spray corrosion in tbddwaccording to studies by the Eletrobras
Research Center (Cepel), fact reinforced by studiée®loped by INOVACON,COOPERCON-CE,
SINDUSCON-CE, CIMENTO APODI e PEC/UFQtfp://www.pec.ufc.br/images/Edital/16-11-
Cartilha-Agressividade-do-Ar-Small-Spreads)pdthis has also been reported by the local power
company, which stated that this region has a seg sate of 1,832mg/ms3/day, forcing it to use sgkeci
technologies such as aluminum alloy hardware ahdrohaterials more resistant to salt pollution.
Due to this peculiarity, extra attention shouldpaéd to the adoption of materials and equipment, in
order to obtain the lowest cost-benefit for theatieation plant.

5.1.4.Characteristics of the Water to be Treated
Raw water will come from the coast of Fortaleza.

The considered tidal race is of 4.4 meters, thetidev-1.60 m, and high tide 2.80 m, with the agera
sea level as reference.

The Attachment 14.6 presents a set of analyzegedasut in the area foreseen for water intake and
concentrate disposal.

The analysis shown below was made for the projesgad/ater, chemically balanced so that the anion
concentration expressed in meqg/L is equal to theations.

Table 5.6 shows the physicochemical parametersayater in the design proposed.

For the plant design, the maximum and minimum teatpees from the aforementioned information
were considered.

v' Maximum Temperature: 30 °C
v" Minimum Temperature: 20 °C
v' Average Temperature: 27 °C
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Table 5.6 — Projected Seawater Physicochemicahi®deas

Planta de Fortaleza

FOLHA DE ANALISE
CLIENTE CONTRATO
LABORATORIO REFERENCIA
TIPO DE AGUA DO MAR DATA November-17
LUGAR DE AMOSTRAGEM Costa de Fortaleza

ANALISE FISICO-QUIMICO
TURBIDEZ 1 U.N.F. PH [ 7,90
COR 1 Pt-Co CONDUTIBILIDADY 58.846,93 | pmhos/cm.
ODOR 0 TON T.D.S. 39.051,86 mg/L
ASPECTO ALCALINIDADE 133,85 | ppm CO3Ca
TEMPERATURA 27 oC DUREZAE 6.403,60 |  ppm CO3Ca
COMPOSICAQ IONICA

ELEMENTO mg/L meq/L ELEMENTO mg/L meq/L
Cat+ 504,55 25,18]504= 4.159,73 86,61
Mg+ 1.249,42 102,78]cI- 20.425,10 576,12
fIva+ 12.110,61 526,75]CO3H- 142,78 2,34
[lk+ 420,00 10,74]F- 0,30 0,02
[[Ba++ 0,02 0,00]Br- 0,00 0,00
[lsr++ 5,10 0,12]I- 0,00 0,00
[[Fe++ 0,00 0,00|NO2- 0,00 0,00
INHa+ 0,30 0,02]n03- 10,70 0,17
[lag+ 0,00 0,00Jc03= 10,04 0,33
IMn++ 0,00 0,00JP04= 0,00 0,00
[lzn++ 0,00 0,00]s= 0,00 0,00
flcu++ 0,00 0,00]Si02 (coloidal) 0,20 0,00
f[al++ 0,00 0,00]Si02 (soluble) 8,20 0,14
[[Fes++ 0,00 0,00jco2 1,23 0,03
[lH+ 0,00JOH- 0,00
(l TOTAL 14.290,00 665,59 TOTAL 24.756,85 665,59

OUTRAS DETERMINAGCOES

[ SUBSTANCIAS TOXICAS mg/L | Matéria organica e outros mg/L
Arsénio 0,00|DBOS 2,00
Cadmo 0,00jpao 5,00]f
"Bérl’o S,DOINitrogéno proteico 0,00"
[IMercurio 0,00JCompostos fendlicose 0,00f
[[chumbo 0,00]Detergentes 0,00]f
[lselénio 0,00§0leos e graxas 0,00]f
[lcromo total 0,00QHidrocarbonetos 0,00]f
[lcromo 0,00]56lidos em suspensdo 10,00

5.1.5.Product Water Characteristics

The system’s net production capacity shall be offs, with an annual availability rate of 95.89%.
The desalinated water produced shall be delivesedhb DISTRIBUTION COMPANY at the
EXISTING SYSTEM DELIVERY POINTS, meeting potabilistandards specified in Attachments
XX and XXI of Consolidation Ordinance nr. 5, of $S&mber 28th, 2017 (which revoked Ordinance
2914/2011), or by a specific standard that mayaaplor update it, and, as an alternative, as

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

[ P .
66/29\. Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 <



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

recommended by the World Health Organization (20Th§ limiting factor in this legislation is the
chloride concentration content of 250 mg/L.

5.1.6.Battery Limits
The battery limits (included) proposed for thisjBab are the following:

v' Seawater: seawater intake tower.

v Product water: water supply pipelines to the DELR¥EPOINTS

v' Power supply: desalination plant electrical sulistafor the installation of the medium
voltage source and power transmission line to bplamented from the local energy
concessionaire substation;

v’ Brine: brine discharge outfall.

5.2.Process Justification

According to the arguments presented in previowsiges about the processes that make up a
seawater desalination plant, this section will ijysthe process line chosen for the Fortaleza
Desalination Plant, based on good engineering ipe|aturrent state of the art, local conditions and
the intended use of desalinated water to minimi2fPEX and OPEX, providing a sustainable
environmental solution. The elaboration of the basid executive projects may present different
solutions from the one adopted in this study, betpremises presented in the Term of Reference
must be met.

The technology chosen for desalination is reversmaosis by spiral wound 8-inch aromatic

polyamide membranes. This membrane type has bésnteskbecause it is currently the most widely
used in the world for RO desalination plants, eimguan ideal process solution in terms of energy
consumption and price competitiveness.

Proper choice and design of seawater intake artdeptenent are critical to ensure the project and
proper operation of RO seawater desalination pldinis necessary to collect the best quality water
possible (without suspended matter, organic substarmeavy metals and poorly soluble elements)
and condition it properly to avoid clogging and @nesthe integrity of the RO membranes. For this

purpose, suspended organic and inorganic mattarigio@ eliminated and their salts should not

become incrusted, but concentrated in seawateughroeverse osmosis. Intake and chemical and
physical pretreatments are designed for this perpos

The algae content of Fortaleza coast seawatet [Egin but may contain fine sands found throughout
the water column, due to the turbulence sufferethbystrong currents off the coast. There are also
hydrocarbons, oils and fats from ships; therefibrig,advisable to collect seawater from a deegp sit
to avoid the collection of such material that corcates on the surface.

In either case, given the high currents that ocaudose of activated charcoal powder has been
planned, which shall be used in an emergency i$icenable concentrations of hydrocarbons, oils or
fats are found.

The pre-treatment selected for this project isatliyerelated to the quality of water available, ki
in turn is directly related to the type and locataf the intake adopted.

2 World Health Organization (WHO). Safe Drinkingtea from Desalination, 2011. Disponivel em
<https://www.who.int/water_sanitation_health/pubtions/desalination_guidance/en/>
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Process details shall be provided at the momeelatoration of the basic and executive projects.
The main desalination process pretreatment syseen§iltration through membranes and filter beds.

Membrane filtration technologies in the ultrafiticm and microfiltration range show advantages in
the maintenance of effluent quality in comparisathwonventional granular bed filters.

Mono and multilayer filters are, in turn, a sucdelg used technology in desalination plants
worldwide.

The selection a pre-treatment method will depemnd&mentally on the characteristics of the project
itself, concerning the possibility of obtaining gbquality seawater with low variability. The final
decision was made with basis on operating and imas# costs, which would result in a competitive
desalinated water price.

Among the conditions to be considered when selg&ipre-treatment type, we can emphasize:

() Size distribution of particles suspended iavgater. When there is a large variation in the size
suspended solids in seawater, micro or ultrafitramembranes, eliminate them more efficiently due
to the uniform membrane pore size. In a sand fittegre is a large variability in stage sizes due t
filter bed irregularities; therefore, they are mbkely to have worse filtered water quality epissd
when a change in seawater composition takes place.

When the water available shows slight compositianability, a simple adjustment in the coagulant
dose at the filter inlet will be sufficient to rese filtered water quality.

The location and depth of the designed intake tpasewell as available data indicate little vardi&pi
in the raw water that will feed the desalinatioanl

i) Colloidal material, silt and pathogens: thesenpounds are best retained by ultra or microfithrat
membranes. Prior hypochlorite disinfection and/ee wf coagulants at the filter inlet may be
sufficient to grant the quality required for the terato enter the reverse osmosis system. High
concentrations of these compounds are not expacttbe area selected for the present project.

i) Sudden changes in water quality due to anded or discharge, causing pH variations, oil and
grease contamination and high temperatures cavemibly damage the ultra and microfiltration
membranes; in these circumstances, sand filtersiach more robust.

iv) The presence of sharp particles can break tleenlnane fibers. Therefore, a 120-micron
railing/screen (microscreening) system is requpédr to entry into the ultra and microfiltration
membranes.

v) The water filtered through multimedia filtergjteres a final refinement through cartridge filters
with a 5-micron stage size. If ultrafiltration merabes are used, these filters are not required.

vi) In algal bloom episodes, gravity sand filteees to be more advisable. The pressure required to
operate ultrafiltration membranes would break tlya@ emptying its organic content into the raw
water and thus accelerating the growth of a biobimthe osmosis membranes.

vi) When the algae content is too high, to avoiddhances in the plant's operation, it is
recommended to provide a dissolved air flotatiostesyn (DAF) that eliminates most algae. This
system is usually installed through bypass andeslwnly when such episodes occur. The available
information does not indicate any risk of algaeobfoin the area selected for the intake tower.
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viii) Available area: membrane technology requiesss deployment space, in average 30% to 50%
less than filters. In view of implementation costshould also be noted that the filters do nache

to be covered and can be installed outdoors; itrast) ultrafiltration systems need to be deployed
inside a building.

With the information available on seawater qualityhe selected intake area, no large variation in
water composition, outbreaks of organic contamamator possible algal blooms that could endanger
plant operation are to be expected.

The possibility of contamination by oil spills isitigated with the location and depth of the intake
tower.

Seawater data available in the area of this prajees not show the need to install rails for sotids
debris removal. However, due to sea currents, deawsy contain varying amounts of sand, so a
sand trap area is to be set up before the pumping entrance.

Considering the aforementioned, the proposed @tetient system is a two-stage filtration through
filter beds.

However, pretreatment definitive choice shall bedenavhen the analytical sampling studies are
elaborated in the next phases (basic and exequtojects).

5.2.1.Intake Tower

For the intake of seawater, the proposal is a sulpedeintake tower, 2500 meters away from the
coast and 14 meters deep, approximately. The wedected shall be conducted through
communicating vessels to an onshore seawater caklimaffle system will be designed for it to
increase permanence time and allow potential sanket captured. The sand extracted will be
deposited on the shore or at the approved siterdeted by the environmental impact study.

Water speed shall be low inside the intake towtdtsapenings and within a five-meter radius from
the intake pipe, to avoid producing strong curreéhgd drag fish in, and so that, in case they swim
into the intake tower, they can manage to swim out.

However, intake pipe diameter was projected so $pated is not excessively low because the
captured sand would sediment inside. In any caseintake pipe and tower design shall include a
pipe scraping cleaning system (pigging). Thus, itteke tower must allow the adoption of this
system.

The seawater pumping system design will contaiticarseawater pumps, that will pump the water
collected in the process. This type of pump wassehdbecause the NPSH (Net Positive Suction
Head) available in the seawater tank is very lowkimg the horizontal pump option in command

much more expensive in CAPEX terms. Installatiopegience of this type of pump for seawater

desalination plants indicates the adoption of PRER>stainless steel pumps, including cathodic
protection to prevent corrosion.

5.2.2.Pretreatment

The chemical pretreatment shall consist of:

v Sulfuric acid to adjust pH, facilitate disinfectiand reduce dispersant consumption.
v" Shock-dosed sodium hypochlorite for disinfectionetdments and equipment. Continuous
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use of this reagent with the desalination plamgaration is not recommended, as experience
has shown that there is greater fouling of the R@&mimranes when chlorine is used
continuously.

v" Shock-dosed sodium hypochlorite for disinfectiorel#ments and equipment, dosing of this
reagent is not recommended continuously, with desbn plant in operation, as experience
has shown that there is greater fouling of Ol membs when chlorine dosing. in continuous.

v Ferric chloride coagulants to facilitate coagulatand subsequent retention in pretreatment
filtration stages of suspended solids containexkawater.

v Dispersants to prevent precipitation of calciuniael strontium sulfate, calcium fluoride and
other salts when seawater is concentrated in tmelranes, will be applied. Its function is to
prevent the formation of crystalline salt netwoikeseping the ions in dispersion and allowing
their solubility limit to be exceeded.

v" Sodium metabisulfite will be used for chlorine malization after shock chlorination and as
safety to reduce possible oxidants before the seawaters the RO process, since aromatic
polyamide membranes show a low tolerance to oxidisubstances. Metabisulfite reacts with
chlorine and other oxidants contained in seawateth as dissolved oxygen, preventing them
from reaching and damaging the membranes. In addii sodium metabisulfite dose shall
be applied to the brine deposit prior to dischange the sea.

For the physical pretreatment, the following sysemere designed:

v Activated carbon dosage to eliminate potential bgdrbons, oils and fats.
v’ First stage filtration in sand and anthracite filigedia.

v' Second filtration step on multimedia sand filters.

v’ Cartridge filters with 5 nominal microns rating.

This pretreatment has been designed from a satety pf view, as there are two serial filtration
stages, and thus, good elimination of suspendadss@ ensured. The filtration cut-off size was
chosen based on experience with other desalinplaors with similar water quality.

The filtration speeds adopted are conservativesidenng the operation references of different
projects currently operated by GS INIMA:

v’ Carboneras (120,000%day) 12-14 m/h;

v Cap d'Jinet (100,000 Hday), 8.5-9.5 m/h with first-stage filters andveeen 13 and 15 m/h
for second-stage filters;

v' Djerba (50,000 rfiday): 6.5-9.5 m/h with first-stage filters andween 9.5 and 10.5 m/h for
second-stage filters;

v Mostaganem (200,000%day), 8.5-9.5 m/h with first-stage filters andweéen 13 and 15 m/h
for second-stage filters.

Two filtration steps were elected instead of a leirgjep to provide greater pretreatment process
security. In addition to being selected insteadlt&filtration, as it presents a more robust difiion

that has two steps to eliminate suspended solidBows cutoff size selection in each step, adpgst

to the characteristics of the matter containedhé@wrater from Fortaleza’s coastline.

A dissolved air flotation system, DAF, was not udd, since, as previously mentioned, seawater
algae content is not high and there are no redstida the Fortaleza coast.
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A filtration stage has been added to the cartridggs after the two stages of closed pressutersil
The cartridge filters provide a final safety baragainst solids contained in seawater before ecdéra
into the RO membranes.

5.2.3.Reverse Osmosis System Description

The planned Reverse Osmosis system shall be qnarsieone stage, and brine energy recovery shall
be done by pressure exchange systems.

The number of selected RO lines is four (4). Tmwant of lines was selected because it allows
flexibility in production; thus, it can produce:28. m¥/s, 0.5 n¥/s, 0.75 Vs or 1 ni/s. In addition,

the racks represent 21.15G/day of production, which means they must be latgerefore, the
pumps and motors per line shall also be large, hwigicarantees a higher yield and less energy
consumption per Aof produced desalinated water.

The proposed Pressure Exchange Systems (PES) padserer specific energy consumption when
compared to Pelton turbines. The PES shall be canmgahted with recirculation pumps equipped
with a frequency inverter.

The line pressure tubes will be connected by aipuaritsystem that facilitates assembly and saves
high-pressure tube work.

The conversion factor corresponding to the Reve@s@osis type elected is of 45%, and once the
desalination plant project has been advancedgctmsersion factor shall be optimized to guarantee
the lowest energy consumption possible.

The high-pressure pumping system shall be compafisadigh-pressure pump, and in its suction, a
booster pump equipped with a frequency variatogaarantee production control in different
operating conditions: variations in seawater terafee and pressure loss in the RO membrane lines
due to incrustation and age.

Permeate water from Reverse Osmosis has a veryiveegangelier index, which is why it is very
corrosive. The post-treatment was designed to mlatdiangelier index between 0 and 0.4 to prevent
the water corrosiveness or fouling, thus presertiggintegrity of the water’s distribution pipes. |
addition, fluorine and sodium hypochlorite shalldmEled to condition the water to the quality level
required for drinking water in Brazil.

The post-treatment elected consists of:

v Carbon dioxide dosage.

v" Sodium hydroxide dosage.

v Sodium fluorosilicate dosage.

v" Sodium hypochlorite dosage.

The calcium hydroxide dosage was selected agaihet cemineralizing treatments, such as calcite
or dolomite. We have extensive experience with ffost-treatment process and the investment

needed is less than it would be that needed fouskeof calcite or dolomite towers.

The use of C@ hypochlorite and fluorosilicate (for those couedr whose regulation requires
fluoride in water) is the same as elected in thet waajority of RO seawater desalination plants for
the production of drinking water.
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A product water tank was included to store the wpteduced in the 1,800 %wlesalination plant,
which allows a residence time of 30 minutes.

5.2.4.Brine Disposal

A saline concentrate final disposal system throonginine outfall was proposed, 1200 meters away
the coast. Brine diffusers shall be installed sfibal section, to ensure rapid mixing of brinel an

seawater, so that salinity addition in the dischaagea is as small as possible. The number of
diffusers, their angle and discharge speed wibl &ks chosen to minimize the discharge impact area.

The seawater intake and brine discharge sites gleygen considering the direction of currents, to
prevent recirculation of the brine discharge ifite intake system.

5.2.5.Complementary Services
The complementary services projected for the dest@din plant are:

v Closed filter backwashing system: the filters shalbackwashed with brine and air. The brine
wash will be done by washing pumps that shall ptimebrine from a brine tank. It has been
found that the brine produces effective filter waghand also reduces absorption of seawater,
thus increasing the plant’'s recovery (water produtevater collected). The air shall be
obtained by blowers.

v" RO chemical cleaning system for RO membranes:stratem will make it possible to clean
the RO lines before pressure drop increases orgaenmvater loses quality.

v Displacement system: this system allows, beforeyrtion stops, to move all seawater and

brine in the equipment, tubes and valves from theelRse Osmosis process. Seawater and

brine at zero speed can cause corrosion in theseeeals. Brine can also produce salt
precipitations, because over time the dispersahhwilonger be effective.

Drinking water and wastewater systems.

Drainage, ventilation and drains system.

Transport and lifting systems.

Firefighting system.

Ventilation and air conditioning system.

Laboratory and mechanical workshop material, imsgmtation and electrical equipment.

Replacement parts.

D NN NI N N NN

5.3.Design Criteria
The criteria considered for the desalination pfaofect are included below:

v" To perform a correct distribution of the differgsiant components, considering the logical
process sequence, operational safety, attainmeart efisy and efficient exploration and the
site’s topographic and geotechnical characteristics

v" To provide facilities with sufficient flexibilityd facilitate operating maneuvers, as well as
maximum safety and reliability conditions.

v" To provide quality to civil works, equipment andtallations that allow a quality-price ratio
that fits such works, while ensuring the achievenhoéiguality and production requirements.

v' To provide facilities with sufficient flexibility d facilitate operation and maintenance
maneuvers, without jeopardizing production.

v Integrate the Desalination Plant to the selecteslas a harmonious whole, in mechanical
equipment and in the construction of buildingseottacilities and civil works.
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v' Minimize the environmental impact of facilities #msure their full integration into the
environment, in the best conditions.

v Finally, to provide quality engineering work appriape for the operating conditions and
location.

5.4.Project Proposal Description

5.4.1 Electromechanical Devices
5.4.1.1.Seawater Intake

The intake is performed through an intake toweated at a bathymetry of 14.0 m to collect seawater
of appropriate quality for the Reverse Osmosis ggecthus avoiding oils, fats and hydrocarbons.
The collected seawater shall be conducted througlgtadensity polyethylene (HDPE) line to a
suction chamber, a seawater receiving well, locatethe coast. The seawater enters this chamber
through communicating vessels. The tube diametE8@® mm (external diameter).

Sulfuric acid and sodium hypochlorite dosages vpeoxided for the intake tower, for the cleaning
of its own structure and the seawater marine dutfal

At the seawater receiving well inlet, the waterlsha conducted through a labyrinth at very low
speed, to increase permanence time in the chambtgraduce decantation of the fine sands possibly
captured, which will be returned to the coast.

5.4.1.2.Seawater Pumping

The seawater pumping unit can supply the plant witho 8,641 m3/h and is composed of 5 (4 + 1)
centrifugal pumps, with a unit capacity of 2,293m&nd TDH of 82 m.

The five seawater pumps shall be installed in pelralith one established as a reserve. The pumps
shall transport the seawater from the receivingndyex to the mixing chambers. The discharge
collector for the Plant shall have a diameter @@ gm, which shall provide a seawater speed of less
than 2 m/s inside the pipe, and shall be built RPFGPN-10 and 5,000 N/m2,

The projected seawater pumps shall be submerdibhke pump material in contact with the liquid
shall be Superduplex stainless steel with PREN, <@ cathodic protection to prevent corrosion.

The regular method to pump raw water shall be Wotir groups in simultaneous operation. The
operational program shall function in a manneilmaaall groups to work the same number of hours,
alternating at the reserve pump stops.

5.4.1.3.Brine discharge

The discharged brine resulting from the procesisbeiischarged back to the sea through a discharge
tube composed of a high-density polyethylene (HDie&¢ with a 1,200 mm diameter.

5.4.1.4.Chemical Pretreatment
Pretreatment Sodium Hypochlorite Dosage
The sodium hypochlorite dosage is projected toguerfoffline seawater shock dosing.

For this purpose, two GRP hypochlorite tanks, eath 12 m3 capacity, equipped with a level
measurement device, high and low-level switchesjndge, interconnection tubes and other
accessories were provided.
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The hypochlorite injection into the collection waie performed by three metering pumps (2 + 1),
one of which is a reserve, of the positive disptaeet type. The pump materials are as follows: PVC
body and boxes, polyethylene seats, PTFE membrait@s seals and casting crankcase. The pumps’
nominal flow is adjustable between 10% and 100%uliagion is automatic, with control panel
operation, for which the metering pumps will be gigdl with the corresponding servomotors.

Since hypochlorite shock dosing is projected, o dose of active chlorine was established for
the project.

To fill the tank, a centrifugal transfer pump wid mé/h flow shall be installed.
The hypochlorite dosing lines must be made of PV.C-U

The sodium hypochlorite dosing system shall betemt#an a basin with sufficient capacity to store
all its contents, plus an additional 10%.

Sulfuric Acid Dosage

A sulfuric acid dosing system has been providedi®t osmosis cleaning. The addition of sulfuric
acid to seawater is also projected to facilitatgedohlorite disinfection and adjust dispersant addlit

The sulfuric acid equipment shall consist of two h2 storage tanks, made of carbon steel and
equipped with a level indicator, level transmittekel switches, drains, ventilation and silica gjel
drying system and other accessories.

A centrifugal pump with 60 At flow shall be installed for the transfer of sui€ acid from the
transportation medium to the storage tanks.

For the acid dosage in seawater, three (2 + Indgqaimps shall be installed, one of which shall be
areserve.

The pump material shall be as follows: AISI 316 yp@hd valve boxes, PTFE membranes and
gaskets, Hastelloy C balls, AISI 904 seat, and rast crankcase. The pumps are of the positive
displacement type, adjustable from 10% to 100% eqdipped with servomotors for control
regulation.

A shower with an eye wash station shall be insladle a safety and protection measure.

The sulfuric acid dosing system will be locatedidesa pan coated with antacids, with sufficient
capacity to store its entire contents, plus antaudil 10%.

The sulfuric acid dosing tubes shall be made db@arsteel.
Sodium Metabisulfite Dosage

A sodium metabisulfite dosing system was desigone@duce residual chlorine before the seawater
reaches the membranes, given their low toleranckltmine. This substance reacts with chlorine and
other oxidants contained in seawater, such asldetsoxygen, preventing them from reaching and
damaging the membranes.

In addition, sodium metabisulfite shall be addeth®brine tank, if necessary.

The equipment consists of two GRP 1000-liter capamtcumulation-dissolution tanks, equipped
with electric agitators, isolation, safety and dhealves, interconnection tubes, accessories and th
corresponding 2 + 1 metering pumps, one of whichrisserve.
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The use of two tanks for reagent dissolution featis the plant's operation, as one tank can work
while the metabisulfite solution is prepared in thieer.

The storages shall be equipped with local levelglltransmitters and high and low-level alarms.
The electric agitator shafts and blades shall b&I8f 316 stainless steel.

The product shall be added before the cartridggr$ilinlet, to provide the maximum possible cohtac
with the chemical reagent. In addition, an addalomjection point shall be installed after the
cartridge filters.

The pump material shall be as follows: PVC body boxkes, polyethylene seats, PTFE membranes,
viton gaskets and cast iron crankcase.

They shall be adjustable from 10% to 100% of theximum capacity. Regulation will be automatic
from the panel that shall supply each pump, witcdrresponding servomotor.

After this equipment and the cartridge filters,rthehall be an ORP sensor with alert recording and
panel, a pH meter with panel display and maximumh @mnimum alarm, with registration. This
equipment is to ensure that no oxidants reach Meri@mbranes.

The sodium metabisulfite dosing system shall batkxtinside a tank with sufficient capacity to stor
all its full capacity, plus an additional 10%.

The metabisulfite dosing pipes shall be made of RWC
Ferric Chloride dosage

For the elimination of seawater suspended mattdrcatioids, a ferric chloride dosage shall be
executed. The equipment was projected for a doSeamd/L.

There shall be two GRP accumulation tanks, eadima80 m3 capacity. The tanks shall be equipped
with local level indicators and a level transmiti@s well as provide high and low-level alerts.

The ferric chloride deposits shall be located itamk with sufficient store capacity for its whole
content, in case of breakage.

There shall be three metering pumps (2 + 1), onehic¢h shall be a reserve. The pump material shall
be as follows: PVC body and boxes, polyethylenéssetastomeric PTFE membranes, viton gaskets
and a casting crankcase. They shall be adjustaie 10% to 100% of their maximum capacity.
Doser regulation shall be automatic from the cdrgemel from which they are supplied, with the
corresponding servomotors.

The ferric chloride deposits will be located iraak with sufficient capacity to store its entirentant
in case of breakage.

For the transfer of ferric chloride from the traodption parts to the storage tanks, a centrifugal
transfer pump with a flow of 60 m3/h shall be itisich

The ferric chloride dosing system shall be located tank with full storage capacity for its entire
content, plus 10%.

The coagulant dosing tubes will be PVC-U.
Dispersant Dosage
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When seawater is concentrated in the membraneaydm precipitation from calcium sulfate,
strontium sulfate and calcium fluoride salts, amotiters, a dispersant shall be injected in a dbse o
1 mg/L. Its function is to prevent the formation afstalline salt networks, maintaining ions in
dispersion and allowing the solubility limit of dasalts to be exceeded.

The equipment consists of two GRP accumulationetliti®n tanks of 1000-liter capacity, which
shall aspirate the dosing pumps.

There shall be three metering pumps (2 + 1), onvehiéh will be a reserve. The pump material shall
be as follows: PVC body and boxes, polyethylenéssetastomeric PTFE membranes, viton gasket
and casting crankcase. They shall be adjustalie 1@ to 100% of their maximum capacity. Doser
regulation shall be automatic from the control painem which they are supplied, with the
corresponding servomotor.

The product is added online and before the caeriiters to provide the maximum contact time
possible. An additional dispersant dosing pointidieinstalled before the filtered water inletdhe
cartridge filters.

The dispersant dosing system shall be locatedarsithnk with sufficient capacity to store its full
capacity, plus 10%.

The ferric chloride dosing pipes shall be of PVC-U.
Activated Carbon Powder Dosage

A powder activated carbon dose in included in ttegget. The activated carbon shall be stored in a
1 m? capacity silo. Two injectors shall deliver it file preparation of a solution with service water,
which shall be performed in two GRP tanks with BA.Q capacity each. Each tank shall be equipped
with an electric agitator, isolation, safety an@ckvalves, indicator, maximum and minimum level
switch with alarms, interconnection tubes and ssmess.

This active carbon solution dosage shall be peréorimy three metering pumps, one of which is a
reserve. The pump material shall be the followiRy.C body and boxes, polyethylene seats,
elastomeric PTFE membranes, viton gaskets androastrankcase. These will be adjustable from
10% to 100% of their maximum capacity. The pumpamals will be followed by: PVC boxes,
polyethylene seats, elastomeric PTFE membranes) geiskets and cast iron crankcase. These will
be adjusted from 10% to 100%, given their maximui8I816 capacity.

The active carbon metering system shall be instaliside a secondary container with sufficient
capacity to contain its full volume + 10%, in caddreakage.

The active carbon metering system pipes shall llero&polypropylene.

The activated carbon metering system shall bedddatside a bucket with full storage capacity, plus
10%.

The active carbon dosing pipes shall be made of-BVC
5.4.1.5.Physical Pretreatment
Closed Pressure Filters

For the elimination of particles present in raw @vaseawater shall be filtered through two stages o
sand and anthracite filters, as a filter mediurthenappropriate proportion.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

[ P .
76/29\. Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

The first stage consists of 14 horizontal cylindriiilters that shall be arranged in parallel, lsat the
flow is distributed among them in the normal operaprocess. Each filter houses a support plate
equipped with the corresponding nozzles in whighgand filter bed is placed.

The filters shall be built in FRP with a chemicatiter of isophthalic resin or ST 44/2 quality camb
steel or similar, and internally coated with a 3 timck layer of neoprene or natural rubber, applied
by autoclave. The filters shall be externally paghtvith UV resistant paint. The filter arrangement
shall be horizontal cylindrical, pumped at the bott

Once a filter’s flow drops below 80% of normal ogtéwn, it shall be backwashed through the passage
of operational flow by other filters in service.

The filters shall have a 4 m diameter and 24 nndyical length, which is equivalent to an effective
filtering surface of 88.43 frper filter. Maximum filtration speed shall be 6xBh, and 7 m/h during
filler washing. The filters will be equipped wittheé manholes necessary for inspection and
maintenance. They shall also transport drains svamtl corresponding equipment, as well as the set
of automatic valves necessary to carry out fullyoemated washing and commissioning operations.

If the operator so wishes, washing can be done-aatomatically, where each of the steps to be
performed can be selected from the panel. It i pissible to change washing stage times, operate
programming levels and change the washing system.

The filter nozzles are projected to avoid filteakage and maintain the pressure drop to a minimal.
There is a total of 50 nozzles installed per squagter of filtering surface. The nozzles are made o
plastic resistant to and not degradable by seawater

The filters will have 3 filter layers with the follving characteristics:

v 1%ayer:
Material Anthracite
Layer height 0,7m
Material effective size 1,9 mm
Uniformity coefficient 1.4
Material cutoff point 226 micra
v 2" ayer:
Material Silex
Layer height 0,4m
Material effective size 0,6 mm
Uniformity coefficient 1,45
Material cutoff point 93 micra
v 39ayer:
Material Silex
Layer height 0,2m
Material effective size 2,0 mm
Uniformity coefficient 1,7
Material cutoff point 309 micra
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The second stage shall consist of eight horizayiadrical filters that shall be arranged in péhl
so that the flow is distributed among them in tenmal operation process. Each filter will house a
support plate equipped with the corresponding rszzh which the silicon filter bed is placed.

The filters shall be built in FRP with a chemicatter of isophthalic resin or ST 44/2 quality camb
steel or similar, and internally coated with a 3 imck layer of neoprene or natural rubber, applied
by autoclave.

The filters shall be externally painted with UV istant paint. The filter arrangement shall be
horizontal cylindrical with pumping at the bottom.

Once the passing flow through a filter drops 80&érfrits normal work flow, it shall be washed by
the passage of work flow through the other filiaerservice.

The filters are 4 m in diameter and 24 m in cyliodr length, equivalent to an effective filtration
surface of 88.43 fper filter. Filtration speed in normal operatienli0.8 m/h, and a maximum of
12.4 m/h in a washing situation. The filters shal equipped with the manholes necessary for
inspection and maintenance, which shall transparind, vents and the corresponding
instrumentation, as well as the set of automatitves necessary to carry out washing and
commissioning operations in full-automatic mode.

If the operator so wishes, washing can be done-aatomatically, where each of the steps to be
performed can be selected from the panel. It is péssible to change washing stage times, operate
programming levels and change the washing system.

The filter nozzles are projected to avoid filteakage and maintain the pressure drop to a minimal.
There is a total of 52 nozzles installed per squagter of filtering surface. The nozzles are made o
plastic resistant to and not degradable by seawater

The filters shall present 2 filtrating layers witle following characteristic:

v 1% layer: Material Silex
Layer height 0.5m
Material effective size 0.3 mm
Uniformity coefficient 1.4
Material cutoff point 46 micra

v 2" ayer: Material Silex
Layer height 0.2m
Material effective size 2.0 mm
Uniformity coefficient 1.7
Material cutoff point 309 micra

Samples will be installed to measure the water'd B&€ore and after each filtration stage, to
determine filtration efficiency and water qualitgfbre it enters the membranes.

Closed Pressure Filter Washing

The filters shall be washed with membrane rejedengorine). For this, three centrifugal pumps (2
+ 1R) will be available, one of which is a resepuenp. The set of washing filters shall be placed in
the process device.
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The pump flow shall be 1,914 m3/h at a dischargsgure of 2.3 bar. The material composing the
body, rotors and shaft must be made of PREN > g@rsliplex quality steel. The use of membrane
reject water for washing saves energy and cherproalucts.

In addition to washing water making use of the psmgscribed, three fans (2 + 1R) of 2,211 Nm?3/h
will be available, one in operation and the otlmeraserve. The inclusion of blowers helps guarantee
an efficient washing, as well as a remarkable gpohwashing water. The blowing unit has its
corresponding air filter, noise silencer, safetyl asolation valves, as well as pipe sections with
corresponding pressure gauges and accessoriegai¢reand air washing pipe shall be made of glass
fiber reinforced polyester.

The washing water flow shall be controlled by avedbcated in the washing water filter collector,
only during discharges from the washing water purmpsneasure washing water flow, a flow meter
installed in the pump discharge manifold will begable.

Filter displacement, after brine washing, shakkaeied out with seawater driven by seawater pumps,
and the displacement flow shall be controlled lzpatrol valve.

The first and second stage filters shall not behwdsimultaneously.
Cartridge filters
The filtering process shall consist of 8 cartriditfers, embedded in GRP.

The cartridge filters shall be equipped with potymylene depth filtration cartridges with a cut-off
point rating of 10 absolute and 5 nominal micramish a particle removal efficiency of 99.6% and a
beta ratio of 5,000.

Before and after the cartridge filters, sample st€kvill be installed to measure the water’s SBI, t
determine filtration efficiency and water qualitgfbre entering the membranes.

The pipes and filter inlets and outlets shall belenaf PN-10 glass fiber reinforced polyester.
5.4.1.6.Reverse Osmosis

The proposed project corresponds to an osmosi® stéifp a 45% conversion in four project
production lines of 21,665 .

The seawater assessment used to perform membigeetians differs from the raw water analysis
shown in the initial data section. The differenetid®een the two analyses is that the membrane water
analysis contemplates not only the chemical pretreat, described in previous sections, but also the
mixture of seawater and brine in the pressure exgbaystems. The use of pressure exchange
systems causes an increase in seawater salititg RO system inlets. For these reasons, the method
used to perform membrane projections shows a highacentration of dissolved salts than the one
used for the project's raw sea water. The Figuleabshows the seawater analysis method used in
membrane projections.
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AMNALISE DA AGUA BRUTA PARA DESENHO DAS MEMBRANAS
ANALISE FISICO-QUIMICO
TURBIDEZ 0,0 LL.N.F. PH 7,22
COR 0,0 Pt-Co CONDUTIBILIDAD 60.269,17 umhos/cm.
ODOR 0,0 TON T.D.5. 40.152,66 mg/L
ASPECTO ALCALINIDADE 125,51 ppm CO3Ca
TEMPERATURA 27 eC DUREZAE 6.583,44 ppm CO3Ca
CDMPOSICﬁO IONICA
ELEMENTO mg/L meq/| ELEMENTO mg/L meqg/|
Ca++ 518,72 25,88 §504= 4.283,64 89,19
Mg++ 1.284,51 105,67 jCl- 21.002,11 592,39
Na+ 12.450,74 541,55 JCO3H- 148,43 2,43
K+ 431,80 11,04 JF- 0,31 0,02
Bat+t+ 0,02 0,00 JBr- 0,00 0,00
Sr++ 5,24 0,12 - 0,00 0,00
Fet++ 0,00 0,00 gNO2- 0,00 0,00
MNH4+ 0,31 0,02 JNO3- 11,00 0,18
Ap+ 0,00 0,00 JCO3= 2,26 0,08
Mn++ 0,00 0,00 §PO4= 0,00 0,00
Zn++ 0,00 0,00 5= 0,00 0,00
Cut++ 0,00 0,00 §5i02 (coloidal) 0,04 0,00
Al+++ 0,00 0,00 J5i02 (soluble) 8,43 0,14
Fet+++ 0,00 0,00 §CO2 5,99 0,14
H+ 0,00 JoH- 0,00
TOTAL 14.691,34 684,28 TOTAL 25.456,18 684,28
OUTRAS DETERMINﬂCﬁES
SUBSTANCIAS TOXICAS mg/L Iatéria organica e outros mg/L
Arsénio 0,00 JDBOS 0,04
Cadmo 0,00 joOo 0,10
Bario 3,14 INitrogéno proteico 0,00
Mercurio 0,00 JCompostos fendlicose 0,00
Chumbo 0,00 jDetergentes 0,00
Selénio 0,00 §Oleos e praxas 0,00
Cromo total 0,00 JHidrocarbonetos 0,00
Cromo 0,00 fsélidos em suspensao 0,21

To determine the production of the osmosis proaaesnbrane projections were made for the two
temperatures (22°C and 30°C) in the project, wehrcand dirty membranes for both temperatures.
The membrane projections are displayed in Attachrb:3. The project was carried out considering
the worst conditions for the membrane projectidtgh in pressure and water quality, so that the
correct operation is guaranteed over the entir@égature range and for any membrane condition.

The project was carried out considering lower peteéows and higher rejection rates, which could
create excessive fouling problems, especially éfifst and last membrane modules.

The flow design is shown below.
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8641.2|m3ln
7.1

39.0558 | pem

CONVERSION GLOBAL PLANTA A1,66%
CONVERSION REAL PLANTA: 41,79%

CONVERSION DF LAS MEMBRANAS 45 002

NUMERQ DE LINEAS a

BALANCE DE ENERGTA POTENCIA ENERGIA ANUAL
2.035,16 17263312
1.694,55 56.936.926

1.097,15 9.216.100
nka De Alta Presién 1.162,64 9.766.181 Ingenieriz Consultora:

PLANTA DESALADORA DE FORTALEZA

Otros consumos y perdidas 9.161.515,07 E B EeGAGUA Pe— AALANCECENERAL
TOTAL 102:344.033

MO ESPECIF Gl 3 3
CONSUMO FSPECIFICO DE ENFRGIA (Kwh/m3) 338 — -

High-pressure pumping, booster pumping, recirculatbn pumping and energy recovery.

The high-pressure pumping system has the fundaimargsion of providing the pressure necessary
to overcome the osmotic seawater pressure andsysessure losses.

A group of motor pumps will be installed for eachrhe. The high-pressure pumps shall be high
performance, made of PREN > 40 Superduplex qustiég!.

The high-pressure pumping system consists of @4 ohcentrifugal pumps with 915 m3/h of unitary
capacity and a TDH = 542.6 mcl.

Four booster pumps will also be installed for hjiressure pumps, with a speed variation of 938 m
and TDH = 83.37 mcl, with materials of identicalatity used for the booster pumps and the high-
pressure pumps.

To recover energy from the brine rejected fromfilst stage, pressure exchange systems (PES) will
be used, as they present the best performancems t&d energy recovery on the market. In this case,
each line shall be composed of a pressure exclsystem that will be consist of 18 exchangers. One
of the exchangers will be a backup, even if itnsnormal operation, because if one of the 18
exchangers stops working, the system can contirmukinmg with 17 without a problem.

In the brine feed collector outlet to the PES, ¢haill be a pressure transmitter and a conductivity
meter. A flow meter and a pressure transmitterl dfealinstalled in the low-pressure seawater inlet
for the energy recovery systems. The seawateheaPES outlet, will have acquired a pressure of
57.5 bar, when entering the recirculation pumpgisncA flow meter, a conductivity meter and a
pressure transmitter shall be installed at the@ugtortion of the recirculation pumps.

At the outlet of the energy recovery systems, feairculation pumps will be installed and equipped
with a speed variator, which shall increase thevagar outlet pressure from the PES until the rexglir
membrane inlet pressure is reached. The matersald in the recirculation pump shall be equal to
those of the high-pressure pump. These pumps witifthigh performance and have a unit flow of
1,090.6 m3/h with a TDH of 68.5 mcl.
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The high-pressure pumps suction tubes must be ofaglass-fiber reinforced polyester. The pump
discharge pipes, the energy recovery system ialedsthe recirculation inlet and outlet pumps must
be made of Superduplex PREN > 40 quality steel.

At the suction of each high-pressure motor groughefpump, there will be a low-pressure switch

that will produce an alert and register in the palrgystem, stopping the low suction pressure pump.
Likewise, a seawater flow transmitter shall be pthat the pump’s suction, to record and issuesalert
resulting from the pump’s eventual low flow prodoat

A pressure gauge, a check valve, an automatic \aalglea pressure transmitter will be available when
operating high-pressure pumps.

At the recirculation pump discharge outlet, a puesdransmitter, a check valve and a motorized
valve will be installed. This pump’s operation Wik set off by the high-pressure pump’s operation,
before it is sent to the Reverse Osmosis’ firgh gtéet.

Regulation of the total seawater flow from the stuwe's feed shall be carried out by the feed pump
to the high-pressure and the recirculation pumpd, far this each pump motor shall be equipped
with a speed variator.

The flow meter and conductivity meter sets shalibed to control the operation of energy recovery
systems and energy recovery efficiency.

The roller bearings in all pumps, as well as matimdings, shall have temperature probes.

Reverse Osmosis Racks

The Reverse Osmosis process consists of 4 memlmaseof one stage each. Each line contains 12
rows and 20 columns, where 226 pressure vessdlbeavihstalled, leaving 14 free spaces for the
tubes. Each tube has the capacity to accommodatmbranes, so the total number of membranes
installed shall be 1582. The membranes shall bebjetiorizontal tubes shared by two rows of
membranes. Two vertical collectors will supplylarizontal tubes.

The plant was designed considering the installatfoeromatic polyamide spiral wound membranes
with a 99.75% salt rejection, with 440 feet of metmembrane area, and system flow less than 14
Imh.

Seven membranes of this type shall be arrangediainer or pressure vessel. The pressure vessels
shall be made of GRP, of a brand known and testesinnilar plants, and projected according to
ASME X. The seawater and brine connections wilirhdtiport.

All pressure vessels shall be installed in a cadiesl structure, painted with epoxy and capable of
bearing 230 pressure tubes.

The permeate obtained in each pressure vessebghtaken to a horizontal collector that transports
permeate water to the vertical collectors. Theie@rtollectors shall be located on the opposite si
of the seawater supply connections to the presassels.

Finally, the permeate will be sent to the geneaddlector that will transport it to the product wate
reservoir, having previously passed through thé-peatment.

A system will be installed to perform a flow measuent at the permeate outlet of each pressure

vessel. In addition, the salinity of each membranthe pressure vessels shall be sampled by the
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introduction of a sampling pressure vessel. Thesasores shall elucidate the operation status of the
membranes installed in the pressure vessels aatamnectors.

On the other hand, a permeate sample shall bél@ustar each pressure vessel, which shall be taken
to a general sampling panel. This panel is to b&lled on a side of the corresponding line. Thioug
this panel and quick connections, it will be pokesiio obtain a measurement of the permeate water
guantity conducted by each pressure vessel, a pteanmdicative of membrane deterioration or
incrustation status.

The RO supply pipes shall be made of PREN > 40 iSupéex stainless steel. The brine outlets shall
be made of the same material. The permeate calfedtee pressure tube permeate connectors and
the permeate piping shall be made of GRP or PPe(akpg on the diameter), until they reach the
product water tank collector.

The connectors between the pressure pipes andrésgective seawater and high-pressure brine
pipes shall be of the Victaulic type. The permeatenectors must be screw threaded.

Chemical Cleaning and Membrane Displacement Equipnré

When considerable membrane contamination happemsembrane chemical cleaning is necessary
due to of pollution from the raw seawater, thisipment shall be used. The equipment consists of a
110 m3 accumulator tank in which the appropriategemt dissolves, in permeate water from the
permeate tank, to eliminate the dirt produced. #&gih will be performed by two agitator pumps.
The cleaning tank will be equipped with an electesistance heating element, a temperature gauge
and an alarm for maximum and minimum levels. Tisemneoir shall be built in GRP.

Once the chemical cleaning solution has been madal] be aspirated by two centrifugal pumps
that will send it to one of the osmosis structufesthe chemical cleaning of its membranes. Two
centrifugal chemical cleaning pumps shall be itetialThe pump materials in contact with water will
be made of AISI 316. The pumps shall have isolatiad check valves, manometers and GRP
interconnection tubes, as well as a flow meter.

The chemical solution will pass through a cartrifijer before it reaches the line, to eliminateatim
reagent particles that remain undissolved. Thierfiis the same type as those used in seawater
pretreatment, and the filter cartridges shall lerchangeable with those of pretreatment. Therfilte
is equipped with isolation valves and inlet andetytressure gauges.

The solution shall be introduced into the feed tobie corresponding structure, behind its isolati
valve, which at this time shall be closed. It pasi@ough the pressure vessels cleaning the
membranes at low pressure, and most of the solutitinbe reject from pressure vessels with
dissolved precipitates and small particles thatrégs, the dirt from the membranes. This outlet
solution is transported back to the cleaning tank.

The permeate line shall leave behind a small amaofuctiemical solution through a vessel facing the
cleaning tank, as a reject, forming a closed clegugircuit.

When carrying out chemical cleaning, the structioddsed circuit and the cleaning equipment must
be isolated, so that valves with limit switches andessories are available for this purpose.

Periodic cleaning of the membranes is a necessacggs for their preservation, as well as the prope
process operation.
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The chemicals to be used in membrane cleaningaaireus and depend mainly on two factors, which
are the type of dirt that has occurred and the &yjgemanufacturer of membranes installed. Therefore
the concrete instructions and products to be ulsallilse defined in the construction and test phases
according to the selected membrane manufacturer.

Whenever there is a prolonged stop in any of theeRe Osmosis lines, it is necessary to displace
the seawater and brine with permeate in the higsgure pumps, recirculation pumps, pressure
exchange systems, piping, pressure vessels and nawe@sb If rinsing is not carried out, the pumping

equipment and pipes may be corroded and precgoitatiay occur in the membranes, leading to

significant fouling.

The permeate water destined for this process bBadalken from the permeate water reservoir.

A centrifugal pump with the same characteristicsclasmical cleaning pumps shall be used for
displacement. The displacement pump and chemieahiolg pumps’ suctions will be connected to
the cleaning and permeate tanks.

The permeate water tank will made of GRP and ha&@0an? capacity for permeate water. It will be
equipped with high and low-level floats, a levalsmitter, overflow tubes, drain and permeate water
inlet and outlet.

The injection of rinse water in treatment linesvexified in the high-pressure pump and in the
recirculation pump suctions, with closing of theresponding automatic valve in the main line and
opening of the access valve to the main line,Herdisplacement of the line subject to this pracess

The mixture of sea water and/or brine with backwaskvater will flow from the pressure exchange
systems’ brine tube to the facility’s general draihe washing process will end when outlet water
conductivity is less than 2000 ohms/cm.

5.4.1.7 Post-treatment

The permeate water at the osmosis rack outletsbeiltreated through a series of post-treatment
processes to achieve quality conditions requiradterms of pH, Langelier Index, chlorine and
fluoride levels.

Post-treatment shall consist of the following tmeamts: CQ, calcium hydroxide, sodium
fluorosilicate and sodium hypochlorite dosages.

CO, Dosage

The CQ dosing equipment consists of two 40-ton capacidyage tanks. The GQhall be stored in
liquid form in insulated tanks at —20°C/20 Kg/cmke storage tank shall be equipped with all level,
pressure regulation and safety control devices.

Starting from the tank, liquid CQwill be decanted, vaporized and brought to roomperature by
an electric evaporator. The @Gtorage tank and vaporizer assembly will be |lat@ean open,
fenced compartment.

The vaporized C®shall be connected to the corresponding controklpto allow carbon dioxide
expansion, measurement and regulation based ondGsage flow and the pH of the water to be
treated. The control equipment shall consist okeatended steel gas pipeline, valves, expansion
reducer, rotameter flow meter, regulating valvesniiold, injection valves, pH meter and €0
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injection system. The CGhall be injected into the permeate water tuberieghe calcium hydroxide
dosage.

Calcium Hydroxide Dosage
The planned facility for the calcium hydroxide dgsaystem consists of:

v" Two silos, with a volume of 100 m3 and an agitagstem, for calcium hydroxide storage.
v" Two calcium hydroxide screw feeders with a freqyewariator, to regulate the amount of
lime to be added to the sludge preparation tardgraing to the permeate flow obtained.

v' Two tanks for the preparation of lime slurry with7a0 m3 capacity, to prepare calcium

hydroxide at a concentration of 50 g/L continuouslyuipped with an electric mixer.
v' 4 + 1 feed lime metering pumps

Sodium Fluorosilicate Dosage

Sodium fluorosilicate dosing is projected to compith the fluoride content regulation for drinking
water.

For this purpose, two fluorosilicate tanks of 1eah in capacity, built in GRP, equipped with level
transmitters, high and low-level switches, drainagerconnection tubes and other accessories shall
be provided.

The fluorosilicate injection is performed by thraetering pumps (2 + 1), one of which is a reserve,
of the positive displacement type. The pump mdteraae as follows: PVC body and boxes,

polyethylene seats, PTFE membranes, viton sealgastthg crankcase. The pumps’ nominal flow
of the pumps is adjustable between 10% and 100§ajaton is automatic, with operation from the

control panel, for which the metering pumps will sagoplied with the corresponding servomotors.
The elected pipes for fluosilicate dosage are nohdR/C-U.

Sodium Hypochlorite Dosage

Two GFRP 1 mtanks are provided for post-treatment hypochlatising, with level transmitter,
high and low-level alarms and other accessories.

The hypochlorite injection in the water is perfodri®y three metering pumps (2 + 1) of the positive
displacement type. The pump materials are as feti®WC body and boxes, polyethylene seats,
PTFE membranes, viton seals and casting crankthegaumps’ nominal flow is adjustable between
10% and 100%; regulation is automatic, with conpahel operation, for which the metering pumps
will be supplied with the corresponding servomotdrse hypochlorite dosing pipes adopted are
made of PVC-U.

5.4.1.8.Complementary Services
Instrument and Service Air System

Both proportional and complete opening control galyon/off) shall be supplied with an electric
drive, so that the air system is assigned onlyrfstrumentation and services.

Two air compressors for instruments and servicdisbeiinstalled, with a compressed air tank and
air cooling, oil separator, automatic purging amgeds. It shall be a double-acting compressor, or
threaded with oil, and work at 8 Kg/erof pressure. It will have an accumulation tank.

The compressors will operate in the following manne
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v' The compressor automatically enters the load whenptedetermined low air pressure is
reached.

v' The compressor stops automatically when the predeted high pressure in the accumulator
is reached.

The project previews the installation of an instemnand service air system that reaches the
necessary points, installing the traps and othegssories necessary for correct facility operation.

Service Water System

To supply service water at the plant, a presswegconsisting of a 10-bar pressurized accumulation
tank, with 4 ni capacity, AISI 316 L steel parts in contact witater and two (1 + 1) multicellular
pumps will be installed. Each pump shall have g 10 ni/h at a 6-bar pressure and be built in
AISI 316 L. A service water network built in HDPEadl be available throughout the factory.

Elevation and transport equipment

For the maintenance operations of high-pressureommimps, booster pumps and BAP pump
recirculation, an overhead crane will be mountedhia Process Building and with a full-length
trajectory to reach all this equipment.

For seawater pump maintenance operations, a badge will be installed in the Intake Building,
extending to the pumps’ full length.

In addition, a winch will be installed to excharfgeer cartridges as needed.
Stairs and platforms

The necessary platforms and ladders shall be #@@illo access all elements of operation,
measurement and control, such as equipment, instrisnvalves and others. In particular, any
facility site that must be periodically visited hyaintenance or operating personnel must have easy
and safe access.

The stairs shall have handrails on both sidesangd that require it. The platforms must have rails
with a minimum height of 1.1 meters, incorporatthg elements necessary to make it removable for
maintenance, in areas that require it. Air duagnsection, with headroom less than 2.00 m, will be
avoided. Stair and handrail structures can be ro&8&PV, painted steel or AISI-316.

The Tramex platforms and trays will be made of pstgr, galvanized steel or stainless steel and will
be divided into sections to allow their disassenibtymaintenance.

All necessary supports and fasteners shall beadlail All elements will be designed to support the
weight of operators, tools and parts of the inatalh that may be placed during assembly,
maintenance and periodic assessments.

Fire-fighting system

The fire system shall be composed of fixed firdreyishers, strategically located on the premises
and complemented with portable fire extinguishersufficient quantity and quality to attack thefr
that could take place.

In addition, the facility shall have a detectiostgym, which shall basically consist of monitorimgia
central control. This panel contains different manouttons, alarm bells and detectors. The latter
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shall be appropriate type, according to placemadttae quality to be monitored (smoke, gases,
flames or heat), to guarantee maximum speed iddtextion of a possible fire. The aforementioned
shall comply with applicable laws and industry regunents.

Brine discharge

The brine reject from the membranes, after passiraugh the pressure exchange system, shall be
sent to the brine tank and from there to the $eaugh the outfall.

Laboratory e workshops

The laboratory and workshops will have the necgssamipment and instruments for correct process
supervision and control.

Replacement parts
Recommended replacement parts for one year of opeia@e included.
5.4.2. Effluent and Waste Management

The pre-treatment selected, with a double filtrastage, uses brine generated in the osmosis groces
to backwash the filters. In this manner, the enarggded to produce more filtered sea water that
would be used to backwash the filters is reducedddition, brine controls bacterial loads on the
filter beds, by creating salt stress over the nugganisms present.

Once the brine wash cycles are finished, befordiliee is put back in service, it is necessary to
remove the brine from their structure. For thig fifter is put in filtration mode, to be filled
seawater and discharge filtered water (mixturerifeband seawater) into the brine storage tank that
was used in the filter washing process.

Each filter washing cycle generates a volume afébloaded with the solids retained in the filterd a
another from the seawater and brine mixture (itriglcompletely disposed); its solid content i&/Jo
since the water discarded would be filtered andhitiee used for washing would also be free of
solids.

The washing water does not contain chemicals, lsadalids removed from the filters are those that
normally contained in seawater. Eventually, theeg ilme smaller amounts of ferric chloride (used as
a coagulant) at the filter inlets, to improve fitéd water quality.

It is a common practice to mix these waters withlihne produced and discard the mixture into the
sea through a brine discharge pipe. In accordaitbesxisting legislation or EIA recommendations,
it is possible to incorporate a system to sepawatghing water solids to reduce its concentration at
discharge.

The chemical products suggested to wash the rewsms®sis membranes are acidic or alkaline
formulations with detergents or dispersants, maddiminate solid deposits on the membranes.

The options elected in this case will be previoustytralized in the chemical cleaning deposit and
CIP, before being transported to the brine disah&agk.

A recirculation pump draws water from that tank aerns it to the same tank. A pH and a Redox
meter shall be placed at the suction pipe to cbrnemical dosing in the recirculation pump
discharge pipe, until the pH and Redox potentialeyual to those of seawater.
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After several minutes with a stable pH and Redotemital, within the limits established by the
environmental agencies, a set of valves allowdahk to be emptied into the brine pond and then
discharged into the sea.

The effluent treatment systems shall be executégeiiollowing manner:

v" The neutralization of cleaning chemicals neutrailimashall be performed in the same tank.

v' The water mixture from the closed filter brine baekhing, before being discharged into the
sea by the submarine outfall, must have its conagoh of suspended solids reduced to
comply with current legislation. The normal suspethaéolid values that can be found in
seawater when adopting an intake system as projosed present study ranges from 10 to
15 ppm. Studies show that with a higher intakeotifls, 20 ppm, the concentration of solids
in brine discharge would be 35.5 ppm. These solikis,dissolved salts, would be quickly
dispersed in the sea without major impacts on theima environment. The final process
definition will depend on the recommendations mdie the environmental agency
(SEMACE), at the time of environmental licensinged@nding on the analysis and the
requirements of the environmental agency, an awtitiwashing water treatment may be
deemed necessary.

v’ Itis important to highlight that in none of thesdéination plants operated by GS INIMA there
was a request from environmental agencies fortsiliation of equipment for the treatment
of brine used to wash sand filters.

v" Plant drains will be conducted to the brine tanktfe discharge section, where a sodium
metabisulfite dose shall be injected to neutrateechlorine possibly contained in the drains.

v Industrial waste: oils, solids, chemicals and athtbat will be properly classified and taken
to companies authorized for their collection, tneant and final disposal.

v' Wastewater treatment: considering a water consemti 150 L/person/day, a maximum of
40 people and that 80% of the total water consuwikdesult in treatable wastewater, during
the operational phase of Project 4, 8day of treatable wastewater shall be generated. Th
content from the sanitary sewer networks shall é&at ¥y gravity to the public sewage
collection network in the plant’s vicinity, assumgithere is a connection to this network. If it
does not exist, it will be necessary to installuanping well with submersible pumps at the
lot entrance, to direct the sewage to the publibvak, according to NBR 8160/99
requirements.
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6. Civil Construction

6.1.Introduction

This document presents the calculation assumptamts premises considered for this reference

project

This pr

oject includes the following specialties:

v" General installation infrastructures:

<

* Landscaping;

* Drainage;

* Pavement,;

* Landscape integration;

» Outdoor lighting network.

Building architecture (described in Chapter 8);
Building and processing branch structures;
Building’s water network:

» Potable Water Supply Network;

* Domestic Sewer Collection Network;

* Rainwater Drainage Network.

General Electrical Grid:

* Normal lighting;

» Safety lighting;

* General use power outlets;

* Grounding system,;

* Switchboards;

» Safety installations;

* Telecommunication;

* Fire detection and fire extinguishing systems.

The installation shall consist of the following maitructures:

v

v

v

v

Intake Tower — structure in the high seas wherevata is collected, then guided by a
submerged pipeline to the Collection Chamber;

Collection Chamber — buried at a depth of aboud@4n, this chamber serves to install the
pumps that will pump the water collected from tka.d\ext to this Chamber there is a first
phase of water disinfection;

Filtration — £ and 29 phases — composed by high cylindrical tanks, iit ihis zone that the
finer particles are retained with sand;

Process Building — this building houses most ofggraess equipment, namely the osmosis
pumps and filters, as well as the remineralizagbase;

Administrative Building — situated next to the Rees Building, it shall serve as support and
process control, containing the Transformation P&stinting Room, Meeting Rooms,
Sanitary Facilities, Workshop, Laboratory, Waterddum, etc.;

Electrical substation — it shall transform the 63k&twork power into the respective voltage
that shall feed the Transformation Stations;

Water Tank and Pumping Station - with a capacitg&JI0 m3, this reservoir serves to store
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the water produced in about half an hour. The jBimnping Station will serve to house the
pumps that send the water to the DELIVERY POINTS.
This Project was based on the Hydraulic ProcessAactuitecture Preliminary Study Project.

The following is a description of the conditionsttwall options considered, solutions adopted and
the methodology followed in the preparation of tArgject.

6.2.Conditions

There are some structures at the new plant sitarthat be considered in the project, namely some
houses and a workshop.

The workshop and neighboring residence shall deooeded and demolished.

Geroncio Brigido Neto street shall be partiallydise

6.3. Preparatory Works
6.3.1.Demolitions

There are a few residences and a workshop currklrtdyed on one of the blocks pertaining to the
area planned for desalination plant implementatidrich will require demolition.

6.4.Platform Infrastructure
6.4.1.Landscaping

For landscape platform implementation at the Cépteant area, the reference level of + 13.49 m was
used.

Prior to the earth movement execution, the remofraégetation with an average thickness of 0.20m
shall be carried out.

Embankments shall consist of material preveniesrhfborrow sites, since the entire platform shall
be over an embankment. 1:2 slopes (V/H) are recardetefor embankments.

6.4.2.Drainage

The rainwater drainage network is intended to dveater from the plant's platform, internal roads
and surrounding land.

The proposed drainage system layout is presentdut idrafted pieces.

After an analysis of the data collected and progdagout, a pre-sizing assessment was performed
considering the size and shape of the contributiggrographic basins, rainfall intensity, the
respective time of concentration and return period.

The period of return adopted was 5 years for daliof 5 minutes, with a precipitation intensity o
0.0367 L/s, considering Fortaleza'’s the rainfateda

Thus, the following bodies were considered to dthengenerated flow:

v' Reinforced concrete pipes;
v’ Inspection pits;
v Discharge nozzles;
v' Water drop inlets;
v' Water drops;
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Energy dissipators;

Drainage grid channels;

Half pipe drains;

Trapezoidal ditches for slope protection;

Gutters and concrete flowlines on internal roads;
Sub-horizontal drains;

Slotted drain inlets;

v' Grate inlets.

AN NI NI N VNN

6.4.3.Pavement

The interior streets shall have a total width & meters with a single cross slope of 2%, witheystt
and/or concrete flow lines on the sides.

The pavement of the internal roads and the acaesk shall have a hot-mix bituminous concrete
finish.

For the Capture Chamber and Filters area a graing will be provided.
6.4.4. Landscaping Integration

Grass planted in slabs, trees planted in the ec#rarea and hydrosowing shall be provided in all
other unpaved areas.

6.4.5.Fencing

The plant’s platform will be enclosed with a riggkkaert fence established over a 0.50 m high
reinforced concrete base.

6.4.6.0utdoor Lighting Network

The location, number of light points and light €ire types will obey the assigned architect’s aater
always respecting NBR 15129 of 07/2012. Howevethiatstage, the outdoor lighting network has
already been identified (see project drawings).eAdf light fixtures was distributed to illuminate
essential spaces, street network, the substatidrfilker area. This was based on NBR 15129 of
07/2012. The distribution undertaken at this stafj¢he project may change according to new
elements received.

The switchboard in the Administration Building walupply the Main Switchboard of the Final
Product Storage Building and Pumping Station, whigh have an installed electric power of
approximately 1020 kVA. The installation of a respible infrastructure is expected, allowing the
interconnection of the buildings’ switchboardsabtdition, the Desalination Plant’s outdoor lighting
shall also be powered by the Electric Panel tabtlled in the Administration Building.

The complex shall have inspection pits installedtlom pavement, to facilitate the passage and
installation of cables that shall feed electricditastructures.

6.5. Structures

6.5.1.Introduction

The structures considered in this reference prajext
Intake Chamber and its respective building;

Foundation for para the Filtration Reservoirste ' Stages;
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Process Building;

Administrative Building;

Electrical Substation structures;

Product Water Tank and Pumping Station.

This Structural Project was based on the architaksolution presented in the corresponding chapter
The following is a through description of the cdradis, options undertaken, solutions adopted and
methodology followed in the preparation of thisustural Project.

6.5.2.Structural Solution

The structural design aimed to obtain a resistanttire, as inexpensively as possible. It shéillfu
the proposed architectural prerequisites entiedlgying a simple and efficient construction praes
adapting itself to a reduced construction periodl mrandatorily meeting its structural function with
total safety.

The structural foundations and the subsequent tcatsmission onto the ground is guaranteed
through indirect foundations, of the site-moldel@ptype, with diameters of 100 cm or 120 cm.

6.5.2.1.Intake Chamber

For the intake chamber, a structure made entiretginforced concrete with walls with thicknesses
between 40 cm and 60 cm was designed. The deessalcm thick.

For the protection of equipment and external tanksietal cover based on metal frames composed
of HEA200 vertical elements and IPE300 beams wigstsel.

6.5.2.2. Process Building

For the process building’s ground floor slab, threppsed solution consists of a 30-cm thick
reinforced concrete floor slab. This slab unloads®et of beams, which, in turn, carry the loads t
the foundation blocks that lay over the piles.

For the building's facades and roof, a metalliactire was projected, consisting of several ASTM
A572 GR50 medium steel profiles, through main gdreanes, 7.5 m apart. The portal pillars shall
be made of HEA300 type profiles and IPE400 trudse&ed by IPE200 or IPE240 profiles.

6.5.2.3. Administrative Building and Brine Reservoir

For the Administrative Building, reinforced con@dteams and pillars were designed to support the
floor slabs, also made of reinforced concrete, r130ocm thick.

The brine reservoir is rectangular geometry plah®20 by 5.60 m, with an interior liquid height of
6.0 m. Walls entirely made of reinforced concretgh thicknesses varying between 30 and 50 cm
are suggested. A solid reinforced concrete slab deaggned for the bottom slab, with an overall
thickness of 35 cm and 50 cm under the peripheadiibases.

A 20-cm reinforced concrete slab is projected teecdrine reservoir, which coincides with the slab
on the 1st floor of the Administrative Building.

6.5.2.4.Pumping Station and Product Water Tank

The product water reservoir has a rectangular shagea plan of 26.00 m by 6.00 m, with an interior
liquid height of 5.0 m. Walls fully built in reinfoed concrete with thickness varying between 30-40
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cm are projected. A bottom slab of solid reinforcedcrete was established, with an overall thicknes
of 30 cm and 50 cm underneath peripheral wall bases

The pumping station structure consists of a 25kinktreinforced concrete ground floor slab, dirgctl
supporting a set of reinforced concrete guttersiyhn turn, are supported by foundation beams with
a 30 cm base and 80 cm high section, which tranisétoads to the foundation blocks at the pile
heads.

The pumping station roof slab consists of 20-croktisiolid reinforced concrete, which supports a set
of reinforced concrete beam frames and pillars.

For the slab covering the product water resenai25-cm reinforced concrete slab is projected,
supported by the reservoir walls and 80-cm talhtea

6.5.2.5.Filter Support Structure

The first and second stage filters consist of Aihdyical reservoirs, 24 m long and 4 m in diamegter
each weighing approximately 450 tons.

These reservoirs are elevated from the groundgb&ipported by reinforced concrete bases, fixed
on piles. A pile cap block makes the connectionveen the pile and the base. Longitudinal beams
will also be provided support the massifs, to tesceentricity due to pile loading and positioning.
These beams will also serve to standardize théesehts between the foundations of the same
reservoir.

6.5.2.6.Electrical Substation

For the plant’'s electrical supply, a 69/13.8 kV dileal substation with approximately 15.50m x
11.70m will be built inside the platform.

In civil construction terms, the works projected tlois substation are:

v' Equipment support foundations and structures;
v" Power Transformer foundations;

v" Foundations for the switchboard containers;

v Platform gravel coating;

v’ Peripheral Sealing.

This contract shall also provide the necessanastfucture to route the underground electric supply
wiring between the substation and the transformatimsts inside the buildings.

6.5.3.Geotechnics, Foundations and Excavations
The Attachment 28814.8 presents a Geotechnical iRgpecific to the area.
Based on these elements, two types of foundati@ne wonsidered for the plant structures:

v Indirect pile foundations - for the main structyrasch as buildings, the Collection Chamber,
reservoir and filtration tanks, pile foundationsttwil000- or 1200-mm diameter and an
approximate length of 30 m shall be considered;

v' Direct foundations - for secondary structures ahdsé¢ less susceptible to different
settlements, such as the Substation and lightépmemt foundations, direct foundations with
contact voltages not exceeding 150 kPa were elected

v Soil excavation - conventional mechanized excawnatias projected.
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v" Rock excavation — thermal spalling with mandat@® af pre-cracking, a process also known
as sculptural spalling.

For the specific Collection Chamber case, a cudgjet-grouted columns is expected (approximately
32 meters long each), which shall serve as a teempaontainment from a structural point, as well

as an important wall permeability reducer. Thistaiar will be sealed by steel struts during

excavation, that shall guarantee safety and thstagstion of the final walls in reinforced concrete

The execution of a pit bottom buffer with 4.0 mcthjet-grouting drying columns is also projected.
Column diameter and spacing must be defined bygdiné¢ractor, in order to guarantee bottom plug
closure, and consequently, ensure tightness abtbavation pit bottom.

6.5.4.Materials
6.5.4.1.Concrete

The structural concrete to be used for the elementst be the C40 (fck = 40 MPa) type, according
to NBR 6118/2014, which classifies the environmeaggressiveness as a class IV — Very Strong —
Marine Environment — Table 6.1.

The maximum water/cement ratio adopted is 0.40.&¢wonsumption should be at least 390 Rg/m

CP 111-40 cement (with 70% blast furnace slag cot)tshall be used. Sulfate Resisting Cement or
any other that compromises mixture resistance laridke aggression shall not be used.

In the Collection Chamber, 10% silica fume shallised over the mortar.

The lean concrete to be used shall have fck = 18 MBistance.

Covers to be elected for reinforced concrete syathf at least 50 mm in slabs, beams and columns.
The structures in contact with seawater shall lrarenimum coverage of 70 mm.

6.5.4.2.Concrete Finishes and Protection

Although this document suggests structural waterfonrg and protection material, it is essential that
there is an executive waterproofing project.

Metal shapes and appropriate release agents sheulsed for all exposed concrete elements.
Elements in contact with soil:

v" Two crossed coats of asphalt emulsion accordifgBR 9685, with at least 3.0 (three) mm
of dry film thickness

Elements in contact with water:

v' Two crossed coats of epoxy paint coating (Icosit( TW from Sika or equivalent) on an
epoxy-based primer (SikaGard 720 EpoCem from Sileqjaivalent)

v" Permeability-Reducing Admixture for Hydrostatic didions (PRAH) according to ACI
212.3

v All concrete joints should receive hydro-expandimgfiles glued along the entire length

Outdoor exposed concrete elements:

v Painting with three coats of acrylic sealer, actwydo NBR 15.885 (Igolflex Fachada da
Sika or equivalent)
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Interior floors:

v Finishing with mechanical trowel and floor hardeagplied by sandblasting (SikaFloor 3
QuartzTop from Sika or equivalent) with epoxy pdBikafloor 390 from Sika or equivalent).

6.5.4.3.Steel

The passive reinforcement steel will be of the @AdSyd = 435 MPa and fsyk = 500 MPa) and CA-
60 (fsyd = 521 MPa and fsyk = 600 MPa) types, atiogrto ABNT 7480/ 2007.

The following steel types shall be adopted forrietallic structure:

v ASTM A572 Grade 50 in profiles and plates (fy = 34Ba and fu = 450 MPa);
v ASTM A500 Grade A in tube profiles (fy = 274 MPadai = 320 MPa);

v/ S350GD + Z275 (EN 10346) in purlins (fy = 350 MRaldu = 420 MPa);

v' ASTM A325 Type 1 (fy = 635 MPa and fu = 825 MPa)sanews;

v ASTM A193 Grade B7 (fy = 725 MPa and fu = 860 MReaanchors bolts.

6.5.4.4 Steel Protection

For the metal profiles and passive armature steleétemployed in the Collection Chamber, the use
of epoxy coating is projected as specified below.

Surface Preparation
v Abrasive blasting at SA 2 Y2, according to ISO 8301-
Painting

v Application of a 10um epoxy zinc rich primer coat with glass beads (Hadur AvantGard
750 or equivalent);

v Application of a 20Qum epoxy intermediate coat (MIO Hempadur 47300 aivetent);

v Application of a 10Qum polyurethane finish coat (Hempathane 55930 oivatgnt), in the
final design color;

6.5.5.Calculation Actions

In the structural studies, the Permanent Load®sponding to the weights of specific materials used
were considered, as well as the loads resulting free.

6.5.5.1.Permanent Loads

v Structural steel weight 7.85 tf/m3
v' Concrete weight 2.50 tf/m3
v' Glass weight 2.50 tf/m3
v Floor covering 0.10 tf/m?
v' Covering 0.25 tf/m?
v Covering (toilets and offices) 0.25 tf/im2
v' Coating (coverage) 0.25 tf / m2

6.5.5.2.Live Loads:

v' Load - Slabs (stairs) 0.30 tf/m?
v' Load - Slabs (offices and restrooms) 200 tf/m2

v' Load - Accessible terraces 0.10 f/m
v' Load - Non-accessible roofs 0.05 tf/m2
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v' Load - Slabs 0.50 tfim2
6.5.5.3.Retraction
Retraction was related to a uniform temperatur@tian of —20°C in a simplified manner.
6.5.5.4.Temperature Variation

To assess this indirect action over concrete el&naruniform value of +/- 15°C was considered, as
indicated in NBR 6118. And since it is a slow actithe concrete’s secant elastic modulus value was
reduced in half.

6.5.5.5.wind

The wind actions were determined according to NBR361988, considering a basic speed of VO =
30 m/s, a statistical factor of S3 = 1.00, a toppbic factor of S1 = 1.0 and a terrain roughness
category Il for a Class C building.

6.5.5.6.0verhead Crane Mobile Load
Overhead crane loads with the following capacitese considered:

v' Collection Chamber - 5 tons;
v" Process Building - 15 tons;
v" Pumping Station - 5 tons;

6.5.6.Combination of Actions

The combinations of actions considered are thoserited in standards NBR 8800, NBR 6118 and
NBR 8681, using those in which the base variabkomas are overloads, uniform temperature,
retraction and wind, with the following partial sf factors.

vt Yo Y1 Y2

Own weight 1.40/ 1.00* | ---
Permanent 1.40/1.00*| ---
Retraction 1.40/ 0.00* | ---
SC Ficoring and stairs 1.40/0.00* | 0.6 0.4 0.3
SCroof 1.40/0.00* | 0.0 0.0 0.0
Temperature 1.20/0.00*| 0.6 0.5 0.3
Wind 1.40/0.00* | 0.6 0.3 0.0

*If the action is favorable

Last Combinations of Actions

v' Combination 1=y - Permanent actions y; - [Main variable action o - Other variable
actions]

Combination of Service Actions
Quasi-permanent
v Combination 2 = Permanent action¥#- Variable actions
Frequent
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v Combination 3 = Permanent action¥+- Main variable action ¥, - Other variable actions
Uncommon
v Combination 4 = Permanent actions + Main variabteoa +W; - Other variable actions
6.5.7.Calculation Methodology

To obtain the calculation models that defined tinecsural behavior of this building, the SAP2000
automatic finite element calculation program wasctd.

The program uses the finite element method to elizer the structure, and the static calculation is
performed by solving the following system of linemuations:

Ku=R
Where:
v K — stiffness matrix

v' u — displacement vector
v" R —load vector

The dynamic analysis is obtained through the faltgnsystem of dynamic equilibrium equations,
which relates soil movement to the structural respo

M1 + Ci + Ku = M,
Where:

v' M - mass matrix

v' K - stiffness matrix

v' 1, — ground acceleration

v' C — damping matrix

v u’, u’eu - acceleration, speed and displacenfaheastructure

This program solves the equation systems usingnibee overlapping method for an approximate
response spectrum.

The ground acceleration curve is introduced thraughble that relates the spectral acceleratiam wit
the respective period.

Ground excitation can occur in three directionso tw the horizontal plane, perpendicular to each
other, and the third in the vertical plane.

The determination of maximum effort and displacetaé&ndone by calculating the modal responses
associated with the main excitation directions totdl response, corresponding to the sum of the
responses associated with the three directiongubgratic combination.

6.5.8.Safety Verification and Sizing

Verification of the structure’s security, in refati to the Last Limit States and Usage Limit States,
was carried out based on the efforts determinexitiir the structural analysis previously described
and based on the regulations in force that areifigeb the next chapter.

6.5.9.Regulations and standards

For the elaboration of this Project, the followmggulations and standards were used:
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v" [1] NBR 6118-2014: Concrete Structure Design cBdure.

v' [2] NBR 12655-2015: Portland Cement Concrete - 8raon, Control and Receipt -
Procedure.

v" [3] ABNT NBR 8681-2003: Structure Actions and SgfeProcedure

v" [4] ABNT NBR 8800-2008: Steel Structure and Mixe@& and Concrete Structure Design
for Buildings.

v" [5] ABNT NBR 6120-1980: Loads for structure caldidas

v" [6] ABNT NBR 6122-2010: Foundation designs and exiens

v' [7] ABNT NBR 6123-1988: Wind loads on buildings

6.6. Water Networks
6.6.1.Water Supply Network

The cold potable water network originates from Bublic Infrastructure Network. It is understood
that the public network has the necessary flowdiadheter conditions to supply these facilities.

Only one pressurizing plant was projected to guarathe pressure necessary to supply all water
consumption devices.

A totalizing water meter shall be installed doweam of the public network branch valve, next to
the building's facade.

Ball valves shall be installed for diameters u@tp butterfly valves shall be installed for larger
diameters.

A connection between the water distribution buiddand the sanitary sewer building networks will
not be allowed.

Water supply to the sanitary parts will be caroed without jeopardizing their potability, prevergi
their contamination, either by contact or aspiratd residual water in case of depression.

The basic elements related to building water digtion were the part types projected for use, their
minimum flow rates and respective pressures (aaogid ABNT NBR standards).

To obtain the water supply network’s sizing, thadaunits or relative weights method was used.
Relative weights are established empirically inction the project’s design. The amount of each type
of working parts supplied by the pipes includedhi@a calculation is multiplied by the corresponding
relative weights; then, the sum of the values oleidiin the multiplications by all part types
constitutes the total sum of the weigliE®}).

Using the equation presented below, this sum iseded into the total simultaneous demand of parts
group, which is expressed as a flow estimate tads® in pipe sizing. This method is valid for
facilities intended for normal use of water andipgad with sanitary appliances and usual working
parts.

Q = 0.30 x (ZP)1/2
Where:

v' Qs the estimated flow in the considered sectiotitérs per second;
v' XPis the sum of relative weights of all working pasupplied by the respective pipe.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

[ P .
98/29\. Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

The diameters are determined based on the flow ftate velocity and pressure drop in the pipes.
The diameters to be used are those indicated idrtfts.

Flow velocity in the pipes were obtained based lanftow rates and pipe diameters, and have a
maximum value of v < 3.0 m/s.

Under dynamic conditions (with flow), water pressat the points of use must be established to
guarantee the projected flow specified by law angper operation of the working part and the
sanitary apparatus.

In any case, the pressure must not be less th&iPaOwith exception of the discharge valve site
towards the sanitary basin, where pressure mudientgss than 15 kPa.

Under static conditions (without flow), water pregsat any usage point of the building's distrituiti
network should not exceed 400 kPa.

The occurrence of overpressure due to water hammastbe considered in pipe dimensioning. Such
pressures are permitted, provided they do not ex266 kPa.

Head loss throughout a pipe depends on its lengdhrdernal diameter, internal surface roughness
and flow. Pressure drop in tube connections, compgadse piping, must be expressed in terms of
tube equivalent lengths.

A real pipe length percentage has been estimatiég a&gjuivalent length needed to cover head losses
in all connections. This percentage may vary frdfolto 40% of the actual length, depending on
pipe design complexity.

The pipes to be considered will be the following:

v" Brown rigid PVC with welding tip and pouch, for tfibution lines embedded in masonry or
exposed, with diameters up to 110 mm;
v" Rigid PVC with elastic joints, class 20, PBA-tyjrethe buried network.

The pipes shall be installed on a mat over thenggiexposed, embedded in the masonry or buried.
Pipe minimum diameter, including sub-branches, bel25mm.

The distance between pipe supports must respeaifanrer recommendations. Individual water
meter valves shall be installed in every branch @mthection and kept in a visible, accessible and
easy to identify location, allowing tube isolati@ven of those that are small, for maintenance and
repair operations.

According to the law, buried pipes must be at I&istm under their bedding, and 30 cm deep in
other occasions.

6.6.1.1.Network Accessory Elements

Piping

Brown rigid PVC, with welding tip and pouch and miieters up to 110 mm.
Rigid PVC with elastic joints, class 20, PBA typethe buried network.
Reference: Tigre, Amanco or equivalent.

Valves and Meters
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The ball and butterfly valves shall be installedha sites established in the project, and shatl atfi
water flow for facility maintenance.

Water meters up to 4” must be in bronze, threadti,a non-rising stem.
Water meters above 4” must be made in flanged leronz

Reference: DECA, FABRIMAR, DOCOL.

Equipment

Before installing any equipment, the manufacturashibe consulted in order to provide all necessary
equipment manuals, to allow the responsible prajeas to install all automation equipment
correctly.

6.6.2.Domestic Sewage Collection Network

All sanitary sewage shall be collected in the sagitlevices through the discharge branches. The
discharge branches shall deliver their effluentsaitectors, and later to a manhole.

All sanitary sewer networks shall run by gravitythe public sewage collection network around the
plant area, presuming there is a quota for thia ot

In case it does not exist, it will be necessarynstall a pumping well with submersible pumps & th
lot entrance, to route sewers to the public netvamdording to the requirements of NBR 8160/99.

Sanitary sewer drainage will consist of:

v Extension connections for various devices;
v" Manholes and buried collectors;
v Ventilation network gathered in groups under thaf,rm order to minimize holes in the roof.

The piping will be installed in a manner that al®fer desilting or repairs to take place whenever
necessary.

There should be no diagonal or oblique piping, pkoethe discharge branches of the sanitary pjeces
as long as there are no inconveniences.

According to NBR 8160, the open end of a primargtiation pipe or ventilation column must not

be located less than 4.00 m from any window, doaeatilation gap, unless it is raised at leas01.0

m above the lintels of the respective spans. Ittrals® be located at a minimum height of 2.00 m
above the roof, when located in technical areagvAlihe roof, ventilation columns must be made
of cast iron or galvanized steel and must haveilagion terminals.

All tubes will have the sections that indicatedhie drawings, or those recommended by regulations.

The surface or visit pipes will be classified acting to the nature of the transported waters,
according to the established standard rules.

No connection between the buildings’ water distiidu network and the sewage collection network
shall be allowed.

The sanitary sewage collection and disposal systeocompletely independent of the rainwater
system, with no possibility of connection betweeen.

6.6.2.1.Sizing
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The collection networks were dimensioned accorthigBR 9649, “Execution of Public Wastewater
Systems” and NBR 8160/83.

The Hunter Contribution Units (HCU) method was uB®dhe sanitary sewage network sizing.

An HCU is the numerical probabilistic factor thapresents the frequency of use associated with the
typical flow rate for the different parts of setdfferent devices operating simultaneously, attiime
of maximum contribution (Plinio, T.).

According to NBR 8160/83, the minimum nominal diaems of the discharge branches must be
respected.

For dimensioning and corresponding hydraulic chettiesManning Formula was used:
Where:

v Q - flow, in m/s;

A - wet perimeter area, inan

R - wet perimeter hydraulic radius, in m;

i - collector slope, inm / m,;

n - roughness coefficient (PVC n = 0.010);

AN NI NERN

The minimum nominal diameter of the discharge bnasawill be 50mm.

The minimum nominal diameter of the pipe used andbllectors will be 2700mm.
6.6.2.2 Materials

The pipes to be considered, in the apparent anddoetwork, will be the following:

v Rigid PVC reinforced pipe for collectors, drop tslad the buried network;
v" Normal Rigid PVC for the discharge branches andségilation network.

The pipes will be embedded in the masonry or buried
6.6.2.3.Syphons / disconnectors

Disconnectors are devices provided with a watel, siesigned to stop the passage of gases in the
opposite direction to the sewage displacements@ditary appliances must be served individually or
collectively, by disconnectors. Brazilian standsi8BR 8160 recommends a 5cm minimum height for
disconnector water seals.

6.6.2.4.Regulations

For the performance of this study and in all otbases, all current technical standards will be
respected, includingBNT - Brazilian Association of Technical Standards:

v' Regulations and Guidelines from the Water and &aoit Company of Cuiaba-MT
(SANECAB);

v" NBR 8160 - Building Sanitary Sewage Systems - Dreaigd Execution;

v BR NBR 9649 - Sewage collection network designs;

v NBR 5688 - Building rainwater, sanitary, sewage aadtilation systems - PVC pipes and
connections, DN type - Requirements.

6.6.3.Rainwater Collection Network
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The rainwater network drainage shall be carriedtbutugh the traditional system and includes
drainage of rainwater from the roof.

Rainwater drainage shall consist of:

v' Hanging gutters along the roof;

Pending projected in the roof;

Rain gutters along the roof;

Dome drains and drop tubes;

Overflow pipes to be provided for roof gutters ardund the drains, with the dimensions
indicated on the planks;

v" Buried manholes and collectors.

AN NI NI

Rainwater from the roof will be transported by grato the outdoor drainage network.

The pipes that are apparent or subject to visitatiwall be identified according to the nature @ th
water they transport, according to the establisteddards.

A connection between the building’s water distribntand the rainwater collection networks will not
be allowed.

The rainwater collection and destination systenestatally independent from the sanitary sewer
system, with no possibility of connection betweeen.

6.6.3.1.Sizing

To determine the project discharge to be usedamyhlraulic design of drainage devices, the Rakiona
Method was used, through the expression.

Q=C.iA
Where:

v' Qs the project peak discharge (m3/s);

v C is the runoff coefficient;

v’ iis the rainfall intensity considered (m3/s.ha);
v' Ais the drainage area (ha).

The following values were adopted based on watefprg of the drained surface:
Coverage: 1.00.

When calculating rainfall intensity, a return perifl) of 10 years and a rainfall duration (t) of 5
minutes will be considered.

The rainwater drainage system runoff devices wesgthed based on the Manning-Strickler formula,
associated with the continuity equation, throughdkpression:

Q=1 RM s
n

Where:

v' Qs the flow rate (m3/s);
v' nis the roughness coefficient of the conduit;
v" Rh is the hydraulic radius (m),
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v’ iis the duct longitudinal slope (m / m);
v' S is the wet perimeter (m2).

6.6.3.2.Material
The piping to be considered will be the following:

Rigid PVC reinforced sewer pipe, in the discharganbhes of devices and collectors and dropshaft
pipes;

The connections must correspond to the piping cieniatics.

6.6.3.3. Standards

For the performance of this study and in any evahturrent technical standards will be respected,
including ABNT - Brazilian Association of Technical Standards:

v' Regulation and Guidelines of the Basic Sanitatimm@any of the State of Sdo Paulo
(SABESP);

v' NBR 10844 — Rainwater building installations;

v" NBR 15527 — Rainwater — Use of roofs in urban arBasnon-potable purposes -
Requirements;

v NBR 5688 — Building rainwater, sanitary sewage aadtilation systems. PVC pipes and
connections, DN type - Requirements;

v" NBR 8890 — Circular concrete tube for rainwater sawlitary sewage - Requirements and test
methods.

6.7.HVAC Installations
6.7.1.Introduction

The Heating, Ventilation and Air Conditioning (HVAQroject will focus only on the Process
Building, Administrative Building, Reservoir and faping Station.

A description of the conditions, considered optjswutions and methodology followed to prepare
this project in accordance with the applicable susepresented below.

6.7.2.0bjective
In a general manner, the HVAC Installations proplcesed developed for the building must ensure:

Cooling needs

Treated fresh air (heat treatment)
Mechanical exhaust ventilation
Natural Ventilation

No defined HVAC system

moow»

The spaces corresponding to each objective artaglexpin the following table:
Table 6.7 — HVAC Requirements by Area

HVAC Needs
Area
A B c D E
Process Building
Production Room v N4
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HVAC Needs

Area
A B c D E

Reservoir Building and Pumping Station

Pump Room v v

Electrical Room v

Maneuver Chamber N

Reservoir N4

Administrative Building

Warehouse/File room N4 v

Workshop
Electrical Workshop

Electrical Room

Laboratory

Kitchen

NIENIENENEN

Sanitary Installations/Dressing
Room/Restroom
Entrance

g

Hallway V4

Office/Control room/Observation
Room
Meeting Room

AN

v
v
v

NIEG RN

Museum

Auditorium J J J

Note: For the ESP steels in which air-conditionmgrojected, (A) the set point temperature is 24°@ the ESP steels with
mechanical ventilation (B e C), indoor air refreshatigll be in accordance with their characteristics.
The project’s systems and equipment allow the mgld thermal needs to be met throughout the
year, in accordance with the climatic conditionshaf geographical area corresponding to Fortaleza,
Brazil.

6.7.3.Reference Conditions and Sizing Criteria

6.7.3.1.Standards and Regulations
Brazilian Standards:

v ANVISA — Agéncia Nacional de Vigilancia Sanitari&anitary Surveillance National
Agency).

v NBR 16401-1/ 2/ 3-2008 — Air-conditioned Facdgi- Central and Unit Systems — Facility
Design / Thermal Comfort Parameters / Indoor Aia(@y.

v" ANVISA - National Health Surveillance Agency

International Standards

v' Portuguese Decree DL 118/2013 and respective addes)dthe latter expressed in DL
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28/2016, referring to the Building Energy Certifioa System (SCE), the Housing Building
Energy Performance Regulation (REH) and the Endepgyformance Regulation for
Commerce and Service Buildings (RECS).
v' ASHRAE - “American Society of Heating, Refrigeratiand Air Conditioning Engineers”;
v All other applicable legislation and rules.

6.7.3.2 Weather Data

The weather data considered were based on thenafmn provided by the 2017 ASHRAE report
for the weather station in Fortaleza (Airport), w&9.6% occurrence probability.
v Exterior Temperature — Summer

* Dry bulb temperature 32.1°C

* Wet bulb temperature 24.9°C
v Exterior Temperature - Winter

* Dry bulb temperature 22.8°C

6.7.3.3.Indoor Temperature Conditions

For the assessment and calculation of temperatedsnfor air-conditioned spaces, the following
temperatures shall be considered:
v Air-conditioned spaces (type A): 24 °C

v" Other spaces: --°C

There is no effective control of indoor humiditygwever, the systems considered, when condensing
air in indoor air conditioning units, must provigdative humidity within the comfort zone.

Due to the warm temperatures that occur all yeandpheating needs are not predicted.
6.7.3.4.Internal Gains

To determine heat gain, local indications (NBR) antkrnational references (ASHRAE) were
consulted, as well as typical values for the ddfertypes of spaces that make up this building.

The following table shows the proportions considdog each area with any degree of heat treatment.

Table 6.8 - Occupation, Lighting and Equipment

Lighting Equipment

Area # Occupants W/m?] [W/m?]
Warehouse/File Room -- -- -
Workshop 16 17 75
Electrical Workshop 5 17 75
Electrical Room - - 150
Laboratory 6 15 75
Kitchen 5 7.6 50
Sanitary installations/Dressing _ _ -
roorr/Resroon
Entrance 2 11.4 0
Hallway - - --
Office 2 12 35
Control room 4 12 35
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Lighting Equipment

Area # Occupants W/m?] [W/m2]
Observation Room 15 11.4 35
Meeting Room 19 12 10
Museum 72 7.2 5
Auditorium 185 12 5

6.7.3.5.Fresh Air Flow / Extraction
The minimum fresh air flow considered was the fwiloy:

Table 6.9 — Fresh Air Flow / Extraction by Area
Fresh Air Flow

Area .
m¥h/p  m¥h/m?2 By unit

Warehouse/File Room - -

Workshop 18 3.24
Electrical Workshop 18 3.24
Electrical Room - -
Laboratory 22.68 3.96
Kitchen - 5.4

Sanitary Installations/Spa 126

Dressing Room - 16
Entrance - -
Hallway - -
Office 11.16 1.44
Control Room 11.16 1.44
Observation Room 11.16 1.44
Meeting Room 11.16 1.44
Museum 19.08 1.44
Auditorium 12.6 1.44

6.7.4.Adopted solutions
6.7.4.1. Air-conditioning system

In spaces with type-A air conditioning, differeniggestions are provided depending on the type of
use. In the offices, meeting room, workshops, latoyy, pantry, observation room and entrance, a
VRF (Variable Refrigerant Flow) system will be ial¢d, where an outdoor condensing unit
interconnects several indoor wall units, or cassatits.

This type of system allows a more efficient roomperature control throughout the year compared
to a split system or multi-split option, througlvariable refrigerant gas flow, which adjusts to the
needs of each space. The indoor units must be ctath® a condensate drainage network.
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For the control room, as it is assumed that it khbave permanent occupation, a multi-split system
will be installed, with an outdoor unit on the raid two indoor units. The switchboard room will
also be cooled using a multi-split.

The switchboard room in the pump building will als® air-conditioned using multi-split units.

The auditorium and the museum, which, despite bemglifferent floors, will be interconnected
through an open area. It was decided to placege laplit system with an outdoor unit with a
serpentine and fan, and a separate condensing unit.

The explanation for the use of an air-conditionsoggestion different from the others in these two
spaces is related to their intermittent use, wiietkes it easier to adapt the cooling power provided
to their respective needs.

The cooling requirements (sensitive power), deteeahifor the various air-conditioned rooms (type
A) are summarized below:

Table 6.10 — Cooling Power by Area

Area Cooling Power (kW)

Reservoir Building and Pumping Station

Electrical Room 9.3

Administrative Building

Workshop 8.6
Electrical Workshop 2.9
Electrical Room 21.3
Laboratory 5.7
Kitchen 1.9
Entrance 11
Office 0.8
Control Room 9.6
Observation Room 3.9
Meeting Room 5.2
Museum 8.6
Auditorium 19.9

The copper and condensate piping must be propesiyated to reduce thermal losses, as well as to
prevent condensation.

The HVAC systems sensors/controllers must be planed way to avoid being affected by
extraordinary thermal sources, or direct solarataoin.

The outdoor unit must be installed with anti-villwatsupports.

6.7.4.2 Ventilation Systems

The Process Building, as well as the pump roorhérReservoir Building and Pumping Station shall
be naturally ventilated. This option is due to theldings’ exposure to sea winds, which in this
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location are quite significant in terms of magnéwhd occurrence, greatly reducing installation and
usage costs.

Natural ventilation consists in air flowing fromtside to keep the temperature at acceptable values
for work inside the building. For this end, gridglwe installed on the building facades according
the prevailing winds, in this case, coming from #est and southeast. In the two facades most
exposed to the prevailing winds, grids will be alletd throughout the building at a low level. Ieth
two opposite fagades, high-level air expulsion gigtall be created. In the Pumping Building there
shall be an extraction grid on the facade oppasitae air inlet, which shall be located according
the prevailing wind as well.

The changing rooms and restrooms shall have a meeth@&xtract ventilation system done by a fan.
In the same way, air extraction in the kitchen kdmbratory will be done independently. It shall be
done by fans located on the roof of the AdministeBuilding.

The workshops on the ground floor of the AdministeBuilding, shall have the same mechanical
extract ventilation system, with the air extractibugh the roof. These spaces shall have a fiesh a
supply.

The remaining spaces identified in the Table abelMebe equipped with extraction fans and fresh
air.

The air extracted from the sanitary facilities, fparand laboratory will be compensated in the
hallways.

For the auditorium and museum, the chosen spbiallthe introduction of new air-conditioning,
with extraction done by fan.

The flow balance is carried out to guarantee a goodirculation inside the building, avoiding the
propagation of odors.

Ducts and diffusers must be painted accordingecthrroundings and architecture.
6.7.4.3.Electrical Installations Associated to HVAC

The supply from switchboards that supply HVAC equgmt will be ensured by the Electrical
Installations specialty.

The power cables and electrical connections teiW&C equipment will be ensured by the Electrical
Installations specialty.

Command and control cables, field equipment anddblpective connections to HVAC equipment
will be provided by the HVAC specialty.

It is the Mechanical Installations contractor’spessibility to provide the Electrical Installations
contractor in advance with all the electrical cloéggstics of such equipment and certify that the
aforementioned electrical supplies, protectionssigdage are in accordance with the specifications
of the equipment to be installed, always as deedrib the HVAC project.
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6.7.5.Duct Network — Sizing, Criteria and Accessories

6.7.5.1.Sizing

This project exclusively contemplates systems astant air volume in which the air flows are driven
by fans of the centrifugal type, or of the axigldy

Pipeline sizing shall be calculated considering flbev to be circulated, location and the noise
generated.

In this manner, the pipeline network was dimensioiog a constant pressure drop that might be of
0.8 Pa/m (insufflation) or 1.0 Pa/m (extraction).

6.7.5.2.Projected Pipeline Types
Several types of pipelines have been defined fterént uses, which are indicated below:

v' Galvanized sheet steel ducts: for all general etitna networks and general fresh air
v Insulated galvanized steel ducts: for all air-ctindied, fresh air networks

6.7.6.Pipeline Network— Sizing and Criteria
6.7.6.1.Refrigerant Gas Lines

Line gauge is dimensioned considering the equipnmmaahufacturer's recommendations and
indications. The maximum distances between the@usidg unit and the evaporating unit must also
respect each application and manufacturer's insins

The lines must be properly insulated and, in ingidaases, mechanically protected.
6.7.7. Noise Levels

The equivalent continuous noise level emitted eodhtside of the building by equipment must not
exceed the maximum permissible levels. The equipa&sociated with emergency situations are an
exception. For this purpose, and so that the HVASIesn is not the source of vibration or noise
above the defined comfortable limits, the instalabf the following accessories shall be considere
whenever justified:

v Anti-vibration mounts for all equipment, includimgdoor units, fans, etc.
v Installation of inertia blocks in all equipment, erb necessary.

6.8.General Electric Network

6.8.1.Administrative Building
6.8.1.1.Power feed and distribution

All electrical panels must have double insulatiatags 1) or equivalent protection. From the
electrical panels, the following circuits shall ésablished:

v" Normal and Safety Lighting;
v" Power outlets;

v Specific feeds;

v' Switchboard feeds.

A 45kVA load balancing is projected for the Admingive Building, to supply equipment related to
the lighting and outlet subspecialties.
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The switchgear and protection equipment to be usaswvitchboards must strictly comply with the
applicable regulatory provisions (see NBR 5410/2004

The Administrative Building must be equipped wititl power cut pushbuttons, controlling the Main
Switchboard, next to this building’s inlets andlets (see drawing).

6.8.1.2.Cabling Pathways, Technical Gutters and Floor Boxes

In this phase of the project, mats are designedh wepresentative dimensions, to provide
infrastructures that will allow cable passage atatgment. These mats shall be adequate to the
project’s characteristics. Cable trays with metatgpand normal resistance will be implemented.

The technical wall gutters shall be made of PVQGhwiual compartments, intended to separate the
energy and telecommunications conduits, includimgjes, covers and all accessories necessary for
their correct installation. The installation ofdloboxes will be expected; however, in later stagfes
the project, these elements may change.

6.8.1.3.Normal Lighting

Respecting the standard related to indoor lightNBgR ISO/CIE 8995-1, the distribution, number of
light spots and fitting types are described inghetion designed for normal lighting. In additidn,
is intended to obtain a proper environment for eséice, according to its functionality. Current
technical and regulatory provisions will also b@sidered.

Lighting for all spaces will be performed with LE@ht fittings. In all locations, the fittings shal
respect the mandatory protection index, accordirttyé site classification.

Control of the fixtures in the Administrative Buitd) will be local; however, in the changing rooms
and sanitary facilities, motion detectors will sed.

6.8.1.4.Safety and Emergency Lighting

The installation of exit signs comprises the eigjhal devices and their corresponding supply cissui
and is intended to guarantee, automatically, tkiecation of exits and the identification direction
changes and obstacles in the evacuation path,iatioevacuation of people.

For safety lighting, permanent and non-permanewnicds shall be used as an autonomous block,
depending on the areas in which they shall be tedefhe autonomous block locations are displayed
in the respective draft.

Safety lighting shall consist of autonomous blo@dipped with LED lamps and internal batteries.
In addition, the same draft will display the ligiktures, equipped with an emergency kit, to help
comply with the rules regarding safety lighting (RBR0898 of 03/2013).

6.8.1.5.General Purpose Power Outlets and Specific Supplies

To allow the connection of electric power devicede installed in different building locations, the
power outlets must comply with NBR 14136/02. Singitease power outlets for general use of small
voltages must be watertight and surface mountetedded in the wall, set in the cable tray and floor
box. Single-phase high-voltage sockets and threselsockets shall be watertight and surface
mounted.

The supply to specific equipment, through cable leoxks, shall have the equipment installation as
a height reference.
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6.8.1.6.Grounding System

Steel pickets shall be installed as reinforcemerthé grounding system, with electrolytic copper
plating over a layer of nickel.

All non-visitation connections shall be CADWELD alinum welded.

The building shall have its own ground ring, instdlat a depth of 0.8m and consisting of a 30 x 3.5
mm flat conductor in stainless steel, with highistsce to corrosion, suitable for the plant's
environment.

To obtain a correct equipotential bonding betwdengrounding system and the structure, the iron
reinforcement connections shall be made througava connector for ribbed steel bars. Connections
to the metallic structures will be made by spliltlbor stainless steel structures.

6.8.1.7.Telecommunication Installations

The network to be installed adopts a star topoldgye installation must comply with current
Brazilian standards in NBR 1652, of 10/2016.

The rack in FLOOR 0 of the Administration Buildimgth area of influence on the same floor shall
be considered as the telecommunications pointigiror

The building shall be equipped with surface-mounésdbedded RJ45 sockets, placed in a cable tray
and floor box.

6.8.1.8.Security installations

The present integrated security chapter include fdll®wing subspecialties: Automatic Fire
Detection SystemSADI) and Automatic Intrusion and Theft Detection Sgs{&ADIR.

In addition to what is provided in current standanthis facility must have security means to allow
the acquisition of an interconnected equipmenttlat, while easy to monitor and control, displays
the necessary operational and quality levels.

6.8.1.9.Automatic Fire Detection System — SADI

This project defines the location of the equipm#rat composes the Automatic Fire Detection
System. The equipment's quality level and assemblyuirements, location adjustments and
complementary work from other specialties shaltibned in the later phases of the project.

It is projected to cover all areas indicated in dnafts designed with an Automatic Fire Detection
System, with quality and reliability levels apprigpe to the predicted operating conditions.

6.8.1.10 Automatic Intrusion and Theft Detection System — SBIR

It is projected to cover all areas indicated indhegfts designed with an Automatic Intrusion an@fth
Detection System, with quality and reliability lés@ppropriate to the predicted operating condgion

However, the equipment’s quality level and assemigiguirements, location adjustments and
complementary work from remaining specialties shaltefined in the later phases of the project.

This system shall allow centralization of all seyufacility commands and signals, or those related
to them, especially with regard to the automaetsif different procedures.

6.8.2.Process Building
6.8.2.1.Power Feed and Distribution
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All switchboards must have double insulation (cldgsor equivalent protection. From the
switchboards, the following circuits shall be e$itdied:

v" Normal and Safety Lighting;
v" Power outlets;
v" Switchboard feeds.

The Process Building is projected to have a lodanzing of 37kVA, to supply equipment related to
lighting and outlets subspecialties.

The switchgear and protection equipment to be ustte switchboards will strictly comply with the
applicable regulatory provisions (see NBR 5410/2004

The Process Building must be equipped with full ppaut pushbuttons, controlling the FLOOR 0.1
Switchboard, next to the building’s switchboards.

6.8.2.2.Cabling Pathways

In this phase of the project, cable mats with repnéative dimensions are projected to provide
infrastructures that will allow cable passage atatgment. These mats shall be adequate to the
project’s characteristics. The cabling pathwaydld& installed with a metal plate and normal
resistance.

6.8.2.3.Normal Lighting

Respecting the standard related to indoor lightNR ISO/CIE 8995-1, the distribution, number of
light spots and fitting types are described ingbetion designed for normal lighting. In additidn,
is intended to obtain a proper environment for esgice, according to its functionality. Current
technical and regulatory provisions will also besidered.

Lighting for all spaces will be performed with LE@ht fittings. In all locations, the fittings shal
respect the mandatory protection index, accordirte site classification.

The Process Building’s lighting fixture controlsaditbe located in the switchboards.
6.8.2.4.Safety Lighting

The installation of exit signs comprises the edghal devices and their corresponding feed cirguits
and is intended to guarantee, automatically, signathe exits and identification of direction chasa
and obstacles in the evacuation path, allowing @at@an of people.

For safety lighting, permanent and non-permanevitde shall be used as autonomous blocks, with
or without maintenance, depending on the areashichamhey shall be inserted. The autonomous
block locations are displayed in the respectivétdra

Safety lighting shall consist of autonomous blo@jipped with LED lamps and internal batteries.
The safety lighting shall comply with the safetyhiing rules (NBR 10898 of 03/2013).

6.8.2.5.General Purpose Power Outlets

To allow connection of electric power devices thladll be installed in the different locations ie th
building, the power outlets must comply with NBRLB&/02. Power outlets for general single-phase
and three-phase uses must be watertight and surfageted.

6.8.2.6.Grounding system
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To obtain a correct equipotential bonding betwdengrounding system and the structure, the iron
reinforcement connections shall be made throudava connector for ribbed steel rods. Connections
to the metallic structures will be made by spliltlbor stainless steel structures.

Steel pickets shall be installed as reinforcememihé grounding system, with an electrolytic copper
plating over a layer of nickel.

All non-visitation connections shall be CADWELD alinum welded.
6.8.3.Pumping station

The Pumping Station building will be fed from thelAinistrative Building and shall have the
following networks, following the same criteria:

v’ Electric power feed and distribution
* Normal and Safety Lighting

* Electrical outlets

» Switchboard feed

Cable trays

Regular lighting

Safety lighting

General purpose outlets

v" Grounding system

AN NI NERN

6.8.4.Collection chamber

The Collection Chamber building will have its owit Bnd will be fed directly from the Electrical
Substation. The following networks will be harboriedt, complying with the same criteria defined
for the remaining buildings:

v’ Electric power feed and distribution
* Normal and Safety Lighting

* Electrical outlets

* Switchboard feed

Cable trays

Regular lighting

Safety lighting

General purpose outlets
Grounding system

AN N N NN

6.9.Seawater Intake and Discharge Works
6.9.1.Seawater Intake Tower

The projected structure will be prefabricated omeho separate pieces, composing a reinforced
concrete structure designed to protect the submagawater intake area.

The structure shall be built in separate pieceatme its full weight is excessive. It is estimateat
the complete set structure is close to 215 tonarl}N@50 nt of molds and 8500 kilos of steel rods
shall be used for its construction.

Before the structure’s base is anchored on theeskea an approximate height of -14.0 m and
distance of 2500 m from the coast, an excavatiomgsupport foundation shall be executed in the
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sand, through a dredging system that shall opedittie to install submarine intake piping. Thisdin
excavation shall result in a circular shape idextio the predicted structural base, which shalkha
an approximate 7.50 m diameter. The reinforced adtructure shall be about 5.75 meters tall.

The submarine tower will basically consist of dbwlcylindrical shape placed over a circular-shaped
protective structure. In the cylinder’s upper argght small windows with a combined dimension

over 8 nt will be left for the passage of quality water amdall fish, which can easily enter and exit

the box, while preventing grains of sand and afgam entering. Thus, it actually allows collected

water to be as clear as possible in terms of opeaperties.

The prefabricated parts will be placed on the se@abirting with the lower and ending with the
upper parts, with use of suitable marine meangallaion and assembling operations for the parts
shall be guided and completed by a team of pradaasidivers, certified and qualified to perform
heavy work in the deep sea.

Near the tower cylinder’s foundation, a pipe bughwith a diameter identical to the seawater intake’
end pipe shall be installed. The connection betwbenntake piping and tower shall be executed
through flanges.

The connecting pipe shall also have a small metales at its terminal end to prevent medium-size
fish or debris from entering the Desalination Plsygtem.

To obtain a pre-sizing, small calculations were eneadfind tipping for static forces, considering an
apparent submerged density of 1.5 for concreteutzlion, caused by forces originated by large
waves.

A calculation was also executed for lateral dragcds. Due to the small friction coefficient
considered, attained through the Chezy numberdptid around 15 meters and in sand material, the
solution found for stabilization was to provide thgplementary rock blocks placed together, in a
circular shape over the bottom structural slabhart additional weight of about 100 tons of materia

Proper signage will be placed at the seawater citia prevent ships large in size and draft from
crossing over to the site, possibly dragging or aging the structure.

6.9.2.Intake and Discharge Pipes

v IP — intake pipes for seawater intake: 3141 m mglle, 1600 mm diameter, 94.1 mm
thickness, HDPE material and 306 Kgf / ml lineaighé

v" DP - brine discharge pipes: 1752 m long, 1200 mamdter, 67.9 mm thickness, HDPE
material and 207 Kgf / ml linear weight.

6.9.3.Intake Transport Execution / CA:

Preliminary note: the natural terrain from whicle tintake well shall spring is located outside the
plant’s Process Building, and has an approxima@&4@.m level in relation to the MSL (mean sea
level). Head losses were estimated according téollving benchmarks:

v" Flow velocity: 1.63 m/s;

Seawater intake flow rate: 917G/mor 2.55 n¥s;

Total head losses: 3.39 m;

BMAV Mean (Low Water in Living Tides): -1.60m MSL;

PMAV Mean (Low Water in Living Tides): + 2.80m MSL;

v' Piezometric head at the onshore chamber entrari@&l#&\: -1.60-3.39 = -4.99 m MSL;

1 14/295 Cagece — Companhia de Agua e Esgoto do Ceara (
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v" Piezometric head at the onshore chamber entrarREIAV: + 2.80, -3.39 = -0.59 m MSL;
6.9.4.Discharge Piping Installation / DP:

Phase 1 -The reject water discharge process, which is eddled “brine discharge” in a simplified
manner, that results in water with a salt concéiotmaabout twice as high than that of seawater
through the Plant’'s reverse osmosis process, ekthd through approximately 532 meters. It will
start with an inland section, with 1200 mm diametdres welded at the top and brine distribution
diffusers in its final 25 meters of marine extemsioontinuing for an average of 1220 meters.

Its calculation parameters were decided accordinbé following reference values:

v" Flow velocity: 2.02 m/s;

Seawater discharge flow rate: 647&mor 1.80 n¥/s;

Continuous linear head loss: 4.26 m;

Pressure drop in the diffusers: 1.10 m;

Total head loss: 5.36 m;

BMAVMean (Low Water in Living Tides): -1,60 m MSL;

PMAVMean (High Water in Living Tides): + 2.80 m MSL;

Piezometric head in the brine tank durBiglAV: -1.60 + 4.26 = + 2.66 m MSL (situation in

which the pipeline works by gravity going upstreand under pressure in the terminal end);

v Piezometric head at the onshore chamber entraré®l&V: + 2.80 + 4.26 = + 7.06m MSL
(situation that indicates that the brine tank hegitould be greater than indicated).

AN N NN VNN

A twice as high salt concentration at the produtdted does not pose environmental problems, and
would only start to generate some ecological cangera coefficient above 3.5, and even then, at a
single concentrate outlet site, the which is netdase.

In the section where the pipeline ends at the skahe outfall will have to be complemented by
1,200 mm diameter tubes welded with ring countegivestructures fixed to its posterior side, in
order to make the set density higher than the vgater
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7. Electrical Installation

7.1.General Electric Characteristics
7.1.1.Power Feed and Distribution

All electrical panels must have double insulatiatags 1) or equivalent protection. From the
electrical panels, the following circuits shall ésablished:

v Safety lighting and Lighting;
v' Power sockets;

v Specific feeds;

v' Switchboard feeds.

The switchgear and protection equipment to be usdtie switchboards must comply with the
applicable regulatory provisions (see NBR 5410:2004

The Administrative Building shall be equipped wiithi circuit breaker pushbuttons, which shall act
on the Main Switchboard.

7.1.2.Cable Layout

According to the project, conduits and cable traughould be installed, to allow cable passage and
layout.

Electrical troughs with regular resistance metatgs shall be installed.

The wall wiring troughs will be PVC-made, with duwa@mpartments, intended for the separation of
the energy and telecommunications conduits, and makide all the accessories necessary for its
correct installation.

7.1.3.Indoor Lighting

The indoor lighting must comply with NBR ISO/CIE @31, and be executed with LED light
fixtures. In all locations, the fixtures shall resp the mandatory protection index, according & th
site’s classification.

Light fixture control in the Administrative Buildgqwill be local; however, in the changing rooms
and sanitary facilities, motion detectors must Sedu

7.1.4.Safety and Emergency Lighting

The installation of safety signs is intended torgatee, automatically, the exit signals and the
identification of changes in direction and obstaédtethe escape routes, allowing evacuation.

For safety lighting, permanent and non-permanenorammous block devices shall be used,
depending on the areas in which they must be Iasdtal

The autonomous blocks must be equipped with LEDpkand internal batteries. In addition, the
location of the fixtures equipped with an emergekity shall be displayed on the same draft, in
compliance with emergency lighting rules (NBR 108983/2013).

7.1.5.General Purpose Power Outlets and Specific Supplies
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General purpose power outlets must comply with NBR36/02. Low power outlets must be built
into a wall or electrical trough. High-power outiethould be of an industrial type.
The electrical feed to specific equipment shalldte equipment installation as a reference ofttieig
7.1.6.Grounding

The grounding meshes must be assembled usingrohB®are copper cables, buried at least 50 cm
deep, with 3/8” by 3.00 m ground rods and exothemvelding;

All metal parts, electrical panels and metal pamsde the building (doors, hoists / monorails),
general low voltage switchboard (LVSB), light amalyr distribution board (LDB), Motor Control
Center (MCC), capacitor and motor bank boards steefimbedded into the general grounding mesh.

The maximum allowable grounding resistance fomtieshes to be built should be 10 ohms.
Grounding resistance measurements must be cautdaetore the meshes are interconnected.
The depth for the grounding mesh cables and interection loops must be at least 50 cm.

If the maximum value of 10 ohms is not reachedefach grounding mesh, it must be expanded, or
betonite can be applied throughout the rods antksab

7.1.7.Telecommunication Installations

A star network system shall be adopted. The irstalh must comply with existing Brazilian
standards, NBR 16521 of 10/2016.

The network rack that exists on Floor 0 of the Aiistration Building, influencing this same floor,
will be considered the original point of the telswounication installations.

The building will be equipped with overlapping RBtitkets or embedded in a wiring trough or wall.
7.1.8.Security installations

The integrated security installations include tbkofving subspecialties: Automatic Fire Detection
System §ADI) and Automatic Intrusion and Theft Detection Sgs(8ADIR.

The security system should allow the acquisitioarofnterconnected equipment set, that, while easy
to monitor and control, displays the necessaryatparal and quality levels.

7.1.9.Automatic Fire Detection System -SADI

The necessary coverage for the Automatic Fire DieteSystem should be provided, with adequate
levels of quality and reliability.

7.1.10.Automatic Intrusion and Theft Detection System -SADIR

The necessary coverage for the Automatic IntruarmhTheft Detection System should be provided,
with adequate levels of quality and reliability.

7.2.Codes and Standards

The electrical installation complies with the fallmg codes and standards:

v’ Brazilian ABNT standards.
v International Electrotechnical Commission (IEC).
v’ Institute of Electrical and Electronic EngineerSEE).
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In all cases, the most restrictive code or stangdesdailed. In particular, the following rules appl

v
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v

IEC 60051 — Electrical measurement instruments #irict acting analog indication and their
accessories.

IEC 60076 — Power transformers.

IEC 60034 — Rotating electrical machines.

IEC 60269 — Low-voltage fuses.

IEC 60289 — Transformers. Reactances.

IEC 62271-200 — Apparatus with alternating curraetallic enclosures for nominal voltages
above 1 kV and less than or equal to 52 kV.

IEC 60529 — Degrees of protection provided by eswales (IP Code).

IEC 60146 — Semiconductor converters.

IEC 60439 — Low voltage switchgear.

IEC 60947 — Low voltage connection and control devi

IEC 61000 — Electromagnetic compatibility (EMC).

IEC 62040 — Uninterruptible power supply (UPS).

IEC 60694 — Common determinations in high voltageice standards.

IEC 60099 — Lightning arresters

IEC 60071 — Insulation coordination.

NBR 5410 — Low voltage electrical installations.

NBR 14039 — Medium voltage electrical installatidresm 1.0 kV to 36.2 kV.

IEEE 1184 Guide for the selection and sizing ofdyéts for uninterruptible power system.
IEEE 450 Recommended practice of maintenancentgsind replacement of vented lead-
acid batteries for stationary applications.

IEEE 519 Guide for harmonic control and reactiveipensation of static power converters.

7.3.Project Criteria

The electrical system shall be projected to memfdlowing criteria:

v

v
v

v

Flexibility and progress of the operation.

» The project must provide for 100% redundancy of@haipment that, in the event of
failure, will cause the factory to stop.

» The protection relays will be coordinated for salecactivation of the different switches.
The overload or short circuit situations shall falated without service interruption and
without affecting the rest of the equipment conaddb the same system.

The project shall facilitate inspection, maintereaad repair works in the facilities.

Safety:

* Includes adapting the energy system used during ptanstruction as a backup energy
system that guarantees electricity supply to eed@aguipment in emergency conditions.

» The safety of people and equipment must be guadniecluding the necessary electrical
and/or mechanical interlocks.

» Disturbances during the initial phases of differeguipment use shall be minimal.

Economy and efficiency in the installation project:

* The selected equipment sets and components sheustahdardized to cover a wide
range of applications and reduce inventory.

* The selection of equipment and material must grrriheat loss reduction, reduced
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energy consumption and low G@mission.
7.4.Voltage Levels

The following voltage levels were established tpy the plant's electromechanical equipment:

v" The connection to the electrical system is madi®atV high voltage.
v' Power distribution to the desalination plant sh&lcarried out at 6.6 kV, 60 Hz and three
phases, from the plant’'s 69/6.6kV Electrical Sutista
v" Medium voltage motors:
* They shall be supplied with a 6.6 kV, 3P + PE wgdtawith low ohmic value resistance
grounding.
v Low voltage motors:
» Motors and process equipment shall be poweredG238 V, 3P + PE or 3P + N + PE
(as applicable), with TT neutral system (IEC 60364)
* Small power and lighting distribution shall be perhed at 380/220 V, 3P + N + PE, with
TT neutral system (IEC 60364).
v Safe alternating current (AC) power system:
* UPS equipment shall be powered at 380 Vac, 3P P& twith neutral TT system (IEC
60364).
 The Distributed Control System (DCS), local panglgh Programmable Logic
Controllers (PLC) and process instruments requite be powered at 230 V from the
UPS.
v Safe direct current (DC) power system:
* The supply for the relays, control circuits and medvoltage cell signage are made at
127 Vdc through a charger/rectifier, with a TT malsystem (IEC 60364).
* The 24 Vdc or 48 Vdc power supply for the contnadl anstrumentation panels shall be
performed from the 127 Vdc system.

7.5. Environmental conditions

The environmental conditions considered are asvdl

Height above mean sea level <100 m
Relative humidity (annual average) 75%
Average daily room temperature 30°C

Project minimum temperature for equipment installadoors in| 40 °C
system containing rooms

Project minimum temperature -5°C

Type of environment Saline

7.6.Equipment Protection Levels

The protection levels defined for the equipmentgéasrenced in the IEC 529 standard, are as follows

Equipment installed inside air-conditioned rooms nMP41

Control cabinets installed in air-conditioned rooms Min. IP32
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Equipment installed indoors in rooms without ain@didioning IP55
Equipment installed outdoors, in shaded areas NAGD
Dry-type transformers P23
DC and UPS Systems IP32
Equipment subject to occasional submersion (subedgogmps, etc. IP68
Light fixtures and projectors IP65
Perforated cable trays in buildings IP25
Outdoor flat cable trays with cover IP33

7.7.Reserve and Redundancy Margins

The project displays the following reserve and rethincy margins:

v

v
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6.6 kV underground transmission line. Each of thiesgation's medium voltage connections
is projected to 100% of the total power demandethbyplant.

Medium voltage cabins can be powered by two differurces and are equipped with
automatic transfer systems. In general, loads $ieatlistributed in two bars fastened by a
coupling switch, so that in the event of failuteg plant’s service continuity is at least 50%.
A more robust and secure system than a doubledrube designed.

The MCCs and low voltage load distribution boards ®©e powered from two different
sources.

Transformers and redundant transformers: they nheste sufficient capacity to
withstand100% of the load of the coupled bars. Than the event of any transformer failure,
there would not be a prolonged shutdown in the tplas the transformer that remains
operational will have sufficient capacity to supptg entire load for the two bars.

Medium voltage cells: They are projected to withgtd 0% over than the maximum short-
circuit current predicted according to the caldolag (1 second).

High current busbars: they are dimensioned withaagm of 10% over the transformer’s
nominal current.

Input switches and bus coupling of switchboards gre@ by a transformer. They are
dimensioned with a 10% margin over the transformecminal current.

100% redundancy of the safety-related electricalpgent is available: DC system and UPS.
Batteries. A project margin of 15% and aging facb25% are expected. The capacity of
each battery guarantees 100% charge for 1 hour.

Battery charger. It is projected with a 10% margwer the maximum peak power demand.
UPS. It is dimensioned with a 20% margin over tleximum peak power required.

Cable trays. They shall be sized maintaining a 288érve on all routes.

Switchboards, MCCs and local plates. They shallibeensioned considering a 20% reserve
without equipping after the expansion phase.

7.8.Facility Description

7.8.1

.Electrical substation 69/6.6 kV
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The power source shall be provided through a 6%V voltage overhead line. The installation of
a 69/6.6 kV transformer substation is projectedupply the 6.6 kV medium voltage power source
for the desalination plant. The substation will @@nventional, with a single busbar and two
transformer positions, with a total 15 MVA capacity

7.8.2.Electrical Supply to the Desalination Plant
The desalination plant shall be powered by the 6@46.6kV Electrical Substation.

The supply for the different transformation cent@?® and T3) shall be carried out by underground
medium voltage lines of 6.6 kV 60 Hz, from the 66/BV substation.

Each of the projected lines is dimensioned to supjplthe power demanded, that is, 2 lines x 100%
capacity. The medium voltage lines start from thenection terminals with the Switchgear 6.6kV
output cells (bars A and B), located in the EleetrSubstation and extending until the transforamati
center connection terminals.

The medium voltage cable outside the buildingsiis$ dut in direct-burial, in contact with the earth
Inside the buildings, the medium voltage cabldasgd in the cable tray.

The cable to be used will be a 6/10 kV, IEC 228<I[2 copper conductor, unipolar with cross-linked
polyethylene insulation, reinforced (with galvardzateel wires) and PVC sheathed, according to IEC
60502-2.

The cable screens shall be solidly grounded at eadh
7.8.3.Power Distribution

The plant's electrical equipment shall be instaltedifferent buildings, placing them as close as
possible to the most important loads. Accordinthie approach, three electrical rooms are projected

7.8.3.1.Main Electrical Room
It shall be located in the Substation building. Toleowing items will be installed in it:

v' 6.6kV Switchgear. It shall be composed by:
e Cells that supply T2A and T2B, 6.6/0.4 kV, 60 Haa3600 kVA medium voltage
transformers, for low voltage distribution in osnsoasnd chemical cleaning areas.
* Medium voltage cells that serve high-pressure punagpors (1800kW) and capacitor
banks for these motors’ reactive power compensd8dbkVar).
» Protection cells for medium voltage inverters thattvice seawater intake pump motors.
v' T2A and T2B, 6.6/0.4 kV, 60 Hz and 3500 kVA Transfers. The two transformers shall be
installed next to the electrical room, in indepentdtcilities adapted to the equipment’s
respective characteristics.
v" The Product Water Motor Control Center.
v" The Chemical Cleaning Pumps Motor Control Center.
v' Medium voltage frequency inverters, soft starterapacitor banks, UPS, rectifiers and
batteries.

7.8.3.2.Electrical Room at the Osmosis Building

A second room located in the osmosis building igjgmted. In this room, the following will be
installed:

v' Transformers T3A and T3B, 6.6/0.4 kV, 60 Hz, 3508kVYo supply the recirculation and
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booster pumps feeding the high-pressure pump, datren by low-voltage frequency
variators. The two transformers shall be instafiegt to the electrical room, in independent
facilities adapted to the characteristics of tlygipment.

CBT-SAL, main distribution switchboard for auxijacommon and essential services in the
osmosis area.

A 380V low voltage motor control center for MM #it cleaning operations.

A 380V low voltage motor control center for recilation and booster pumps.

A 380V low voltage motor control center for chenhidasing systems.

Variable frequency drives, soft starters, capadtorks, UPS, rectifier devices and batteries
for the pretreatment area.

<

ANER NI NI

7.8.3.3.Intake Electrical Room
In this third room, the following will be installed

v TBT-SA2, a low-voltage load distribution board five common and essential services
derived from the pre-treatment building.
v' A 380V low-voltage motor control center for chenlipee-treatment dosing.

The motor control centers and switchboards canolmeeped by two different sources. The loads are
divided into two bars connected by coupling swigh®ervice distribution between bars is carried
out through a homogeneous criterion for load distion, so that, as far as possible, duplicate
services are fed from different transformers taease facility reliability. The transformers were

designed to temporarily absorb loads from the teans bThe transformers do not work in parallel.

7.8.4.Medium voltage cells

A set of medium voltage cells was designed, withftllowing configuration:

DESCRIPTION UNITS
HIGH-PRESSURE PUMP CONDENSING CElL 2
HIGH PRESSURE PUMP CELL 2
SEAWATER PUMP VDF CELL 3
TRANSFORMER CELL 3A 1
TRANSFORMER CELL 2A 1
INSTALLATION CELL T1A 1
COUPLING CELL 1
INSTALLATION CELL T1B 1
TRANSFORMER CELL 2B 1
TRANSFORMER CELL 3B 1
SEAWATER PUMP VFD CELL 2
HIGH PRESSURE PUMP CELL 2
HIGH-PRESSURE PUMP CONDENSING CElL 2
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The 7.2 kV medium voltage cells (6.6 kV operatingtage) are designed according to the IEC-
62271-200 standard, classification LSC2B-PM-IAC-A¥lwith air insulation (AIS) and SF6 circuit
breakers. The enclosures will be metallic, of thedoiar, self-supported type, for internal and
continuous assembly.

The cabins are single bar sets formed by couplwgh,a grounding bar. The bars will be made of
high conductivity copper. All metal structures, eos, screens and barriers shall be directly coedect
to the grounding bar.

Each set of cells shall withstand all thermal agdasiic stress caused by the short-circuit currents
without damage. A symmetrical 25 kA short-circuitrent capacity was estimated.

Entrance to the cable cabinets shall be made fnenbdttom.

The cabinets are equipped with removable keys, &tehium cut and motorized control. The
measurement and protection transformers are csist-tgy-type.

Voltage, current, power and energy measurementBeatell set entries and the transmission of
electrical parameters to the SDC shall be provided.

Each cell has a modular multifunctional digital feaiion relay, suitable for the cell’'s service
(transformer, motor or power source), with commatan capability and access from the central
control system via RS485 communication port for sl protocol.

The cells’ control circuits are powered by 230 \dad/or 127 Vdc from the safe voltage system with
redundancy in the power source. They shall allaslland remote switches for shutdown, blocking,
status and alarm devices.

To prevent condensation inside each cell, a Setating resistances, controlled by a thermostatl, sh
be provided. Lighting shall be incorporated inte #tcessible maintenance compartments.

The cabinets shall be equipped with the necesataglacks to prevent false maneuvers.

The front part of each cabinet will have a synogtsplay switch, local or remote, switching elensent
for disconnectors and switches, stop status sigrgmggation counter and voltage presence detector.

7.8.5.Transformers
As indicated in the previous sections, the follagviransformers shall be installed:

v T1-A and T1-B: 69/6.6kV, 60Hz, 15MVA, located ateEfrical Substation for medium-
voltage supply to the desalination plant.

v T2-A and T2-B: 6.6/0.4kV, 3500kVA, located in theltation electrical room to provide
low-voltage supply for the plant's Process Servara$auxiliary substation.

v' T3-Aand T3-B: 6.6/0.4kV, 3500kVA, located in therrse Osmosis building to supply low-
voltage power to the MCC.

The 69 / 6.6kV, 15MW high-voltage transformers &l the oil type, class F, with projected
temperature of 50°C, ONAN / ONAF cooling and YNfdJ,installation in outdoor facilities.

The 69/ 6.6kV transformer will have a load voltaggulator, with 21 outlets or loads (+ 15%) locate
in the primary winding. It must be equipped witlgliHvoltage bushings, valves to collect oil samples,
filling and draining valves, protection and contiddck to detect liquid dielectric gas emissions,
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devices to detect excessive pressure increaseeinatik, read liquid dielectric temperature and
visualize the liquid level.

The 6.6/0.4 V, 3500 kVA low-voltage transformersalsibe the dry type, class F, with projected
temperature of 40 °C, AN cooling and Dynl11 for iadmstallation. The rigid neutral earthing is
connected to the TT earthing. All transformers Wwélsuitable for full, continuous load servicehe t
environment, as defined in section 8.5, Environmke@bnditions.

The MT/BT transformers shall have a manual vacuoltage regulator, with five taps (x 2.5%; 0; +
5%) located in the primary winding, winding temgara reading, two-contact bulb thermometer and
thermostat.

In the case of transformers that supply non-lineads, T3A and 3TB, disqualification factor K
appropriate to the type of load was applied. Thiesesformers incorporate electrostatic screens.

In addition to the above, all transformers mustehan identification tag, grounding terminals, hfi
hooks, supports for hydraulic jacks and transpdréels that can be removed and rotated in two
directions.

The transformers shall have a system of mechaaleatfical interlocks that do not allow: connection
of the voltage grid directly to the earth, suppdythe facility in case of a short-circuit or ground
failure, access to active parts, supply to secgndi@nsformers from another source, causing
dangerous stress in the transformer primary, sufiplthe same transformer in a closed circuit
(transformers in parallel operation).

The maintenance compartment lock of each transfomiebe mechanically interlocked with the
grounding switch of the corresponding transformietgxtion cell. In this way, the transformer cannot
be accessed without a previous shutdown of thegtige cell’'s grounding switch.

The transformers shall be installed in an indepehdempartment with dimensions sufficient to

respect the minimum safety distances. The doot®pan to the outside, allowing equipment to enter
and exit. The transformers’ location shall factitairect access for loading/unloading trucks and/o
cranes, limiting movement on its own wheels.

The facilities shall maintain adequate conditioh$ire protection, restricted access, redundant air
conditioning system and dust protection.

7.8.6.Medium-voltage motors
The medium-voltage motors are those corresponading t

v High-pressure pumps
v' Seawater intake pumps

They shall be squirrel-cage, three-phase power o6 kV, 60 Hz, class F and have a 40°C
projected temperature. They will be sealed withdaaling, with IP55 protection level and finishes
suitable for a saline environment. The servicediaconsidered is 1.15.

The motor’'s nominal voltage, in all cases, shalbbat least 110% of the maximum power required
by the associated machine.
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A direct start drive is projected for high-presspremps motor operation, with an initial current
limitation of 5xIn. The seawater intake pumps sktdlt with frequency inverters.

The motors shall have thermal resistances to ptes@mensation. All motors incorporate Pt-100
temperature and vibration sensors, with two deteano each winding and one per bearing.

All motors can be operated from their locationtha cabins and the control room.
7.8.7.Low-voltage motors

They shall be squirrel-cage, three-phase power mmo#d0 V, 60 Hz, class F and have a 40°C
projected temperature. They will be sealed withdaaling, with IP55 protection level and finishes

suitable for a saline environment. The servicediaconsidered is 1.15 and 1.0 in the case theae is
frequency inverter. The motor design is in compl@with IEC 60034.

The motor's nominal voltage shall be of at leasd%lof the maximum power required by the
associated machine. For motors with a frequenagriey, the maximum torque supplied by the motor
must be at least 40% greater than the load torpaeydrequency, and the maximum permitted motor
velocity must not be exceeded.

In motors with power equal to or greater than 50 kwé PT100 temperature sensors shall be installed
in each winding, and one per bearing.

The most important low-voltage motors can be operétom their location sites, cabins and control
room.

7.8.8.Low Voltage Distribution Switchboards

The Low Voltage Distribution Switchboards will bechted in the various electrical rooms. Its
function is to protect and distribute power in gnimized and safe way to the different consumption
points.

The following tables were designed:

v Load distribution switchboards for common and esakplant services:
« TBT-SA1 Common and essential services in the Ossridgilding.
 TBT-SA2 Common and essential services in the InEkding.

The cabinets consist of standardized modular ohit®osed metal construction. The board shall have
front access. The inlet is larger when the connads made through a high voltage bar, but smaller
if made through cables. The busbar for these ctbsiall be composed of an insulated copper plate
and earth bar. At a minimum, they are projecteditbstand 40 kA short-circuit currents.

The switchgear shall be removable for 400 A andhérigand fixed for smaller gauges.

The power input to the switchboard shall be equipp#h a motor-controlled thermal-magnetic
circuit breaker, a network analyzer, multifunctibpeotection relay and power factor relay (when
applicable). The meters and relays shall have af8R8ommunication port to comply with Profibus
protocol.

The board outputs are equipped with an automatiaitbreaker and differential protection. Essdntia
service bars have a power input from the genesatoiThey are equipped with an automatic thermal-
magnetic circuit breaker and electrical/mechanintdriocks that prevent erroneous operation in
emergency mode.
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7.8.9.Motor Control Centers

A total of 6 Motor Control Centers (MCCs) are lamhin the different electrical rooms. They are as
follows:

MCC 01, 380V, 60Hz, for chemical dosing before @atment.
MCC 02, 380V, 60Hz, for MM filter washing.

MCC 03, 380V, 60Hz, for recirculation and boostemps
MCC 04, 380V, 60Hz, for product water pumping.

MCC 05, 380V, 60Hz, for chemical cleaning.

MCC 06, 380V, 60Hz, for chemical dosing.

The MCCs must comply with the IEC 60439-1 standavith a removable unit, 3b and 4b
construction form for connections and IP54 protettevel. They shall have front access and lower
cable input/output, except in cases where MCCssapgplied directly by a transformer secondary,
where the connection shall be made by a prefaledcaliectrical conduit.

D N NI NI N NN

MCCs will be equipped with a horizontal and vettidstribution copper bar compartment, as well
as a grounding bar. The current short-circuit légethe offices will be adequate in each cas¢has
minimum will be 50 kA. They will have column healielements and a cooling system in the inverter
outputs’ housing and soft starters.

The input modules shall have a thermal-magneti¢ceywimotorized control, interlocking when in
open position, auxiliary contacts and electroniertbad and short-circuit protection relay, signage
lamps and rotary pushbutton on the door.

They will be equipped with current transformers foeasurement and a voltage transformer for
control circuits and combined type 1 and 2, 100IkgAtning rods.

A network analyzer is planned for all MCC entrie#th an RS485 communication port for Profibus
protocol, which allows the measurement and trarsonsof electrical parameters to the control
center. Connections to the MCC at the same leMélngibrporate an automatic switching relay.

The measurement, control and control circuits dieale a thermal-magnetic switch.

The modules for bus couplings shall have autonatazit breaker, motorized control, interlock in
the open position, auxiliary contacts and electrgmotection relay.

The initial modules will incorporate an automaticcait breaker (in a molded case up to 630 A and
in an open board for larger meters), with a vahteriock in the open position and rotary pushbutton
on the door, three-pole contactor, thermal reldéfermntial relay, auxiliary relays, valve interloon

the open position, command position selector: |aesmhote and test; and signage lamps.

The types of start expected are as follows:

v' Direct Start: until 5,5 kW.

v Soft-Starters: they will be installed on motorshwatnominal voltage greater than 5.5 kW that
do not work through a frequency inverter.

v" Frequency inverters: they shall be installed onarsofor whose process they are required.

The output modules for power supplies shall havecéded case thermal-magnetic switch with a
rotary button on the door, auxiliary relays anchaige lamps.
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7.8.10.Medium-voltage frequency inverters

The medium voltage frequency inverters for seawiatake pump operation, with 6.6 kV, 60Hz and
24 pulses, shall operate in two quadrants withepwlisith modulation (PWM) and vector control.

Each frequency inverter will be mounted on a seffporting independent panel with an integrated
transformer. They shall have an air-conditioningtegn. The set will have at least an IP 42 degree of
protection.

The frequency inverter must not reduce motor eifegbower (power reduction), require insulation
improvement nor an additional service factor td tteamanded by the load. It shall include filterstth
protect the motor against possible damage andgekpikes in the output wave.

The medium voltage VDF minimum efficiency shall % (including the transformer) at 100%
speed and load. The frequency converter power rfagtbbe 0.97 between 30% and 100% of the
nominal voltage, and will be designed for 99.9%ilabslity.

The frequency inverter set must comply with thelelsshed electromagnetic compatibility (EMC)
requirements (IEC 61800-3) and total harmonic dito (TDH) values at the coupling point (PCC)
IEC 61800-3-12, IEEE 5109.

7.8.11.Low-voltage frequency inverters

The low-voltage frequency inverters shall be inardance with IEC 60146. They shall have 6-pulse
rectifiers, low harmonic distortion, two-quadramives, pulse width modulation (PWM) and vector

control, as well as input inductance for harmomiduction and dv/dt output filters. VDF topology

can be CSI (current source inverter), or, prefgrasBl (voltage source inverter), but IGBTs must
be used in the rectifier and inverter modules.

Frequency inverters for motors with power equabtgyreater than 50 kW will be bypassed and
mounted on independent, self-supporting boards frottt access.

The protection level will be IP 42.
The following pumps motors shall be powered by diestpy inverters:

v Recirculation pumps, 380V

Booster pumps, 380V

Seawater intake pumps, 690V

Chemical cleaning and displacement pumps, 380V
Product water pump type n°1 and n°2, 380V

AN NI NERN

The frequency inverter set must comply with thelelsshed electromagnetic compatibility (EMC)
requirements (IEC 61800-3), as well as with thaltbtarmonic distortion (TDH) values at the
coupling point (PCC) IEC 61800-3-12, IEEE 519.

7.8.12.Soft-Start Drive

Motors with power greater than 5.5 kW that aredroten by a frequency inverter will have electronic
starters.

The soft-starters will have a bypass and be mountethdependent, self-supporting switchboards,
with frontal access. The protection level will ie34.
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7.8.13.Power Factor Correction

To guarantee a power factor equal to or greater ®@5 at the customer connection point (CCP) and
improve the overall facility power factor, a re&etpower compensation is proposed at several tevels

v' Reactive power compensation produced by high-pressump medium-voltage motors.
Individual compensation is provided in paralletihe machine, with a protection element and
specific maneuver to avoid the capacitor bank eetitation phenomena.

v Fixed value compensation associated with secortdangformers.

v' Adistributed compensation system was chosen iddally, by panel, for low-voltage power
factor compensation. Automatic self-regulating tsamkll be installed to correct the power
factor caused by the different devices installetbim circuits. MCCs and TBT-SA will be
connected to the common and essential serviceonetw

The equipment's capacity is detailed in the catmradocument. This equipment shall allow the
facility to work at full capacity, with a power fer of 0.98.

The batteries will be protected by an automaticuirbreaker, insertion resistors and tuned filter
reactors. The automatic condenser batteries slsalll@mve an electronic regulator with a fieldbus
communication port and be integrated into the pdagdntrol and general supervision system.

7.8.14.Cables

The medium voltage cable to be used will be th® &AL, class 2 copper conductor IEC 228, with
cross-linked polyethylene (XLPE) insulation for nraym service temperature of 90°C and short-
circuit at 250°C and PVC layered, according to EB502-2.

The low-voltage power cable to be used will be @t&1 kV twisted copper conductor, with PVC
insulation for permanent service maximum tempeeatdir90 ° C and short circuit at 250 ° C, PVC
layered.

Cable cross-section calculated based on:

v" The maximum permissible voltage for cables in peramaservice. Voltage correction factors
by temperature, type of load, coupling and typassembly were considered.
v" The maximum voltage drop, according to NBR 5410:

. 5%, in relation to the delivery point.
. 10% maximum at motor startup.
. 4% maximum in terminal circuits (lighting and payve

The minimum established sections are as follows:

v' Voltage 4 mm2
v' Commands and signage 1,5 mm2

The neutral and protective earthing conductor saestimust be dimensioned in accordance with
applicable regulations.

The conductors that supply inverter motors shaltdrecentric and shielded. The cable screens will
be grounded.

7.8.15.Prefabricated electrical ducts (busbar ducts)
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For 6.6/0.4 kV power transformers, the connectietwieen the secondary transformer and the low-
voltage switchboard is projected with use of a guvetated electrical conduit. The prefabricated
electrical piping will be designed according to tB€ 60439-2 standard.

The high voltage bars shall be made of copperwm@um, in a steel shell. They will be fixed on
ceilings and walls. All bar stages shall be sedletiveen different areas with flame retardant
elements.

7.8.16.Local Pushbuttons

The main machines driven by electric motors shalplovided, in their vicinity, with a local panel
and mushroom type button for an emergency machampe somplying with IP — 65 protection index.

In the case of valve drives or motorized gatesptreels will have an opening push button, a closing
button and an arrow type emergency stop button.

7.8.17.Direct current system

The DC system shall supply 127 Vdc power for thetimd and command of medium voltage circuit
breakers.

Since many direct current systems are installesethre two transformation centers in the plarg: on
in the Intake Building and the other in the Prodéssading.

The direct current system will be redundant, cdimgjf two chargers and two battery sets for 100%
of the expected charge, with a 1-hour intervaladdstribution board with dual power input. Batbsri
must be Ni-Cd, sealed and maintenance-free, witlatda non-corrosive or flammable enclosures
that must be housed. The set is designed for insiervice.

The electric loaders and distribution cabinets|dbalof self-supporting metal type, floor mounted,
with IP54 protection level. The cabinets shall lbeessible from the front, and cable entry points
shall be located from the bottom of the respedtiwat access, with fixed maneuvers.

7.8.18.Uninterruptible Power Supply (UPS)

An uninterruptible power system (UPS) is designadefach of the projected electrical rooms. The
equipment's output voltage will be 220 Vac, 60 &fml will supply the DCS and 1&C equipment and
the rest of the plant's vital loads. The systeml &ie100% redundant and consist of the following
elements:

v' 2x Pulse Width Modulated (PWM) Inverters

v’ 2x static bypasses, by dry transformer and stabilizat will be activated by an automatic
switch and manual action without cut-off.

v' 2x manual bypass for maintenance operations.

v" Microprocessor control.

v' Alarms and signal panel.

The UPS and distribution cabinets shall be of tiesipporting metal type, for floor mounting, with
IP54 protection level. The cabinets will be acdassirom the front and cable entries will be made
from the bottom part of said accesses; they shellide fixed circuit breaker switchgear.

7.8.19.Backup Power System (Emergency)
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In the event of a prolonged power failure or disetion from source, the installation of an
alternative generator set is recommended, to atlmvfacility’s essential electrical loads to be
supplied.

Essential electrical loads are: the membrane displ@nt pumps, distributed control system, lighting
and power outlets system, air compressing servittes, hydraulic compressor, motor valves,
overhead cranes and cranes, air conditioning aefighting systems.

The study and sizing necessary for the installatifos backup power system are beyond the scope of
this assessment study, and can be incorporatée ilatier project stages.

7.8.20.Cable Troughs

Independent cable layouts shall be projected faliome and low voltage, control and instrumentation
lines.

The best installation method shall be providedtifi@r various cable layout situations, according to
the need presented.

7.8.20.1.Cabe Trays

The cable trays to be installed in indoors musthieeladder type and made of pultruded fiberglass,
for light and heavy cables, and must be manufadturaccordance with the Brazilian electric sector
rules. The tray supplies must include all installataiccessories.

The cables shall be arranged in a straight laytoupreserve their positions relative to each other,
avoiding jamming. Entrances and exits shall be @bezt in a way that does not prevent the
maintenance of existing cables or the installabibnew ones.

Each circuit shall have clamping flanges to hol@ thhases together, so that thermal and
thermodynamic stress, due to the different conaitithat may arise during plant operation, cannot
move or deform them.

The cables shall be tagged into the trays at 5mm&iErvals, with their corresponding circuit.
7.8.20.2 Perforated cable floor duct

When necessary, masonry gutters may be used ft& waing indoors. The gutters must have floor
grating for cable protection in the pathway and tries dimensioned according to the gauge and
number of passage circuits.

7.8.20.3.0utdoor drainage ditch pipes

The cables shall be embedded in ditches underequipthe soil, arranged in layers. The ditch’s
minimum depth will be 600 mm to avoid any plumbungder the pavement, and 800 mm under the
road.

Ditch dimensions will vary depending on the sersifmund (water, gas, etc.) and number of circuits.
A signaling tape will be placed along the pipingatarn of the existence of electric wiring and its
mechanical protection elements (polyethylene til&iych routes will be clearly marked and
identified.

Regulatory safety distances shall be maintainegairallel and intersections with other services
(power lines, communications, water or gas). Indase of road intersections or roads with traffic,
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the cables will be installed under a fiber cemabetwith a 150mm diameter. In all cases, two free
pipes will be provided with pre-installed guidevar®r future installations.

Pipeline layout will be as straight as possible parhllel to fixed references, such facade linas an
guides, avoiding changes in direction.

7.8.20.4 Exposed Electrical Conduits

In case of exposed electrical conduits, wiring Wwélhoused in a galvanized steel tube in accordance
with NBR 5597 and 5598, for surface mounting withaati-corrosion finish and C4 classification.
The log boxes shall be installed every 15 m, attmos

Only curves shall be allowed for layout deviatiand it is strictly forbidden to subject conduits to
heat. The conduits must be supplied with a threatlsslre at one end. Such ends, when not threaded
directly into housings or connections with theirrofemale thread or stop limiters, must necessarily
have bushings, washers, or die cast zinc Zamacs.

The conduits must be dimensioned according to NBR)5
7.8.20.5Unexposed Electrical Conduits

In the case of layout through unexposed condtigswiring will be housed in a rigid PVC pipe, self-
extinguishing and threadable, according to NBR 6150

Only curves shall be allowed for layout deviatiand it is strictly forbidden to subject conduits to
heat. The conduits must be supplied with a threatlsl/e at one end. Such ends, when not threaded
directly into housings or connections with theirrofemale thread or stop limiters, must necessarily
have bushings, washers, or die cast zinc Zamacsdhe@uits must be dimensioned according to
NBR 5410.

7.8.21.Lighting

Sufficient light spots will be installed to providelighting level that guarantees safe and efficien
plant operation. Installation will guarantee thdwing average lighting levels:

Location Light(ilrdtg:j()level

Control rooms and laboratories 500
Offices 500
Electrical rooms 500
Indoor process areas 400
Outdoor process areas 200
Service galleries 150
Warehouses 200
Workshops 300
Hall, hallway, bathrooms, dressing rooms and servic 150
areas

Roads and parking 50
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The types of fixtures to be installed were definedording to the type of facility, ceiling heighteas
and environment. The fixtures must be arrangednraaner to ensure maximum lighting uniformity
and so that lamp replacement can be done withskibficontact with other voltage elements.

Maintenance of all lighting equipment must be derfteout the need to assemble complex structures.
Fixtures will have a maintenance factor of 0.7.

7.8.21.1Indoor Lighting

The essential service bars supply general ligittngach zone. From this point, different outletd w
be made to the local lighting boxes in the building normal and an emergency lighting installation
are planned.

The lighting distribution will be 3-phase, and #reas illuminated by more than one circuit will be
fed by different phases. All lighting circuits witle protected by circuit breakers and 30 mA of
sensitive and instantaneous response differermgegtion.

The administrative building lighting will be donérough independent mechanisms, keys and
pushbuttons. The interior processing, electricaintp workshop and warehouse areas will be
controlled from the control room. The mechanismislva housed in a synthetic material (PVC) box,
which will vary according to the risk of each ldoat In the case of processing rooms and
laboratories, the pushbuttons will be IP 65, waghttand have a lid. They will be installed on the
surface, as close as possible to the access doors.

The types of fixtures provided are the following:

v In processing and electrical rooms less than 4 gh,hivatertight IP65 fixtures for surface
mounting equipped with 2x18 W LED lamps shall betafied.

v In process rooms over 4 m high, watertight IP6%ufies suspended from the ceiling, of the
industrial hood type and equipped with LED lampslisbe installed at 150 W.

v In the offices and control room areas, built-iregers, with V-slatted grids, equipped for 2x18
W LED lamps shall be used.

Emergency lighting will automatically come into wee when normal supply fails. An average
lighting level of 5 lux was considered for evacaatroutes, tables and/or equipment used to perform
any type of maneuver, inspection or measurement.

The installation of emergency lighting will be dowéh watertight autonomous fixtures and 3.5W
LED lamps, 230 V power and a nickel-cadmium batteityh 1-hour minimum autonomy.

7.8.21.2. 0utdoor Lighting

The outdoor lighting installation includes the steeand external processing areas: pre-treatment,
post-treatment and product water tanks.

Outdoor lighting control shall be executed by tisnagtches and photocells.

Cylindrical columns in galvanized steel sheet, 6igh, with spherical waterproof IP65 fixtures,
equipped with 150 W LED lamps and anti-vandal patiponate closures were elected to compose
street lighting.

In the pre-treatment, post-treatment and produteémtank working areas, 6 m lighting posts with
400 W LED projectors will be installed.
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7.8.22.Power outlets

The outlets shall comply with the IEC60309 standaravisions. The lighting switchboards and
outlets shall be independent of each other.

A minimum of two single-phase, 220 V, F + N + PE,A socket outlet boxes shall be installed per
room in administrative buildings.

In the process areas and electrical rooms, soek#ts400 V, 3P + PE, 32A power outlets shall be
installed for the operation of portable, weldinglaimilar equipment; these outlets shall have two
single-phase 220 V, F + N + PE and 16A capacitkeise for various uses.

The outlet boxes shall be made of synthetic mdteaataining a lid and IP65 protection level. They
shall be distributed throughout all areas, locatkEde to the main equipment with a maximum
distance of 25 m between two outlets.

The power circuits will be protected by an automaticuit breaker, differential protection senstiv
and 30 mA instantaneous action.

7.8.23.Grounding
The main objectives to install a grounding systee a

v" Ensure safety so that people are not exposed tgedauns electrical stress on a permanent
basis or under conditions of failure.

v Protection of the facility, in case of power fadurensuring an impedance low enough to
facilitate correct protection device operation. Manance of system voltages within adequate
limits, to avoid a dielectric breakdown of insutati

v' Create an equipotential grounding platform on whatbctronic equipment can operate.
Provide an alternative path for induced currerdglsctrical noise in the cables is minimized.

Grounding projects shall comply with the ANSI / IEdBO Standard provisions.

The grounding grid shall have a resistance less dh&qual to 5 Ohms at the electrical network and
1 Ohm at the 69/6.6kV Substation, which guarantegjaate contact and step voltages.

The grounding system shall consist of at leastdahewing:

v Protective grounding for plant equipment
v' Transformer neutral grounding

v' Lightning rod grounding

v Instrumentation grounding

These grounding systems will be joined togethdotm a single equipotential surface.

The grounding system dimensions shall be calculededidering the maximum fault current in the
most unfavorable conditions, in magnitude and ferlkase time, characteristics and soil resistivity
values.

When there are high soil resistivity conditionseapl chemicals or additives will be used to imgrov
these values to achieve regulatory compliance.

The grounding system installation shall consistrofinderground and overhead network of protective
conductors.
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The underground network consists of a series ofl8ng buried steel-copper rods, joined together
by a 50 mm bare, soft copper cable (with a 95 fsection at the 69/6.6kV Substation), forming a
buried grid in direct contact with the ground.

In buildings and machine areas, cable groundintj Baonnected to the reinforcements, pillars and
structures.

The overhead network will be formed by 35 Asaction copper protective conductors, which shall
join the mechanical equipment, such as benchelss tamd surface structures to the buried network.
The electric motors will be grounded through thet@ctive conductor part of the power supply. The
cable metallic shielding shall be grounded.

The lighting column circuits in the external aredmll have their own grounding with a 35 mm?2
section cable, and a 2 m boom will be installed nexach.

All splices, shunts and cable joints will be madhaluminothermic welding.
7.8.24.Protection Against Electrical Discharges and Overvitage (SPDA)

In order to mitigate the damage that can be calbgdidhtning impact on the building’s structures it
occupants and equipment, a lightning protectiotesysnust be installed.

Sizing for the lightning protection system mustdstermined in accordance with IEC 62305; the
components and materials used must comply with@E&13 and IEC 50164.

The lightning protection system must consist of:

v' A lightning arrester system that will be installgda certain height above the highest points
of the buildings, structures or installations togvetected. An active arrester system with a
priming device (PDC) was selected. Active and passystems (Franklin rods and capture
meshes) can coexist. In this way, if there is digk structure or area outside the planned
protection zone, both systems can be combinedveradl areas.

v' System to conduct the electrical discharge to #rthdoy drawing two independent paths, to
ground with the shortest possible length.

v" A grounding electrode conductor to adequately patsi electrical discharges.

To obtain full protection against overvoltage egetite system must consist of an external protectio
system against direct lightning and an internaltgmition system. Overvoltage protection will be
installed on the distribution switchboards, whiclagantee the protection of the equipment connected
to the facility.
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8. Architectural Project

8.1.Introduction

The seawater desalination plant is located in kewéa Ceara, at the Praia do Futuro | District,
bordering streets Francesco de F. Dangelo, Raimtstieves, Oliveira Filho and Pinto Anténio
Bandeira. It corresponds to a regular land planfxt by two partially unoccupied blocks, separated
by an unconsolidated street. The total area cooredgpto 2.3 ha, where 2 hectares correspond to the
two blocks. The nautical charts indicate a deptih40 m at a distance of 2.5 km from the coast.

The complex consists of a series of buildings,udrig the Process Building, the Administrative
Building, the Collection Chamber, the Final ProdReservoir and Pumping Station.

These are described below, taking into account tlegpective locations within the plot, functions
and construction suggestion.

8.2.Process Building

8.2.1.Location

The Process Building is located at the site’s gente
8.2.2.Function

Among others, the Reverse Osmosis rack, cartridggst filter washing pumps and chemical
cleaning system shall be located in this building.

8.2.3.Construction

The building consists of a metallic structure, watlioof sandwich composition composed by two
curved metal panels and a Galvalume steel trapakzpahel with interior rock wool and adequate
treatment according to its proximity to the sea higth sea spray corrosion.

The facades shall also bear the same metallic EEmelwich roof system, with rock wool in its
interior and two colors, gray and white. It shalteive treatment according to its proximity of sea
and high sea spray corrosion.

It shall have a basement in concrete block, widlstglr and paint in concrete gray color.

The interior floor shall be in smooth concrete wafhoxy resin.

8.3. Administrative Building

8.3.1.Location

Connected to the Process Building, at its northevasside.

8.3.2.Function

The Administrative Building encompasses the follogvspaces in FLOOR 00:

v Entrance with Reception, connected to the Proca#diBg, the personnel area with changing
rooms and FLOOR 1

Male and female restrooms and changing rooms (@beddo the reception)

Mechanics Workshop (connected to the Process Bigi)di

Electrical Workshop (connected to the Process Bhgld

v' Warehouse (connected with the outside).
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v Electrical Room and Transformation Station (coneéetith the outside)

v Brine Reservoir

v Auditorium area for approximately 180 people (ascieem the outside, and connection to
the Water Museum, on the top floor)

At FLOOR 1, the program consists in:

v Laboratory with kitchen, male and female restroaxilities, 01 office and file room
Floor Support Sanitary Facilities

Observation Room

05 offices

Meeting room for 12 people

Control Room

v' Water Museum

DN NI NI NN

There are also 09 outdoor parking spaces avaifableght vehicles and 02 parking spaces destined
to the transportation of visiting passengers.

8.3.3.Construction

Beam column and reinforced concrete slab structystem, with a glass front southeast fagade,
composed of a Stick system with Gray RAL 9006 firesd laminated glass in a neutral color.

Occasionally, in FLOOR 0, some glass panels infditiade may be replaced by opaque ACM panels
to opacify technical areas.

The roof is in concrete slab covered with waterfirmpscreens and thermal insulation.
8.4.Intake Building

8.4.1.Location

Located on the South side of the land plot.

8.4.2.Function

Intake building, electrical room, pump room.

8.4.3.Construction

Beam column and reinforced concrete slab structystem, with concrete block walls, plastered
concrete and gray concrete paint. A concrete shatb covered with waterproofing screens and
thermal insulation, with a trapezoidal sheet caowgrwith treatment adequate to the building’s
proximity to the sea and to sea spray corrosion.

8.5.Final Product Water Storage and Pumping Station
8.5.1.Location

Located at the land plot’s entrance, in the nortvaeea.
8.5.2.Function

Final product reservoir and pumping station.

8.5.3.Construction
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Reinforced concrete structure, painted with a gmaycrete color. Concrete slab roof covered with
waterproofing screens and thermal insulation.

9. Plant Instrumentation and Control

9.1.Instrumentation and Control System Communication

The necessary field instruments will be installedperform the facility’'s assessment, operation,
shutdown, control and supervision and to identiuipment status for its maintenance. Field
instrumentation shall not only provide the corregting signal to the control system, but also have
local records, in engineering units, of the varealdlue, to allow identification of its value "ifts'.

In the same way, it shall have a display with ablaayd to identify other values, such as totalizers,
measurement ranges or others.

The local instruments deemed necessary shall @&sodtalled to determine field operation status,
regardless of the existence of control and indicatdf the same variable. Among others, the
installation of pressure gauges on pump suctiordesuharges sites, a local thermometer for seawater
temperature measurement before the racks’ enttyylshaonsidered. Storage tanks for any product
and chemicals shall have a local liquid level iatitn through visual verification and level
transmitters.

The instruments shall not be mounted directly oa thbe. A frame shall be built where the
instruments that must be physically close must loeinted. Manometers, pressure switches and
pressure transmitters or differential pressurestratiers must be equipped with an adequate isolatio
valve, depending on fluid and pipeline pressurdégyTshall also have an air release valve to allow
elimination of air trapped in the instrument. Like®; they shall be assembled with a membrane to
separate the fluid to be measured. Pressure trdassnand differential pressure gauges shall be
equipped with a valve set suitable for isolatioquaization and purging operations, to prevent
membrane rupture during instrument assessment.

The process data communication network betweenraltars, remote 1/0O offices and field
instruments will be controlled through FieldbusPirofibus DP optical fiber.

The bus shall allow transmission speeds of up thih per second.

The system will be able to read all variables geteer by field devices without the need for addion
wiring. Field devices will provide all diagnostioformation, including device and configuration
failures, mode of operation and maintenance reguest

The system will allow connection of all field deggcertified by the standards organ corresponding
to this type of field bus, and shall not requirdiidnal approvals from the main system manufacture

The system will allow fieldbus communication at Hdwer speed, device powered by the bus) and
H2 (high speed, high bandwidth) levels, using glsitommunication protocol that minimizes the
need to use multiple configuration tools.

The design, assembly and instrument and controhtgeand their auxiliary systems must comply
with ISA, NEMA, IEE provisions or equivalent stamds. They must also comply with all
requirements of electromagnetic compatibility stmd IEC 61000-4-2, 61000-4-3, and 61000-4-4.
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Due to the distance from the Plant to the DELIVER®INTS, a radio or equivalent solution must
be provided for transmitting data from the sensossalled at those points to the Plant Control
System.

9.2.List of Field Instruments

Instruments installed in a desalination plant gpecglly:

v" Flow measurement instruments in:
e Seawater pumps
» Filtration of each filter
» High-pressure pump feed
* Feed to the recovery system
* Brine recirculation
* Permeate water per rack
* Total plant production
* Tank connection pump
* Water flows provided at DELIVERY POINTS
v Instruments for pressure measurement at:
* The impulses of each pump
* The entrance and exit of each osmosis pass
* The permeate collector outlet
* At DELIVERY POINTS
v Instruments for level measurement at:
» Chemical storage tanks
* Chemical cleaning and displacement tanks
» Collection chamber
* Product water reservoir
v' Temperature measurement instruments at:
* At osmosis rack inlets
v Float level, contact and pressure switches.
v Analytical instruments
* To measure turbidity
> Before and after pre-treatment
» At the product water outlet
> At DELIVERY POINTS
» Conductivity measurements at:
Seawater inlets
Permeate collectors from each rack
Osmosis racks inlets
Brine discharge
Product water collector
> At DELIVERY POINTS
* For pH measurement at the:
» Seawater inlet
» Filtration outlet
» Permeate collector
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> Brine discharge from the neutralization tank

» Product water collector

» At DELIVERY POINTS
» To measure Redox potential, ORP

» At the seawater inlet

» At the permeate collector from each rack

> Inlet to osmosis racks

» At the brine discharge from neutralization tank
* For chlorine measurement

» At the seawater inlet

» At the product water collector

» At DELIVERY POINTS
» Others: hydrocarbon, hardness, silica content &ldriters, etc.

9.3.Control System

The Process Control System will be executed thrau@listributed Control System (DCS). It shall
contain different signal concentration offices wit® cards, distributed throughout the desalination
plant, two PCUs with real redundancy, the workssitassociated software and communication
networks between various elements.

The equipment must meet all the requirements etrelmagnetic compatibility standards IEC 61000-
4-2, 61000-4-3, and 61000-4-4.

The proposed supervision and control systems doofsike following levels of control:

v' Level zero, or data acquisition and local contmel. This level shall correspond to
instrumentation and field control.

v’ First level, or the sequential control that coraesgs to the plant's logic controllers (PLCs).
Its functions are:

» Data acquisition (analog variables and equipmexttistreading)

» To create events and alarms (depending on pragestsianalog variable measurements)

* Interlocks and operating sequences surveillanceh(wreation of alarms in non-
compatible situations)

» Start/stop, open/close the device. With interloslsseillance. These commands can be
executed according to the PLC's internal programepending on a command from the
central supervision system.

* Operation loops

This level works autonomously, that is, it workshe@ut communication, making its own

programmed decisions.

The remaining zone controllers shall be instaledlase as possible to the signal transmission

elements. The central controller and periphery h& distributed zone communicate via

Ethernet, through the fiber optic ring.

v' Second level, or Supervision: this level is exedute the supervisory PCs control room,
where the supervision software is located in thedbis operating system. From this level,
one can:

* Visualize all field elements (states, analog valets.)

» Visualize historical data (trends, alarms, etc.)
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* Change data, slogans or process parameters

» Place remote requests for field staff

* Create reports

* Obtain equipment and system information (electri@grams, incident sheet, etc.),
through a link with the management application.

The facility shall have its own control room, whéne operation and engineering stations and servers
will be installed.

At the operation and engineering stations, the lycamterface (HMI), created based on specific
programs for this purpose, will be available fotradasualization, commands, alarms, process cqntrol
events, facility maintenance and operation repgrtin

The screens will be interactive, based on menesartchically structured, representing the Plant’s
general level until the points level.

Two (2) redundant servers shall be included fol tieae data and history data storage. One (1)
operating station and one (1) engineering statidinbe included. Each workstation shall consist of
two (2) 27" monitors, optical mouse, keyboard afuvi#th the latest generation hardware and high-
performance Windows operating system. Communicataii be made through Industrial Ethernet.

It will include all the software and licenses nexagy for the proper operation of each workstation,
including: Windows operating system, Microsoft ©fi (Word, Excel and Access), antivirus
programs.

The Process network communication between PLC albats and the operating stations shall happen
through the Ethernet, with optical fiber as a supd@ata transmission shall done by baseband with
a minimum speed of 15 Mbits per second. The networkocol will be TCP/IP.

Communication between the main controller and émeate 1/O offices will be done through a fiber
optic Fieldbus of the PROFIBUS (DP and PA) or Hielsl Foundation type. The Fieldbus shall allow
transmission speeds of up to 12 Mbit per second.

9.4. Communications Network

There will be a telephone exchange and an intedeiaphone network to allow communication
between different rooms and areas of the desadimatiant. Internal telephones will be installed in
the control room, offices, etc. The tone shall deder considering the noise level of each area.
Several telephones shall be distributed to fatditmmmunication, according to the extension of the
workplace.

9.5.Video Surveillance Network

A perimeter Video Surveillance Network will be iabéd on the desalination plant's premises and
interior, with recording capabilities (DVR). The maccess door shall also have an intercom with a
control room with an automatic door.

It also contemplates the installation of a perimsgzurity system that prevents people outside the
plant from trespassing.

The Control System Diagram is shown below.
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10. Connection with CAGECE’s Macrodistribution System
10.1.General Condition

In meetings between the technical team and CAGH@&Enost efficient plan to incorporate the water
produced in the desalination plant into CAGECE’'segal water distribution system was discussed
and defined.

This study was executed considering the Generalfi@oation of the Intake System and the
distribution that CAGECE has in operation, currgahsport capacities, global demand values by
distribution zones and altimetric level, charadtéri reservoir storage and the system’s general
effectiveness and weaknesses.

It is important to note that this new water sousgkich shall increase CAGECE's availability by a
large daily volume (1 m3/s), will be located at @mal of the system and where direct demand values
from the altimetric levels will not be enough tansame this new volume in the short term.

10.2.General Configuration of the Intake System

The general configuration of the injector systentedaines that all the water produced by the
desalination plant shall have as its objectiveatisf/ the demands of the Mucuripe and part of the
Aldeota branches, currently supplied by the Anceservoir.

The desalination plant’s interconnection to the étagsystem will be executed directly from the
Aldeota and Sao Pedro branches distribution netsy@® well as from the Mucuripe reservoir.

In this manner, the treated water pumping stathall $e built consisting of four active pump sets
and one reserve/replacement. The pressure mais atdhe desalination plant and extends for about
1,343 km, in HDPE DN1000 mm; from this point, thpewill be divided into two different sections:
one that will go to the Mucuripe reservoir, witkeagth of 1,196 km, in HDPE DN710mm, and other
that will continue to the Aldeota branch with anpegpximate length of 5.277 km, in HDPE
DN800mm.

The interconnection with the system shall happetwim different ways in the Mucuripe branch:
through a direct interconnection to the Sao Pedandh’s distribution network, in a preexisting FoFo
DN400mm pipe, and the interconnection with the MipmiReservoir, from where the supply to the
Papicu, Varjota, Cidade 2000, Praia do Futuro, @aPasca, Cais do Porto (Serviluz) and Vicente
Pinzon districts shall happen. The Mucuripe bramghreceive a flow of around 400 L/s from the
desalination plant, and the surplus produced wilsént to the Aldeota branch.

The interconnection with the Aldeota branch shaltetplace through the injection into an existing
steel DN700mm distribution network, from where Ate:nds to supply the sector. In a standard
operating situation, the Aldeota branch will reeetv flow of approximately 600 L/s of the water

produced by the desalination plant. However, tipelpie that shall interconnect with the branch was
sized so that, in special situations, it can transp000 L/s.

Flow and pressure meters will be installed at thiatpf arrival of the pipelines from the desalioat
plant, in the Mucuripe (before leaving for the SZedro branch) and the vicinity of the Aldeota
reservoir, as well as in the plant’s outlet.
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The scheme configuration of main line interconreewiof the desalination plant with the existing
macrosystem, as well interconnection details o$¢haes with the Mucuripe and Aldeota branches
are presented in the following drafts.

Figure 10.1 - Intake System Scheme Configuration

B

INTERLIGACAO CAGECE
CAPTACAO — PEAD 1600mm
EMISSARIO — PEAD 1200mm
Setor Aldeots % o1 = : | TRECHO | — PEAD 1000mm
Distribuicio — 600Us / o ' W TRECHO 2 — PEAD 710mm
] ; : | TRECHO 3 — PEAD 800mm

N ']

i ®\ MACROMEDIDOR

¥

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

~
14J295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 ﬁ



Companhia
de Agua e Esgoto
do Ceard

‘§Cagec

PLANTA DE DESSALINIZACAO DE AGUA MARINHA

Cageoe
COMPANHIA DE AGUA E ESGOTO DO CEARA

INTERLIGACAO DESAL — MUCURIPE

PRAIA
DO FUTURO
~
™
ALDEOTA !6 x
~ x \
SN !
WO
I
=
o |
.
/
/
/
v
// //
/s
A
/
7
A\
/
/ \\ 2
P
| =
| -\
=%
’)ffi(\ o
‘ @\ o
\ DS
\ 2 \°
\ S
-
\ (@]
N
L
\\
N AN
N -
W N2
RN s\ le b P LEGENDA
o S - ADUTORA PROJETADA
****** ADUTORA DE AGUA BRUTA
****** ADUTORA DE AGUA TRATADA
—————— ADUTORA DESATIVADA
SUB ADUTORA
REDE DE D[STRIBU\QAO
— m— LIMITE DE ATUAGAQ
- Cagece — Companhia de Agua e Esgoto do Ceara
14429¢

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
Fone: (85) 3101.1719Fax: (85) 3101.1860

|




Companhia
de Agua e Esgoto
do Ceard

‘§Cagec

PLANTA DE DESSALINIZACAO DE AGUA MARINHA

Cageoe
COMPANHIA DE AGUA E ESGOTO DO CEARA

INTERLIGACAO DESAL — MUCURIPE

PRAIA
DO FUTURO
~
™
ALDEOTA !6 x
~ x \
SN !
WO
I
=
o |
.
/
/
/
v
// //
/s
A
/
7
A\
/
/ \\ 2
P
| =
| -\
=%
’)ffi(\ o
‘ @\ o
\ DS
\ 2 \°
\ S
-
\ (@]
N
L
\\
~ W
N -
W N2
RN s\ le b P LEGENDA
o S - ADUTORA PROJETADA
****** ADUTORA DE AGUA BRUTA
****** ADUTORA DE AGUA TRATADA
—————— ADUTORA DESATIVADA
SUB ADUTORA
REDE DE D[STRIBU\QAO
— m— LIMITE DE ATUAGAQ
145/295 Cagece — Companhia de Agua e Esgoto do Ceara

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
Fone: (85) 3101.1719Fax: (85) 3101.1860

|




& Companhia
N a e‘ e de Agua e Esgoto
do Ceard

The budget for the interconnection with the CAGESyBtem are presented below.

CAGECE - PMIDESSALINIZAGAO FORTALEZA - 1m3/s
PLANILHA ESTIMATIVA - ANTEPROJETO

ITEM DESCRICAO DOS SERVICOS PRECO TOTAL (RS)
PMI DESSAL FORTALEZA 484.486.896,89
21 SERVICOS PRELIMINARES (INCLUI MOBILIZACAO/ADMINISTRACAO LOCAL) 10.434.732,75
2.2 CANTEIRO DE OBRAS (INCLUI CONSTRUGCAO DE CANTEIRO E MANUTENGAO) 5.424.162,57
2.3 TUBULACOES E EQUIPAMENTOS - TRECHO 1 - PEAD DN 1000 11.278.180,80
2.4 TUBULACOES E EQUIPAMENTOS - TRECHO 2 - PEAD DN 710 7.163.628,05
2.5 TUBULAGOES E EQUIPAMENTOS - TRECHO 3 - PEAD DN 800 49.360.223,32

10.3.Pumping station
10.3.1.General Considerations

In accordance with the general transportation goméition presented in the previous section, the
treated water pumping station shall be built nexthie product water reservoir. This infrastructure
shall be installed inside the plant's perimeter badesponsible for transportation of water to the
Mucuripe and Aldeota branches.

The treated water pumping station is designeddeease the flow of 1000 L/s to a manometric head
of 76.2 m, corresponding to the geometric diffeechetween the pumping station and the delivery
locations, considering total pressure system losses

10.3.2.Equipment
10.3.2.1 Motor-pump groups
The main technical characteristics of the propasetbr-pump sets are described in Table 10.1.

Table 10.1 - Main characteristics of the motor-pugnuup suggested - EEA-01

Brand HIGRA
Model R2-390 B
Total flow (m¥h) 3600 m3/h
Unit flow (m3h) 900 m3/h
Manometric head (mca) 76.2 mca
Total number of sets 5
Number of sets in operation 4
High-pressure pipe diameter (mm) 300
Suction diameter (mm) 300
Motor power (cv) 400
Rotation (rpm) 1750
Efficiency (%) 72
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10.3.2.2 Piping

The piping to be installed in the lifting stationdll be made of ductile cast iron, in some places
equipped with support “cradles”. The pipes will raake connection between the reservoir duct
upstream of the pumping station and the generdiosuenanifold, common in the motor-pump
groups. They shall also connect the general comjmresnanifold, common to all groups, and the
high-pressure pipelines, including the interconioestinside the station.

The general suction manifold will be equipped watps for the individual suction pipes of the motor-
pump groups. Each pipeline shall allow the assemblgn isolating valve and a pressure gauge
(pressure switch).

At the pumps’ outlet, each of the individual congsien pipes will be prepared to allow the assembly
of check and sectioning valves. The general comspmegiping will be equipped with bypasses for
the pumps, a hydropneumatic tank and a pressuggegau

10.3.2.3Valves

The pipes shall be equipped with valves of vartypes, to allow maintenance operations, for safety
or operational reasons and also to interfere wiéhiag and stopping pump conditions.

The section valves shall be of the butterfly typd @nstalled in the suction and compression pump
lines, in accordance with the designed parts.

10.4.Intake pipelines
10.4.1.Hydraulic sizing

Sizing of the pressure main between the desalimagiant and the connection spot in the Aldeota
branch was projected for a flow of up to 1000 While the section that leads to the Mucuripe

Reservoir was sized for a maximum flow of 500 tésguarantee a minimum pressure of 15 mca at
the Aldeota branch connection and 25 mca at theukijpe Reservoir.

Table 10.2 — Gravity and Pressure Line Sizing

Pressure Conduction
Desalination Plant — Fork Fork junction - Fork junction -
junction Mucuripe Aldeota

Material PEAD PEAD PEAD
PN 10 10 10
DN (mm) 1000 710 800
DI (mm) 881.4 625.8 705.2
Quim (I/s) 1000 500 1000
V (m/s) 1.64 1,63 2.56
L (m) 1343 1196,62 5277
Continuous | Ynit (m/m) 0.001506 0.00251 0.00503
Loss Total (m) 2.02 3.00 26.54
Site Losses (m) 3.11 0.12 1.77
Total losses (m) 5.13 3.12 28.31
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10.4.2.Construction Provisions

Pipeline implantation was carried out based onpagoaphic survey on a 1/10,000 scale, supported
by aerial photos made available by Google Earth.

The plan traces and longitudinal profile are digpthin the drafts at the 1/5000 (horizontal) and
1/500 (vertical) scales for the pressure and graiges, also including locations for the acce&sori

In the plan, some of the conditions caused by slbscupation are also identified, such as gasewat
supply and drainage piping. This information doespresent the necessary accuracy for the correct
guantification, and is therefore merely informative

In the profile layout, a minimum depth of 1.0 mrfrahe superior generatrix was designed, to
minimize the number of flush and air vent valve®éonstalled, as such amount is often exceeded.

A minimum slope of 2% was considered in the lorgjital profile draft.
The longitudinal profile draft includes the follavg information:

v Location of accessories (discharges, air vent wjve

v" Terrain dimensions, piping sill dimensions and ddpths;
v' Diameter, material and section slopes;

v Profile number;

v Distance to the origin and between profiles.

All accessories necessary for the execution oti#fmed plan are indicated in the drafts.

The conduit pipes will be laid in a trench, at tlepths defined in their respective longitudinalfiieo
The cross-section trench type is displayed in theftsl presented, where the pipe layout and
constitution of the various trench layers are d=firAmong these, one shall consist of material from
the ditch, free of rocks; in the case this is ingilgle because the soil is rocky, it shall consistiay
obtained from a different site.

10.4.3.Equipment

For the proper operation of the intake systeny itacessary that some equipment is installed, such
as section, flush bottom and air vent valves.

10.4.3.1.Section and Flush Bottom Valves

The flush bottom valves allow the pipe to be entpbiead must be installed at the low layout sites,
downstream of the section valves in the upstreartioses and upstream of the section valves in the
downstream sections.

The section valves allow sectioning of the duct fimsintenance or system operations. For this
purpose, this equipment is installed along thelpipeadopting, in general, distances betweenZ to
km.

Considering the general flush and section valvatlono principles, the mains’ altimetric layout and
the advantage that, in the flushes, only one oftwerespective sections can be unloaded, it was
found to be advantageous to assemble the orgartb@sdction and flush functions in the same site.

The Draft Nr.70 — FLUSH VALVE DETAILS (DETALHES CA{A DE DESCARGA) displays the
project for the section and flush bottom valves.

10.4.3.2 Air Vent Valves
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The air vent valves must be installed in the ppaltow the release of air in the duct, which can
result in cavitation.

The air vent valves to be installed in "high pdint$ the pipelines shall have three functions
(sometimes called double effects), that allow:

v' Expulsion of small amounts of air, that, when retsh during the system's permanent
operation, accumulate in the high areas;

v Large volumes of air to enter when, through simpkEntenance (opening of flush bottom
valves) or rupture, the pipes are emptied, to aegabgerating depressions;

v’ Exit of large volumes of air when the pipes ared) either after installation or after repairs.

The air vent valves will be installed in buried lesxaccording to the part drawn on Draft Nr. 69 -
AIR VENT VALVE DETAILS (DETALHES CAIXA DE VENTOSA).

10.4.4.Pipeline Anchoring
The pipelines shall be secured by mooring blocks.

As there are no stretches with slopes greater 1886, the installation of anchoring blocks is not
necessary.

The mooring blocks shall be built in concrete, sl&€8, reinforced with steel, class CA-50, to allow
absorption and dissipation of hydrostatic impulsehe pipes in areas where accessories exist.

In this way, instability and duct separation ingbanore fragile areas are avoided. The project
contemplates the implantation of these massifsreéctlon changes, either horizontal or verticahtth
generate curves. The location of the referred ifsassdisplayed in the implementation drafts.
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11. Work Schedule and Estimated Budget

ITEM SERVIGOS UNID | QUANT. R$

1 |PROJETO BASICO E EXECUTIVOS GL 1,00 8.098.601,03
2 |ELABORAGAO DO EIA/RIMA E LICENCIAMENTO PREVIO GL 1,00 688.410,36
3 |LICENCA DE INSTALACAQ E OPERACAO GL | 1,00 486.302,28

- - - - - - - - - - - - | 216296 181.973| 53128 17.355| 17.355 -

L 0, 0, - - - - - - - - - - - - -

4 SSEEE_PESQQB:{R\C; AMBIENTAL E MONITORAMENTO 6L 1,00 3.401.820,76 0,0% 0,0% 0,0% -

- - - - -| 240,000 - - - - - - - - - - - | 240.000
5 |INTERLIGACAO A CAGECE GL | 1,00 83.660.927,49
6 |CAPTACAOQ DE AGUA E DISPOSICAO DE CONCENTRADO GL 1,00 97.260.179,19
7 [PLANTA/LAYOUT GL | 1,00 54.338.505,29
8 - GL [ 1,00 222.321.493 96

EQUIPAMENTOS, MONTAGEM, TREINAMENTO E START-UP - - - - - - - - - - - - - - - - - -

9 [FORNECIMENTO DE ENERGIA GB 1,00 11.007.696,00

- - - - - - - - - - - - - - - - - - 500.350
10 |JACABAMENTOS FINAIS GL 1,00 7.799.493,92

1.557.937 | 1.557.937 | 1.468.704 | 1.409.235 | 1.409.235 | 1.603.127 | 684 684 684 684 17.415 684 216.296 | 181.973 | 53.128 | 17.355 | 17.355 | 240.194 | 21.400.426
0,3% 0,3 0,3¢ 0,3¢ 0,3 0,39 0,0° 0,0 0,0 0,0¢ 0,0¢ 0,0° 0,0¢ 0,0° 0,0° 0,0¢ 0,0 0,0 4,4
L e e % % % % % % % % % % % % % % % % % % %
1.557.937 | 3.115.875 | 4.584.579 | 5.993.815 | 7.403.050 | 9.006.177 |9.006.861 |9.007.545|9.008.229 (9.008.912 (9.026.328|9.027.011 | 9.243.308 | 9.425.281 (9.478.409|9.495.764 |9.513.120| 9.753.314 | 31.153.739
0% 1% 1% 1% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 6%
Total
20 21 22 23 24 25 26 27 28 29 30 3 32 33 34 35 36 37 38 39 40 41 42

100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 350.628 100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 100.935 350.628 3.401.821
3.802.769| 3.802.769( 3.802.769| 3.802.769( 3.802.769| 3.802.769( 3.802.769| 3.802.769| 3.802.769| 3.802.769( 3.802.769| 3.802.769( 3.802.769| 3.802.769( 3.802.769| 3.802.769( 3.802.769| 3.802.769| 3.802.769( 3.802.769| 3.802.769 83.660.927
4.420.917| 4.420.917| 4.420917| 4.420917| 4.420917| 4.420917| 4.420917| 4.420917| 4.420917( 4.420.917( 4.420.917| 4.420917| 4.420917| 4.420.917| 4.420917| 4420917 4.420917| 4420917 4.420917| 4420917 4.420917 97.260.179

2.469.932| 2.469.932| 2.469.932| 2.469.932| 2469.932| 2.469.932| 2.469.932| 2.469932| 2.469.932( 2.469.932( 2469.932| 2.469932| 2.469.932| 2.469.932| 2469932| 2469.932| 2469932| 2469932 2469.932| 2.469.932| 2.469.932 54.338.505

10.105.522 | 10.105.522 | 10.105.522| 10.105.522  10.105.522| 10.105.522 [ 10.105.522 [ 10.105.522| 10.105.522 [ 10.105.522| 10.105.522 | 10.105.522| 10.105.522| 10.105.522 | 10.105.522| 10.105.522 | 10.105.522 | 10.105.522 | 10.105.522 | 10.105.522 | 10.105.522 222.321.494

500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 500.350 11.007.696

- - - - - - 3.899.747| 3.899.747 7.799.494
21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.650.119 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 21.400.426 | 4.000.682 | 4.250.375 | 489.063.430

4,4% 4,4% 4,4% 4,4% 4,4% 4.4% 4.4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4.4% 4,4% 4.4% 4,4% 4,4% 4,4% 4,4% 0,8% 0,9% 100,0%
52.554.165 | 73.954.591 | 95.355.017 |116.755.443(138.155.868|159.556.294 (180.956.720|202.357.146|223.757.571|245.157.997( 266.808.116 | 288.208.542  309.608.968| 331.009.393 (352.409.819| 373.810.245 (395.210.671| 416.611.096 | 438.011.522 ( 459.411.948 | 480.812.374 | 484.813.055|489.063.430| 489.063.430

1% 15% 19% 24% 28% 33% 37% MN% 46% 50% 55% 59% 63% 68% 72% 76% 81% 85% 90% 94% 98% 99% 100% 100%
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CAGECE - PMI DESSALINIZACAO FORTALEZA - 1m3/s

PLANILHA ESTIMATIVA - ANTEPROJETO

ITEM DESCRICAO DOS SERVICOS PRECO TOTAL (R$)

PMI DESSAL FORTALEZA 484.486.896,89

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
Fone: (85) 3101.1719Fax: (85) 3101.1860

15 ]/29 E Cagece — Companhia de Agua e Esgoto do Ceara 4



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceara

12. Pilot Plant

Although simulation programs for commercial reverse osmosis membyatems developed by

different suppliers enable the elaboration of reverse osmosigpnacts, they do not consider

possible interactions with organic contaminants and microorganismshe&ithembranes, and their

effect on the reverse osmaosis unit’s performance. Likewiseintportant to include the influence of
climatic changes on the quality of the water to be treated hwhia challenge to current computer
models available, as well as on the pretreatment and reverse osmosis systems.

It is important to emphasize that membrane manufacturersreledabe exempt of liabilities
regarding the use of simulations results obtained by their own simulation programs.

These conditions result in the need to perform preliminary testiagpilot unit, whose operation
shall enable the attainment of more trustworthy project parasnéberthe pretreatment and reverse
osmosis units alike. In addition, for a system as large as theimeatty proposed, it is important to
ensure availability of a pilot plant to allow evaluation of any ali@natto be done in the production
unit, especially regarding membrane chemical cleaning protocol®emtains in the chemicals to be
used. This strategy reduces the risk of damage to the production unit, with a consequeoi refduct
potential operational and financial problems.

For pretreatment cases, it is important to inspect the qualitgfinency of the system chosen to
obtain a water quality as required by membrane manufacturersma térsuspended matter and
SDI.

A good pretreatment system choice will guarantee membrane durdb¥igr,operational costs and,
therefore, a lower cost of water produced per cubic meter.

The pilot study for an optimal pre-treatment selection shall beedayut on water samples collected
in the same place and depth where the intake tower shall be built.

For the pretreatment system project, the pilot plant shall test:

v’ Different filter bed combination in first and second filtration stages;

v’ Different filtration speeds, setting the maximum speeds in each stage;

v' Determination of the optimal chemical dosages needed to improve tlity qtiaeawater to
be treated;

v Simulation of filter washing cycles.

For the pretreatment system project, turbidity, suspended solids ands&Dshall be carried out in
filtered water to determine which procedure will provide betetewquality for the treatment process
(membrane entry).

The following is a description of the pilot plant designed for the present project.

The Pilot Plant’s development costs are displayed within the amimehided for the execution of
the Basic and Executive Projects.
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12.1.Initial Considerations

Whenever possible, it is recommended to carry out testing ipiltteplants with seawater, bearing
the same characteristics as that used in the industrial size plant feedteBteshall allow:

v' To check the project in the process line: the results obtainecinPRaint reduce the risks in
the expected process line, avoiding costs due to an incorrect projeetjuoing them to
optimize project criteria.

For example: if a higher filtration speed is used, without prejudidétered water quality, the size
or number of filters to be installed could be reduced.

v' Determine chemical reactant dosages: knowledge of this stayelkivaloptimization of the
chemical dosing and storage systems;

v/ Calculate operating costs more accurately

v Investigate product water quality

12.2.Sand Filter Pilot Plant Objectives

With the purpose of optimizing the pre-treatment line projected fofFdinleza desalination plant,
the Consortium plans to carry out several tests with seawetiee iarea where the intake tower and
sampling shall be installed, at the same depth to be adopted for the project.

The tests allow:

v' Confirmation of the type of layer or layers to be used in the first and second filts&dios;

v" To determine the optimum height of the filter layers.

v" To establish the need for chemicals to improve the quality ofateaentering the Reverse
Osmosis membranes;

v To verify the filtration speeds to be used for the project;

v" To optimize filter washing cycles in terms of flow and time, in the differeshing phases.

12.2.1.Sand Filter Pilot Plant Description

The Pilot Plant consists of two independent filtration columns. Eadbmo includes its
complementary systems, which are:

v Air cleaning facility.
v' Water cleaning facility.
v' Coagulant and flocculant dosing system.

The Pilot Plant is designed to have the same layer and flowbdisbn parameters as the filtration
system provided for the Fortaleza Desalination Plant, complying kimbmatic and dynamic
similarity laws.

In this way, the Pilot Plant test results can be consideredseqegive of the projected filtration
system.

Having a Pilot Plant shall allow the engineering team to improve and confirm projatigpars
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Figure 12.1 - Complete outlook of two columns withcomplementary systems.

AF

12.3.Reverse Osmosis Process Verification Plant

The previous plant shall be complemented with a Pilot Plant thiabevilsed to verify the Reverse
Osmosis structural project, optimize operating parameters, winileltaneously ensuring that
product water quality complies with the regulations in force.

12.3.1.Proposal Description

The Pilot Plant includes a compact structure built with diffeisteel types and the following
elements:

12.3.1.1Feed and Cleaning Pump

The plant shall have a pump to drive the contents of the reselesiribed below. To feed the
osmosis membrane, it will use filtered water obtained through the previous pnetneat

The flow shall be 10 /&t at 6-bar pressure. The pump shall be constructed of stastdessesistant
to seawater and equipped with a 3KW motor.

12.3.1.2 Agitation and Mixing Tank
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The deposit shall house 500 liters, be made of opaque polyethylene (feExinaad have a lid. The
agitation will be carried out by recirculation with an open turbinepamd magnetic drag, a Pan
World NH200, with aspiration in its lower part and the impulsion in its upper part.

A 6KW electric resistance element to head the fluid shalidtalled in the deposit, at the bottom, so
that it can also be used as a membrane-cleaning tank.

It shall also have a level switch, to prevent the pump and/@taese from operating without fluid
in the tank.

12.3.1.3Low-pressure piping and valves

Low-pressure transport shall be made in PVC PN10. The control and shalte$ shall also be
made of PN10 PVC.

12.3.1.4 Flow meters

Two rotameters will be installed, one to measure permeate, veaie the other to measure brine
reject,

The rotameters will be Stiibbe or similar brand, made of PVGIDWith a measuring capacity from
1000 to 10,000 L/h.

12.3.1.5Microfiltration

The microfiltration system for the driven product shall be instdliech the mixing and agitation
tank. It will be composed of three parallel housings, of the big, 20" tyjple,big 20” Twinpure
cartridges and 5 microns pore size.

The housings shall be built in PP, and shall have a manual upper ventilation system.
12.3.1.6 High-pressure manifolds and valves

The high-pressure manifolds shall be made of AISI 904L stainless steel, as thellnagh-pressure
valves.

The high-pressure flexible connections between the pressure vesde aightpressure manifolds,
shall be Victaulic style77, in AISI 316 stainless steel.

12.3.1.7 Work Pressure Control

The plant shall have four pressure gauges, two low-pressure 0-10 tsaginchiwo other 0-100 bar
units, Wika brand, 23X.50 type with spring tubular execution in stainleskistéhe high-pressure
line.

12.3.1.8.Pressure Vessel

The pressure vessel shall be a Codeline brand, model 80S100-1, capabnohadating an 8”
osmosis membrane (the adapter membrane models shall stillfedjiedind for a maximum working
pressure of 1000 psi.

12.3.1.9Feed, protection and maneuvers panel

The plant shall have a panel with the necessary protection and maakments to start and stop
the impulsion pump and the electrical resistance element. The device's chimeufshall be mainly
Telemecanique and Merlin Gerin.
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A Wika brand thermostat shall be installed as protection to avoiegeéixgethe fluid’s temperature
limit, when it is heated with the resistance heating element.

There shall also be a level transmitter in the tank, to prevent it from operatingewipgy.

The operation control shall be carried out from the maneuver paneh Wasclight switches and
door selectors.

12.3.1.10High-pressure impeller pump

The plant shall have a high-pressure impeller pump powered from an external soue,afded
pump that aspirates from the tank.

The valve sets involved in pump installation will also be included in the plant.

The pump to be installed is the CAT piston pump with stainlessraga@folds, Teflon gaskets and
seals, aluminum oxide ceramic pistons, AISI 316 rods and valves. ArBASulsation damper and
anti-cavitation valve will be included.

The pump provides a flow of 10%h at a maximum pressure of 65 bar, with a 30 HP engine.
12.3.1.11.Regulation Valve at the Feed Pump Drive

A DN50, PN10 diaphragm valve shall be installed in the feed pump droemtool flow and working
pressure during cleaning. An additional pressure gauge will be instatfere the valve to check
current pump pressure.

12.3.1.12High Pressure Pump Bypass

A needle valve with bypass will be installed at the discharge pump outlet, to retuilme rate as
described in the flow diagram.

The valve and the bypass circuit will be made of 904L stainless steel.
12.3.1.13Permeate Back Pressure Valve

A stainless steel pressure gauge for a 10-bar pressure afd eaRe with a DN25 inclined seat
shall be installed in the permeate manifold for the control of back pressure.

12.3.1.14Fluid Temperature Control Thermometer

In the pressure vessel inlet manifold, a needle thermomét&evimcluded, inserted in the pipe, with
a measurement range between 0-50°C.

12.3.1.15Permeate Conductivity Sensor

An inductive conductivity sensor with a compact digital transmittéeiincluded in the permeated
water line.

12.3.2.Flow diagram
The flow diagram of a BLUE GOLD-built Pilot Plant is presented below.
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13. Draft Descriptions

DRAFT
NR. QTY |DESCRIPTION FILE
GENERAL LAYOUT
GENERAL LAYOUT_DESAL
01 01/01 | SEAWATER DESALINATION PROJECT GENERAL LAYOUT R04
INTAKE
PRAIA DO FUTURO Intake
02 01/02 | LAYOUT AND LONGITUDINAL PROFILE — INTAKE Main
PRAIA DO FUTURO Intake
03 02/02 | LAYOUT AND LONGITUDINAL PROFILE — INTAKE Main
04 01/01 | COLLECTION CHAMBER — PLANS, CUTS AND VIEWS USI-CCAPT-101-0
05 01/01 | STRUCTURAL — COLLECTION CHAMBER — PLANS USI-CCAPT-201-0
06 01/01 | STRUCTURAL — COLLECTION CHAMBER — SECTIONS USI-CCAPT-202-0
DESALINATION PLANT
07 01/01 | GENERAL IMPLEMENTATION PLAN USI-PLT-101-0
08 01/01 | PLATFORM — DEMOLITION PLAN USI-PLT-102-0
09 01/01 | GENERAL BULDING IMPLEMENTATION PLAN USI-PLT-201-0
10 01/01 | LANDSCAPING PLATFORMT— AXIS PLAN USI-PLT-301-0
11 01/02 | LANDSCAPING PLATFORMT— SECTIONAL PLAN USI-PLT-302-0
12 02/02 | LANDSCAPING PLATFORMT— SECTIONAL PLAN USI-PLT-303-0
13 01/01 | PLATFORM — DRAINAGE PLAN USI-PLT-401-0
14 01/01 | PLATFORM — PAVING PLAN USI-PLT-402-0
15 01/01 | FILTER SUPPORT STRUCTURES - SECTION PLANS USI-ESTAP-201-0
16 01/01 | CHEMICAL RESERVOIR SUPPORT STRUCTURE - PLANS AND SECTIONS USI-ESTAP-202-0
17 01/01 | FILTRATION MECHANICAL EQUIPMENT - PLANT FIL-601
18 01/01 | - FLOORDO USI-ADM-101-0
19 01/01 | PROCESS & ADMINISTRATIVE BUILDING PLAN - FLOOR 1 USI-ADM-102-0
20 01/01 | PROCESS & ADMINISTRATIVE BUILDING PLAN - ROOF PLANT USI-ADM-103-0
21 01/01 | PROCESS & ADMINISTRATIVE BUILDING PLAN — SECTION AND VIEWS USI-ADM-104-0
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DRAFT
NR. QTY |DESCRIPTION FILE
22 01/01 | PROCESS & ADMINISTRATIVE BUILDING PLAN — SECTION AND VIEWS 2 USI-ADM-105-0
23 01/01 | STRUCTURES - ADMINISTRATIVE BUILDING AND BRINE RESERVOIR - PLANS USI-ADM-201-0
24 01/01 | STRUCTURES - ADMINISTRATIVE BUILDING AND BRINE RESERVOIR — PLANS AND SECTIONS USI-ADM-202-0
25 01/01 | WATER AND SEWAGE NETWORK USI-ADM-301-0
26 01/01 | WATER NETWORK - FLOOR 0 AND FLOOR 1 USI-ADM-302-0
27 01/01 | SEWAGE NETWORK - FLOOR 0 AND FLOOR 1 USI-ADM-303-0
28 01/01 | ACV EQUIPMENT IMPLEMENTATION - FLOOR 0 PLAN USI-ADM-401-0
29 01/01 | ACV EQUIPMENT IMPLEMENTATION - FLOOR 1 PLAN USI-ADM-402-0
30 01/01 | ACV EQUIPMENT IMPLEMENTATION — ROOF PLANT USI-ADM-403-0
31 01/01 | GENERAL ELECTRIC INSTALLATIONS — FEED AND ENERGY SUPPLY - FLOOR 0 AND FLOOR 1 USI-ADM-501-0
GENERAL ELECTRIC INSTALLATIONS CABLE LAYOUT- TECHNICAL GUTTER AND FLOOR BOXES - FLOOR
32 01/01 |0 AND FLOOR 1 USI-ADM-502-0
33 01/01 | GENERAL ELECTRIC INSTALLATIONS - NORMAL LIGHTING - FLOOR 0 AND FLOOR 1 USI-ADM-503-0
34 01/01 | GENERAL ELECTRIC INSTALLATIONS- SAFETY AND EMERGENCY LIGHTING - FLOOR 0 AND FLOOR 1 USI-ADM-504-0
35 01/01 | GENERAL ELECTRIC INSTALLATIONS - GENERAL PURPOSE POWER OUTLETS - FLOOR 0 AND FLOOR 1 | USI-ADM-505-0
36 01/01 | GENERAL ELECTRIC INSTALLATIONS- GROUNDING SYSTEM - FLOOR 0 AND FLOOR 1 USI-ADM-506-0
37 01/01 | GENERAL ELECTRIC INSTALLATIONS— TELECOMMUNICATION INSTALLATIONS FLOOR 0 AND FLOOR 1 USI-ADM-507-0
GENERAL ELECTRIC INSTALLATIONS - AUTOMATIC FIRE DETECTION SYSTEM - SADI - FLOOR 0 AND
38 01/01 |[FLOOR 1 USI-ADM-508-0
GENERAL ELECTRIC INSTALLATIONS - AUTOMATIC INTRUSION AND THEFT DETECTION SYSTEM - SADIR
39 01/01 |- FLOOR 0 AND FLOOR 1 USI-ADM-509-0
40 01/01 | STRUCTURES - PROCESS BUILDING - PLANS AND SECTIONS USI-PRO-201
41 01/01 | RAINWATER NETWORKS - ROOF PLAN USI-PRO-301
42 01/01 | RAINWATER NETWORKS - FLOOR 0 USI-PRO-302
43 01/01 | GENERAL ELECTRIC INSTALLATIONS — POWER FEED AND DISTRIBUTION - FLOOR 0 (PROCESS) USI-PRO-501
44 01/01 | GENERAL ELECTRIC INSTALLATIONS — CABLING PATHWAY — FLOOR 0 (PROCESS) USI-PRO-502
45 01/01 | GENERAL ELECTRIC INSTALLATIONS — NORMAL LIGHTING — FLOOR 0 (PROCESS) USI-PRO-503
46 01/01 | GENERAL ELECTRIC INSTALLATIONS — SAFETY LIGHTING — FLOOR 0 (PROCESS) USI-PRO-504
47 01/01 | GENERAL ELECTRIC INSTALLATIONS — GENERAL PURPOSE POWER OUTLETS — FLOOR 0 USI-PRO-505
48 01/01 | GENERAL ELECTRIC INSTALLATIONS — GROUNDING SYSTEM — FLOOR 0 (PROCESS) USI-PRO-506
49 01/01 | REVERSE OSMOSIS - MECHANICAL EQUIPMENT — PLAN USI-PRO-601
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DRAFT
NR. QTY |DESCRIPTION FILE
REVERSE OSMOSIS - SECTIONS - HIGH PRESSURE SEAWATER INTAKE PIPING, MECHANICAL
50 01/01 | EQUIPMENT USI-PRO-602
51 01/01 | REVERSE OSMOSIS - SECTIONS — HIGH-PRESSURE BRINE REJECT — MECANICAL EQUIPMENT USI-PRO-603
52 01/01 | REVERSE OSMOSIS - SECTIONS — PERMEATE PIPING - MECHANICAL EQUIPMENT USI-PRO-604
53 01/01 | REVERSE OSMOSIS - SECTIONS - MECHANICAL EQUIPMENT USI-PRO-605
54 01/01 | MICROFILTERS - PLANS AND SECTIONS - MECHANICAL EQUIPMENT USI-PRO-606
55 01/01 | REVERSE OSMOSIS - SECTIONS - MECHANICAL EQUIPMENT 2 USI-PRO-607
MACROSYSTEM INTERCONNECTION
56 01/01 | FINAL PRODUCT WATER STORAGE AND PUMPING STATION — PLANS, CUTS AND VIEWS USI-DPF-101
57 01/01 | STRUCTURES — FINAL PRODUCT WATER STORAGE AND PUMPING STATION — PLANS USI-DPF-201
58 01/01 | STRUCTURES — FINAL PRODUCT WATER STORAGE AND PUMPING STATION — SECTION PLANS USI-DPF-202
59 01/01 | FINAL PRODUCT WATER STORAGE AND PUMPING STATION — RAINWATER NETWORKS USI-DPF-301
60 01/09 | SECTION 1 — LAYOUT AND LONGITUDINAL PROFILE ADT-01_09
61 02/09 | SECTIONS 1 AND 3 — LAYOUT AND LONGITUDINAL PROFILE ADT-02_09
62 03/09 | SECTION 3 — LAYOUT AND LONGITUDINAL PROFILE ADT-03_09
63 04/09 | SECTION 3 — LAYOUT AND LONGITUDINAL PROFILE ADT-04_09
64 05/09 | SECTION 3 — LAYOUT AND LONGITUDINAL PROFILE ADT-05_09
65 06/09 | SECTION 3 — LAYOUT AND LONGITUDINAL PROFILE ADT-06_09
66 07/09 | SECTION 3 — LAYOUT AND LONGITUDINAL PROFILE ADT-07_09
67 08/09 | SECTION 2 — LAYOUT AND LONGITUDINAL PROFILE ADT-08 09
68 09/09 | SECTION 2 — LAYOUT AND LONGITUDINAL PROFILE ADT-09 09
69 01/01 | AIR VENT VALVE DETAILS Air Vent Valve Details
70 01/01 | FLUSH VALVE DETAILS Flush Valve Details
FINAL OUTFALL
PRAIA DO FUTURO_Intake
71 01/02 | LAYOUT AND LONGITUDINAL PROFILE — MARINE OUTFALL Main
PRAIA DO FUTURO_Intake
72 02/02 | LAYOUT AND LONGITUDINAL PROFILE — MARINE OUTFALL Main
73 01/01 | INTAKE AND DISCHARGE PIPES CADESO03

SUBSTATION
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DRAFT

NR. QTY |DESCRIPTION FILE

74 01/01 | STRUCTURES — SUBSTATION — GENERAL PLAN USI-SUBS-101-0
75 01/01 | STRUCTURES — NUCLEUS MT — SECTION PLANS USI-SUBS-102
76 01/01 | STRUCTURES — TRANSFORMER NUCLEUS — PLANS AND SECTIONS USI-SUBS-103
77 01/01 | TYPES OF METAL STRUCTURES USI-SUBS-104

The aforementioned drafts can be found at Attachmétroject Portfolio, that complements this study.
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14. ATTACHMENT
14.1.Plant Blocks and Flows Diagram

HIPOCLORITO DE SODIO HIPOCLORITO DE SODIO CARVAQATIVO METABISSULFITO DE SODIO

) ) : CLORETO FERROSO

ACIDO SULFURICO ACIDO SULFURICO _ GLORETOFERROSO _
HIPOCLORITO DE SODIO __ANTIINCRUSTANTE
ACIDO SULFURICO

@ @ BOMBAS DE AGUA @ PRIMEIRA ETAPA @ SEGUNDA ETAPA @
 EE— |
METABISSULFITO DE SODIO TERBERESHFAGAQ FORRTIECAFTES DO MAR DE FILTRAGEM DE FILTRAGEM FILTROS DE CARTUCHOS

ANTI-INCRUSTANTE @ ‘

-«

.e ( ) ( ) . < ) .@ ARMAZENAMENTO E
\ . | BOMBABOOSTER DA BOMBA % ’ QUADRO DE ‘
| : BOMBA DE ALTA PRESSAO - = POS-TRATAMENTO - BOMBEAMENTO -
DE ALTA PRESSAO A >‘ ‘ OSMOSE REVERSA ‘ DE AGUA PRODUTO

REAGENTES LIMP. QUIM. A

¢ BOMBAS DE LAVAGEM

@ DE FILTROS
! 1) ~
. SISTEMA DE TROCA
le BOMBA DE RECIRCULAGAO @ D METABISSULFITO DE
TANQUE DE LIMPEZA BOMBAS DE LIMPEZA
QuiMICA QUIMICA/DESLOCAMENTO FILTRO DE CARTUCHOS
Y Y DEPOSITO DE
SALMOURA = AOMAR

DEPOSITO AGUA )
PERMEADA

Source: GS Inima
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14.2.Process Mass Balance

HIPOCLORITO DE HIPOCLORITO DE CARVAO ATIVO METABISSULFITO DE
SODIO S6DIO S6DIG
CLORETO FERROSO

ACIDO SULFURICO ACIDO SULFURICO ANTI-INCRUSTANTE

HIPOCLORITO DE SODIO

ACIDO SULFURICO

TORRE DE CAPTAGAO ‘
METABISSULFITO DE SODIO ‘

ANTI-INCRUSTANTE

L BOMBAS DE AGUA |
POCO DE CAPTAGAO e | DO MAR s DE FILTRAGEM DE FILTRAGEM

PRIMEIRA ETAPA 1 | SEGUNDA ETAPA - = FILTROS DE CARTUCHOS

BOMBA BOOSTER DA @ @ ‘ QUADRO DE OSMOSE @ ARMAZENAMENTO E
- ™ BOMBA DE ALTA PRESSAO } ™ BOMBADEALTA PRESSAO ' '} REVERSA - POS-TRATAMENTO - nggﬁ%%g[ﬁ-gE
REAGENTES LIMP. QUIM. A
- BOMBAS DE LAVAGEM
: . v @ DE FILTROS
‘ @ 3 | . © |
@ SISTEMA DE TROCA METABISSULFITO DE
I

vﬁ BOMBA DE RECIRCULAGAO DE PRESSAO
TANQUE DE LIMPEZA 7 BOMBAS DE LIMPEZA FILTROS DE CARTUCHOS Y L L J

QUIMICA [} QUIMICA/DESLOCAMENTO

Y DEPOSITO DE T —
SALMOURA AOMER

DEPOSITO AGUA o) @
PERMEADA

PONTO 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
Agua d Agua do mar Aqua d Peslocamentq ;- . Agua do M Agua d Agua do mar Agua d Agua do Mar | Salmoura a Agua Aqua Agua
DESCRIGAO | MovaomarAsussomar| Aumeymar oy o™ | Agus oo™ apss™ ™ Ao il s o Mor g g mor A92.40191 13 i ' | Aqua domar | A9U5 0, o ar] SOTNE2 | Samour | parmad | pohfey [prodiopar| A
captada para BAM Segunda lavagem para SIP bomba de para BAP saida SIP a partir de . deposito producto
de BAM etapa de cartuchos filtros reversa BAP de SIP recirculagao de BAP ol Quadros Ol Quadros Ol para servigos produto
Fluxo nominal, uma linha de Ol m3/h 2,006.0 2,006.0 2,006.0 2,006.0 2,006.0 0.0 2,006.0 915.4 1,090.6 1,090.6 1,090.6 1,061.3 915.4 2,006.0 1,103.3 1,103.3 902.7 27 225.0 225.0
Fluxo maximo, uma linha de Ol m3/h 3,152.3 3,152.3 3,152.3 3,152.3 2,006.0 1,146.3 2,006.0 915.4 1,090.6 1,090.6 1,090.6 1,061.3 9154 2,006.0 1,103.3 1,103.3 902.7 27 225.0 225.0
Fluxo nominal, todas as linhas Ol m3/h 8,024.0 8,024.0 8,024.0 8,024.0 8,024.0 0.0 8,024.0 3,661.6 4,362.4 4,362.4 4,362.4 8,490.8 3,661.6 8,024.0 4,413.2 4,413.2 3,610.8 10.8 900.0 900.0
Fluxo maximo, todas as linhas Ol m3/h 9,170.3 9,170.3 9,170.3 9,170.3 8,024.0 1,146.3 8,024.0 3,661.6 4,362.4 4,362.4 4,362.4 8,490.8 3,661.6 8,024.0 44132 4,413.2 3,610.8 10.8 900.0 900.0
Pressao barg 0.1 0.1 71 4.5 4.0 0.1 33 25 23 64.9 64.4 10.9 64.6 63.0 58.9 1.5 1.3 13 0.3 4.2
TDS (Total de Sais Dissolvidos) = | mg/L 39,052.0 39,052.0 39,052.0 39,055.8 39,055.8 39,055.8 39,055.8 39,055.8 39,055.8 41,073.4 41,073.4 39,055.8 39,055.8 40,152.7 72,681.7 70,687.3 391.7 391.7 474.0 474.0
Source: GS Inima
~
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14.3.Process Calculation Memory

Planta de Fortaleza

CALCULOS DE DESENHO DA PLANTA DESSALINIZADCRA
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Planta de Fortaleza

DADOS DO DESENHO

Producéo final da planta

Fator de conversio da planta

Horas de funcionamento didrias
Dias de funcionamento ao ano

Tipo de agua bruta a tratar
Temperatura maxima da agua bruta
Temperatura minima da agua bruta
Curso da maré

Cota da instalacdo

Cota maxima de bombeamento do produto
Cota de referéncia zero

Linha de pré tratamento quimico

Linha de pds tratamento do produto

QUALIDADE FINAL DO PRODUTO
TDS (max.)

Alcalinidade como CO3Ca
Dureza como CO3Ca

pH

LSI

Cloretos

86.400 m3/d

45,0%
24 horas
350 dias
Do Mar
30 °C
22 °oC
3,625 m
5m
40,5 m
Nivel médio do mar
Acido Sulfurico
Hipoclorito De Sodio
Metabisulfito Sodico
Cloreto Ferrico
Dispersante

Hidroxido De Sodico
Dispersante

Anhidrido Carbonico
Hidroxido De Calcio
Fluorosilicato De Sodio
Hipoclorito De Sodio

474 mg/L
50,5 mg/L
65,1 mg/L
8,6
0,1
227 mg/L

Source: GS Inima
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Planta de Fortaleza

1.- CAPTACAO DE AGUA DO MAR

20f83
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1.1.- TORRE DE CAPTACAO DE AGUA DO MAR

Produg¢do nominal do desenho
Vazdo total de agua do mar para o desenho
Numero de torres a instalar:

Velocidade maxima nas janelas da torre

Area minima janelas de entrada da torre

Numero de janelas de entrada

Altura das janelas de entrada

Largura das janelas de entrada

Velocidade maxima no interior da torre

Diametro interior da torre

Altura do funde marinho na borda inferior da janelas
Altra do fundo torre a geratriz inferior da tubulagéc
Diametro da tampa da torre

Altura periférica exterior da captacéc

Velocidade periférica exterior da captagdo

Altura total da torre

Batimetria do fundo marinho:

86.400 m3/d
9.170 m3/h
1 Uds.

0,3 m/seg.

8,49 m2
8 Uds.
990 mm.
1.072 mm.

0,2 m/seg.

4,1 m.

4 m.

0,8 m.

7,5 m.
1.485 mm.

0,08 m/seg.

5,49 m.
14,00 m.

1.- CAPTACAO DE AGUA DO MAR

14,00

7.500

A

5.490

o

4.000

il

4.100

Source: GS Inima
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MAIN PIPELINE SIZING

1.2 Maximum discharge flow

2.1 Intake flow

2.2 Intake type

2.3 Number of pipes
2.4 Length

2.5 Material

2.6 Diameter Nominal
2.7 External diameter
2.8 Thickness

2.9 Internal diameter
2.10 Velocity

3.1 Head Loss Throughout the Piping System

1.80
1,797.22
6,470.00

1,800.00
6,480.00
Open
1.00
1,760.00
PEAD
1,200.00
1,200.00
67.90
1,064.20
2.02

m3/s
I/s
m3/h

mm
mm
mm
mm

Temperature 30.00 °C

v (Kinematic Viscosity) 1.40E-06 m?/s

e (Roughness Coefficient) 0.0015 mm*

* Piping subject to corrosion and incrustation (Azevedo Netto)

g (Gravity) 9.81 m/s?

Reynolds number (Re) 1.54E+06

Friction factor 0.010875745

Distributed head loss 0.0021265 m/m

Head loss by length (J) 374 m

3.2 Local Head Loss

Part Quant. K Total K

90 curve 2.00 0.40 0.80

45 curve 1.00 0.20 0.20

Normal piping entrance 1.00 0.50 0.50

Piping exit 1.00 1.00 1.00

Open port 0.00 1.00 0.00
2.50

33

Local head loss

Total head losses

Minimum Water Level Rate in the Collection Chamber
Pipeline head losses

Load Chamber Height

Outlet rate

Geometric height

Outlet Pressure

0.52

4.26

4.26

-12.17
17.17
12.91

3

I3
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Planta de Fortaleza

-1.200
2? Etapa de filtragdo Dv

Filtros de cartucho

12 Etapa de filtragao

5 1,89600
ivel max

Fortaleza

SISTEMA DE BOMBEAMENTO AQ PROCESSO DESDE A CAPTACAO

CALCULQOS HIDRAULICOS

Source: GS Inima
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Planta de Fortaleza

PROPRIEDADES FISICO-QUIMICO

[TIPO DE AGUA
ITEMPERATURA
S0LIDOS TOTAIS DISSOLVIDOS
CONDUTIBILIDADE A 252C
DENSIDADE

ISCOSIDADE CINEMATICA

ISCCSIDADE DINAMICA
PRESSAC DO VAPOR
PONTG DE EBULIGAC
ICALOR ESPECIFICO
CONDUTIBILIDADE TERMICA
ENTALPIA

INDICE DE LANGELIER:

INDICE DE STIFF & DAVIS:

INDICE DE SAL

MAXIMO OXIGENIO DISSOLVIDG
MAXIMO NITROGENIO DISSOLVIDO
CC2 DISSOLVIDO

FORCA IONICA DA AGUA

PRESSAC OSMATICA DA AGUA

DO MAR
27 2C
39.052 mg/L
58.847 microS/cm.
1,025 Kg/l
0,009 stokes

0,926 cp.

0,035 bars
0,374 2C

0,951 Kcal/KgxeC
581,7 mW/mxeC
25,56 Kcal/Kg

0,85 incrustante
0,08
65,85
6,1 mg/L
8,4 mg/L
1,23 mg/L
0,77352
32,92 bars

FOLHA DE ANALISE
ICLIENTE CONTRATO
LABORATORIO REFERENCIA
TIPO DE AGUA DO MAR DATA November-17
LUGAR DE AMOSTRAGEM Costa de Fortaleza
ANALISE FISICO-QUIMICO
[TURBIDEZ 1 U.N.F. PH 7,90
ICOR il Pt-Co CONDUTIBILIDAD 58.846,93 pmhosfem.
IODOR 0 TON T.D.S. 39.051,86 mg/L
JASPECTO ALCALINIDADE 133,85 ppm CO3Ca
[TEMPERATURA 27 oC DUREZAE 6.403,60 ppm CO3Ca
COMPOSICI\O IONICA
ELEMENTO mg/L meq/L ELEMENTO mg/L meg/L
Ca++ 504,55 25,18[504= 4.159,73 26,61
Mg++ 1.249,42 102,78)Cl- 20.425,10 576,12
Na-+ 12.110,61 526,75|CO3H- 142,78 2,34
K+ 420,00 10,74]F- 0,30 0,02]
Ba++ 0,02 0,00[Br- 0,00 0,00
Sr++ 5,10 0,12]1- 0,00 0,00)
Fe++ 0,00 0,00INO2- 0,00 0,00
NHA+ 0,30 0,02|NO3- 10,70 0,17
As+ 0,00 0,00fco3= 10,04 0,33
Mn++ 0,00 0,00]P04= 0,00 0,00
Zn++ 0,00 0,00]5= 0,00 0,00
Cu++ 0,00 0,00§5i02 (coloidal) 0,20 0,00
[Al+++ 0,00 0,00{5i02 (soluble) 8,20 0,14
Fet+++ 0,00 0,00§C02 1,23 0,03]
H+ 0,00]0H- 0,00
TOTAL 14.290,00 665,59 TOTAL 24.756,85 665,59
OUTRAS DETERMINACGES
SUBSTANCIAS TOXICAS mg/L Matéria orgnica e outros mg/L
IArsénio 0,00]DBO5 2,00
Cadmo 0,00[pao 5,00
Bario 5,00[Nitrogéno proteico 0,00]
Mercurio 0,00jCompostos fendlicose 0,00
IChumbo 0,00]Detergentes 0,00]
Selénio 0,00}0lecs e graxas 0,00
Cromo total 0,00]Hidrocarbonetos 0,00]
ICromo 0,001Sdlidas em suspensdo 10,00
Observagdes

Estas analises da agua do mar pude diferir ligeramente do entregue, devido ao
equilibrio desde o ponto de vista quimico

DATA

REALIZADO POR

ASSINATURA

Source: GS Inima

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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Planta de Fortaleza

2.- PRE TRATAMENTO DA AGUA DO MAR

2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

CALCULO DAS DOSAGENS

2.1.1.- DOSAGEM DE ACIDO SULFURICO

SO4H2 + 2CO3H - —— 804= + 2C02 + 2H20
98 122 96 88 36
7.03 Y3 Y1 Y5
Y1= 6,89 mg/L
Y3= 8,75 mg/L
Y5= 6,31 mg/L
COMPOSICAQ IONICA ATRAVES DA DOSAGEM
o3 = 4,09 mg/L
e = 504,55 mg/L 5047 = 4.166,62 mg/L
Mg = 1.249,42 mg/L cl' = 20.425,10 mg/L
Na'= 12.110,61 mg/L CO3H = 146,16 mg/L
K= 420,00 mg/L PO4 "~ = 0,00 mg/L
Fe"'= 0,00 mg/L COo2= 3,15 mg/L
pH{inicial)= 7,90 pH(final)= 7,50

Source: GS Inima

17129¢

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

CALCULO DAS DOSAGENS

2.1.2.- DOSAGEM DE HIPLOCLORITO SODICO (FORA LINHA)

CIONa + H20 --——- CIOH + NaCH
74,4 18 52,5 40
103,33 Y2 X3

A quantidade do produto a dosar dependera a quantidade de
materia organica a eleminar, portanto ¢ um dado que devera ser ajustado
na operacdo. Ndo obstante a experiencia nos diz que uma dose
do produto de 10 mg/L como cloro livre, é suficiente em geral

Y2= 0,00 mg/L

X3(Na+) = 0,00 mg/L

Planta de Fortaleza

COMPOSICAO IONICA ATRAVES DA DOSAGEM

o3 = 4,09 mg/L

Ca't = 504,55 mg/L 5047 = 4,166,62 mg/L

Mg'" = 1.249,42 mg/L clr = 20.425,10 mg/L

Na*= 12.110,61 mg/L CO3H = 146,16 mg/L

K= 420,00 mg/L PO4 " = 0,00 mg/L

Fe'**= 0,00 mg/L coz2= 3,15 mg/L
pH(inicial)= 7,50 pH(final)= 7,50

2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

CALCULO DAS DOSAGENS

2.1.3.- DOSAGEM METABISULFITO DE SODIO (FORA DE LINHA)

5205Na2 + 2CIOH + 6CO3H - -—— 2504= + 2NaOH + 2Cl - + 6CO2 + 3H20
190 1056 366 192 30 7 264 54
A Y3 Y1 X3 Y2 Y5

Por seguranca suponharemos que queixam 1 ppm de cloro residual

A= 0 mg/L
¥1= 0,00 mg/L
Y2 = 0,00 mg/L
X3(Na+) = 0,00 mg/L ¥3= 0,00 mg/L
Y5 = 0,00 mg/L

COMPOSICAQ IONICA ATRAVES DA DOSAGEM

€03 = 4,09 mg/L

Ca = 504,55 mg/L 5047 = 4,166,62 mg/L

Mg = 1.249,42 mg/L cl = 20.425,10 mg/L

Na'= 12.110,61 mg/L CO3H = 146,16 mg/L

K= 420,00 mg/L P04~ = 0,00 mg/L

Fe™ = 0,00 mg/L coz= 3,15 mg/L
pH(inicial)= 7,50 pHifinal)= 7,50

Source: GS Inima

17229~

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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Planta de Fortaleza Planta de Fortaleza

2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR 2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

CALCULO DAS DOSAGENS CALCULO DAS DOSAGENS

2.1.4.- DOSAGEM CLORETO FERRICO 2.1.5.- DOSAGEM DE DISPERSANTE

Cl3Fe + 3(CO3H} -——m— Fe(OH)3 + 3CO2 + 3Cl- Ver nas folhas anexas o comportamento do dispersante
162,4 183 106,92 132 1065 para uma dose de dispersante Permatrit-191, em mg/L., de:
5,00 Y3 X5(precipita) Y5 ¥2 1,00

A quantidade do produto a dosar dependera a quantidade de
sélidos em suspesdo e coloides a eliminar, devendo ser ajustado
na operacdo. Ndo obstante a experiencia nos diz que uma dose
do produto de 5 mg/L é suficiente na maioria dos casos

Y2= 3,28 mg/L
¥3= 5,64 mg/L
X5 = 3,29 me/L Y5 = 4,07 me/L

COMPOSICAQ IONICA ATRAVES DA DOSAGEM COMPOSICAO IONICA ATRAVES DA DOSAGEM

o3 = 2,17 mg/L €03 = 2,17 mg/L

Cat= 504,55 mg/L 5047 = 4.166,62 mg/L €a "= 504,55 mg/L 5047 = 4.166,62 mg/L

Mg = 1.249,42 mg/L cl= 20.428,38 mg/L Mg™ = 1.249,42 mg/L Cl'= 20.428,38 mg/L

Na*= 12.110,61 mg/L CO3H = 144,43 mg/L Na*= 12.110,61 mg/L CO3H = 144,43 mg/L

K= 420,00 mg/L P04~ = 0,00 mg/L K" 420,00 mg/L P04~ = 0,00 mg/L

Fe*** 0,00 mg/L coz2= 5,81 mg/L Fe™" 0,00 mg/L co2= 5,81 mg/L
pH(inicial)= 7,50 pH(final)= 7,23 pHiinicial)= 7,23 pHifinal)= 7,23

Source: GS Inima

175/295 Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido

CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

2.1.1.- DOSAGEM DE ACIDO SULFURICO

Vazdo de agua do mar a tratar m3/h 9.027
Dose do produto puro mg/L 7,03
Riqueza de produto comercial o 96,00
Densidade do produto Ke/l 1,84
Quantidade do produto a dosar gr/h 63.483,6
Quantidade do produto comercial keg/h 66,1
Vazdo do produto a dosar I/h 36
Numero de bombas dosadoras em operacdo Uds. 2
Numero de bombas dosadoras em reserva Uds. 1
Vazdo da dosagem por bomba Ith 18
Vazdo nominal da bomba dosadora I/h 40
Pressédo de descarga bars 8
Poténcia do motor K 0,37
Tempo de reserva do produto armazenado dias 30
Numero de tangues de armazenamento Uds. 2
Volume de cada tanque de armazenamento m3 12
Tempo real de reserva no armazenamento dias 28,6
Consumo anual de produto por este conceito Ton 555,5

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

174/295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

2.1.2.- DOSAGEM DE HIPLOCLORITO SODICO (FORA LINHA)

Vazdo de agua do mar a tratar m3/h 8.024
Dose do produto puro mg/L 10,00
Rigueza de produto comercial gr/l 120,00
Densidade do produto Kg/l 1,24
Quantidade do produto a dosar gr/h 80.240,0
Quantidade do produto comercial I/h 668,7
Vazdo do produto a dosar I/h 669
Numero de bombas dosadoras em operacdo Uds. 2
Numero de bombas dosadoras em reserva Uds. 1
Vazdo da dosagem por bomba I/h 334
Vazdo nominal da bomba dosadora I/h 500
Pressédo de descarga bars 8
Poténcia do motor Kw 0,37
Haoras ao ano de desinfeccio da planta: horas 31
Numero de tanques de armazenamento Uds. 2
Volume de cada tanque de armazenamento m3 12
Tempo real de reserva no armazenamento dias 47,5
Consumo anual de produto por este conceito Ton 26,1

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

175/295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

2.1.3.- DOSAGEM METABISULFITO DE SODIO (FORA DE LINHA)

Vazdo de agua do mar a tratar m3/h 8.024
Dose do produto puro mg/L 1,81
Riqueza de produto comercial % 61,00
Dilui¢do do produto % 10
Quantidade do produto a dosar gr/h 14.519,6
Quantidade do produto comercial kg/h 23,8
Vazdo do produto a dosar I/h 238
Numero de bombas dosadoras em operacdo Uds. 2
Numero de bombas dosadoras em reserva Uds. 1
Vazdo da dosagem por bomba I/h 119
Vazdo nominal da bomba dosadora I/h 150
Pressédo de descarga bars 8
Poténcia do motor Kw 0,37
Tempo minimo da dissolugdo disponivel horas 8
Numero de tanques de dissolucdo Uds. 2
Volume de cada tanque litros 1000
Tempo real de dissolugdo disponivel horas 8,4
Horas ac ano de desinfeccio da planta: horas 31
Quantidade de produto a armazenar Ton 0,1
Consumo anual de produto por este conceito Ton 0,7

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

176295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

2.1.4.- DOSAGEM CLORETO FERRICO

Vazdo de agua do mar a tratar m3/h 9.027
Dose do produto puro mg/L 5,00
Riqueza de produto comercial o 40
Densidade do produto Ke/l 1,417
Quantidade do produto a dosar gr/h 45.135,0
Quantidade do produto comercial keg/h 112,8
Vazdo do produto a dosar I/h 80
Numero de bombas dosadoras em operacdo Uds. 2
Numero de bombas dosadoras em reserva Uds. 1
Vazdo da dosagem por bomba Ith 40
Vazdo nominal da bomba dosadora I/h 60
Pressdo de descarga bars 8
Poténcia do motor Kw 0,37
Tempo de reserva do produto armazenado dias a0
Numero de tanques de armazenamento Uds. 2
Volume de cada tanque de armazenamento m3 30
Tempo real de reserva no armazenamento dias 32,3
Consumo anual de produto por este conceito Ton 947,8

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

17 //295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

2.1.5.- DOSAGEM DE DISPERSANTE

Vazdo de agua do mar a tratar m3/h 8.024
Dose do produto puro mg/L 1,00
Riqueza de produto comercial % 95
Diluicdo do produto % 100
Quantidade do produto a dosar gr/h 8.024,0
Quantidade do produto comercial kg/h 8,4
Vazdo do produto a dosar I/h 3
Numero de bombas dosadoras em operacgio Uds. 2
Numero de bombas dosadoras em reserva Uds. 1
Vazdo da dosagem por bomba I/h 4
Vazdo nominal da bomba dosadora I/h 10
Pressdo de descarga bars 8
Poténcia do motor Kw 0,37
Tempo minima da dissolugdo disponivel horas 24
Numero de tanques de dissolugdo Uds. 2
Volume de cada tanque litros 500
Tempo real de dissolugéo disponivel horas 118,4
Tempo de reserva do produto armazenado dias 30
Quantidade de produto a armazenar Ton 5,9
Consumo anual de produto por este conceito Ton 70,9

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

17&/295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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Planta de Fortaleza

2.1.6.- BOMBAS DE TRANSFERENCIA

2.1.- PRE TRATAMENTO QUIMICO DA AGUA DO MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

ACID0 SULFURICO

HIPOCLORITO SODICO

CLORURO FERRICO

Volume da cisterna do caminhdo m3 30 45 30
Tempo de transferéncia: minutos 30 30 30
Vazdo de transferéncia: m3/h 60 a0 60
Pressdo de transferéncia: bars 1,5 1,5 1,5
Numero de bombas de transferéncia: Uds. 1 1 1
Poténcia do motor Kw & 9 6

Source: GS Inima

17529t

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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Planta de Fortaleza

2.1- PRETRATAMIENTO QUIMICO DEL AGUA DE MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

PRODUTOS QUIMICOS

ACIDO SULFURICO 2x%x12m3
HIPOCLORITO SODICO #N/A
CLORURO FERRICO #N/A

Fortaleza

QUIPAMENTOS DE DOSAGEM {LIQUIDO)

Planta de Fortaleza

Source: GS Inima

18029¢

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 «
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2.1- PRETRATAMIENTO QUIMICO DEL AGUA DE MAR

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

PRODUTOS QUIMICOS

DISPERSANTE 2x500L

METABISULFITO SODICO 2 x 1000 L
] HIDROXIDO CALCICO
Gt FLUOROSILICATO DESODIO 2 x 1000L

>
Fortaleza
QUIPAMENTOS DE DOSAGEM (S()LIDO]
Planta de Fortaleza

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

18 ]/295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (



g Companhia
X\ a e‘ e de Agua e Esgoto
do Ceard

Planta de Fortaleza

Planta de Fortaleza

| ANALISE DA AGUA DO MAR DEPOIS DO PRE TRATAMENTO
I Analise da agua do mar em impulsdo de bombas de alta pressdo I
ANALISE FISICO-QUIMICO =
[TURBIDEZ 0,0 U.N.F. IeH 7,23 ANALISE FISICO-QUIMICO
COR 0,0 Pt-Co CONDUTIBILIDADY 58.847,42 |  umhos/em. TURBIDEZ 0,0 U.NF. PH 7,23
ODOR 0,0 TON T.D.S. 39.055,81 ma/L ICOR 0,0 Pt-Co CONDUTIBILIDAD 58.847,42 | pmhosfem.
ASPECTO ALCALINIDADE 122,08 | ppm CO3Ca ODOR 0,0 TON T.D.S. 39.055,81 mg/L
[TEMPERATURA 27 °C IDUREZAE 6.403,60 | ppm CO3Ca ASPECTO ALCALINIDADE 122,08 | ppm CO3Ca
COMPOSI(_;AO IONICA [TEMPERATURA 27 °C PUREZAE £.403,60 ppm CO3Ca
ELEMENTO mg/L meq/| ELEMENTO mg/L meq/| COMPOSICAO IONICA
Ca++ 504,55 25,18 Js04= 4.166,62 86,75 ELEMENTO mg/L meg/I ELEMENTO mg/L meq/I
[Mg++ 1.249,42 102,78 [cI- 20.428,38 576,21 Ca++ 504,55 25,18 |s04= 4.166,62 86,75
fna+ 12.110,61 526,75 |CO3H- 144,43 2,37 [IMg++ 1.249,42 102,78 fcI- 20.428,38 576,21
||K+ 420,00 10,74 [F- 0,30 0,02 IINa+ 12.110,61 526,75 JCO3H- 144,43 2,37
[Ba++ 0,02 0,00 |Bt- 0,00 0,00 Itk + 420,00 10,74 |F- 0,30 0,02
[lsr++ 5,10 0,12 |- 0,00 0,00 [Ba++ 0,02 0,00 jBr- 0,00 0,00
[IFe++ 0,00 0,00 [NO2- 0,00 0,00 llsr++ 5,10 0,12 |- 0,00 0,00
[Nrar 0,30 0,02 |NO3- 10,70 0,17 [fFe+ 0,00 0,00 [NO2- 0,00 0,00
llag+ 0,00 0,00 Jco3= 2,17 0,07 [INHa+ 0,30 0,02 |nO3- 10,70 0,17
[n 0,00 0,00 [PO4= 0,00 0,00 flag+ 0,00 0,00 Jco3= 2,17 0,07
llzn++ 0,00 0,00 [s= 0,00 0,00 fiMn++ 0,00 0,00 JPo4= 0,00 0,00
fica— 0,00 0,00 |S102 (coloidal) 0,04 0,00 ffzn++ 0,00 0,00 Js= 0,00 0,00
7+ 0,00 0,00 [Si02 (soluble) 8,20 0,14 flcu++ 0,00 0,00 Si02 (coloidal) 0,04 0,00
[Fe+++ 0,00 0,00 |co2 5,81 0,13 [far+++ 0,00 0,00 J5i02 (soluble) 8,20 0,14
Im+ 0,00 JoH- 0,00 [IFe+++ 0,00 0,00 Jcoz 5,81 0,13
| TOTAL 14.290,00 665,59 TOTAL 24.760,80 665,59 fiH+ 0,00 JOH- 0,00
| TOTAL 14.290,00 665,59 TOTAL 24.760,80 665,59
OUTRAS DETERMINACﬁES =
SUBSTANCIAS TOXICAS mg/L | Matéria organica e outros mg/L OUTRAS DETERMINACOES
Arsénio 0,00§DBOS 0,04 SUBSTANCIAS TOXICAS mg/L Matéria orgénica e outros mg/L
cadmo 0,00lDQ0 0,10 Arsénio 0,00 JDBOS 0,04
IBario 5,00fNitrogéno prateico 0,00 Cadmo 0,00 |DQO 0,10
[IMercurio 0,00]Compastos fendlicose 0,00 IIBario 5,00 Nitrogéno proteico 0,00
[lchumbe 0,000Detergentes 0,00 [IMercurio 0,00 [Compostos fendlicose 0,00
lIselénic 0,00fCleos e graxas 0,00 lichumbo 0,00 |Detergentes 0,00
[lcromo total 0,00JHidrocarbonetos 0,00 llselénic 0,00 JOleos e graxas 0,00
licromo 0,00]sélidos em suspensio 0,20 licromo total 0,00 JHidrocarbonetos 0,00
licroma 0,00 JSélidos em suspensdo 0,20

Source: GS Inima

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

~
18&/295 Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (
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| ANALISE DA AGUA BRUTA PARA DISENHO DAS MEMBRANAS |
ANALISE FISICO-QUIMICO
TURBIDEZ 0,0 U.N.F. IeH | 7,22
COR 0,0 Pt-Co CONDUTIBILIDADY 60.269,17 | umhas/em.
ODOR 0,0 TON T.D.S. 40.152,66 mg/L
ASPECTO ALCALINIDADE 125,51 | ppm CO3Ca
[TEMPERATURA 27 oC IDUREZAE 6.583,44 | ppm CO3Ca
COMPOSI(_;KO IONICA

ELEMENTO mg/L meq/| ELEMENTO mg/L meq/|
Ca++ 518,72 25,88 fs04= 4.283,64 89,19
Mg+ 1.284,51 105,67 JcI- 21.002,11 592,39
[INa+ 12.450,74 541,55 JCO3H- 148,43 2,43
i+ 431,80 11,04 |F- 0,31 0,02
[Ba++ 0,02 0,00 [Br- 0,00 0,00
llsr++ 5,24 0,12 |- 0,00 0,00
[IFe++ 0,00 0,00 [NO2- 0,00 0,00
[InH4+ 0,31 0,02 [nO3- 11,00 0,18
llag+ 0,00 0,00 Jcoa= 2,26 0,08
[Mn++ 0,00 0,00 fpo4= 0,00 0,00
[lzn++ 0,00 0,00 [s= 0,00 0,00
llcu++ 0,00 0,00 JsiO2 (coloidal} 0,04 0,00
flal+++ 0,00 0,00 §siO2 (soluble) 8,43 0,14
lFe+++ 0,00 0,00 jcoz 5,99 0,14
IIH+ 0,00 JOB- 0,00
| TOTAL 14.691,34 684,28 TOTAL 25.456,18 684,28

OUTRAS DETERMINACﬁES
SUBSTANCIAS TOXICAS mg/L | Matéria organica e outros mg/L
Arsénio 0,00 [pBOS 0,04
Cadmo 0,00 |DQO 0,10
[Bario 5,14 |Nitrogéno prateica 0,00
[IMercurio 0,00 fcompastos fendlicose 0,00
llchumbo 0,00 Detergentes 0,00
[lselénio 0,00 [Oleos e graxas 0,00
[lcromo total 0,00 [Hidrocarbonetos 0,00
llcromo 0,00 |sélidos em suspensio 0,21
Source: GS Inima
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2.2.- PRE TRATAMENTO FISICO DA AGUA DO MAR

2.2.1.- PRIMEIRA ETAPA DA FILTRAGAQ

DESENHO DA FILTRAGAO

Vazao de agua do mar a filtrar para o processo m3/h 8.024,0
Vazao de agua para deslocamento de filtros de 22 etapa m3/h 1.146,3
Tipo de filtros De pressdo
Posicao dos filtros Horizontal
Velocidade nominal de filtragdo m/h 6,5
Superficie util de filtracao de cada filtro m2 88,43
Numero de filtros: Uds. 16
Diametro interno do filtro m 4
Comprimento cilindrico do filtro m 22
Tipo de fundos: HREE Korbbogen DIN 28013
Pressao de desenho do filtro bars 45
Velocidade de filtracdo em operagdo m/h 57
Numero de filtros na lavagem simultanea Uds. 1,0
Velocidade de filtragdo enquanto lava m/h 6,0
Perda de carga minima nos filtros m.c.a. 0,85
Perda de carga maxima nos filtros m.c.a. 10
Numero de bocais por filtro Uds./m2 50
Numero de capas filtrantes: 3
Material da capa superior antracito
Altura da capa superior m 0,7
Tamanho efetivo da capa superior mm. 1,50
Coeficiente de uniformidade 1,4
Poder de corte do material micras 226
Material da capa intermediaria Silex
Altura da capa intermediaria m 0,4
Tamanho efetivo da capa intermediaria mm 0,60
Coeficiente de uniformidade 1,45
Poder de corte do material micras 93
Material da capa inferior Silex
Altura da capa inferior m 0,2
Tamanho efetivo da capa inferior mm 2,00
Coeficiente de uniformidade 1,7
Poder de corte do material micras 309
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2.2.- PRE TRATAMENTO FISICO DA AGUA DO MAR
DESENHO DA FILTRAGAO

2.2.- SEGUNDA ETAPA DE FILTRAGCAO

Vazao de agua do mar a filtrar para o processo m3/h 8.024
Tipo de filtros De pressdo
Posicdo dos filtros Horizontal
Velocidade nominal de filtragdo m/h 12
Superficie util de filtracio de cada filtro m2 92,51
Namero de filtros: Uds. 8
Diametro interior do filtro: m 4
Comprimento cilindrico do filtro m 22
Tipo de fundos: HRERE Korbbogen DIN 28013
Pressao do desenho do filtro: bars 4,5
Velocidade de filtragdo em operacado m/h 10,8
Numero de filtros na lavagem simultanea Uds. 1
Velocidade de filtragdo enquanto lava m/h 12,4
Perda de carga minima nos filtros m.c.a. 4,82
Perda de carga maxima nos filtros m.c.a. 10
Numero de bocais por filtro Uds./m2 52
Namero de capas filtrantes: 2
Material da capa superior Silex
Altura da capa superior m 0,50
Tamanho efetivo da capa superior mm. 0,30
Coeficiente de uniformidade 1,4
Poder de corte do material micras 46
Material da capa inferior Silex
Altura da capa inferior m 0,2
Tamanho efetivo da capa inferior mm 2,00
Coeficiente de uniformidade 1,7
Poder de corte do material micras 309
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2.2.- PRE TRATAMENTO FISICO DA AGUA DO MAR

2.2.3.- FILTROS DE CARTUCHO

DESENHO DA FILTRAGAO

Vazio de agua do mar a filtrar para o processo m3/h 8.024
Tipo de filtros Cartucho
Posicao dos filtros Vertical
Velocidade maxima em conexdes m/seg 2,2
Tipo de cartucho PP-1
Modelo de cartucho: BOBINADO-1
Material del cartucho: POLIPROPIL.
NUmero de cartuchos por filtro: Uds. 339
Poder de corte do cartucho: micras absol 10
Eficiencia da filtragdo 99,600%
Beta ratio: 5.000
Vazdo maximo por cartucho: m3/h 3,26
Vazao real por cartucho: m3/h 2,96
Diametro del cartucho: mm. 61
Comprimento do cartucho mm 1.270
Superficie filtrante do cartucho m2 0,24
Perda de carga m.c.a. 2,18
Perda de carga maxima admissivel bars 2
Perda de carga maxima desenho m.c.a. 10,6
Namero de filtros: Uds. 8
Diametro interno do filtro mm. 1.700
Altura do corpo do filtro: mm. 2.972
Pressdo de desenho do filtro: bars 4,5
Velocidade de filtragdo em operacio m/h 12,20
Duracéo estimada dos cartuchos: dias 44

Separacao entre cartuchos:

15

Source: GS Inima
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2.2.- PRE TRATAMENTO FIiSICO DA AGUA DO MAR

DESENHO DA FILTRACAO

2.2.4.- SISTEMA DE LAVAGEM DOS FILTROS DE AREIA

lavardo a vez filtros de 12 e 22 etapa?: nao

NUmero bombas en operagao para lavagem: Uds.

Namero de bombas em reserva: Uds. 1
Velocidade recomendada de lavagem m/h 43
Vazdo da bomba de lavagem m3/h 1.914
Pressdo de descarga da bomba de lavagem Bars 0,0
Fuido de lavagem salmora
Vazdo total de agua para lavagem dos filtros: m3/h 3.828
NUmero de sopradores de lavagem em operagao Uds. 2
Numero de sopradores de lavagem em reserva Uds. 1
Velocidade do ar de lavagem m/h 50
Vazdo so ar dos sopradores Nm3/h 2.211
Pressdo de descarga da bomba dos sopradores bars 0,6
Procedimento de lavagem dgua +ar
Tempo estimado do ciclo de lavagem min. 77
Frequencia de lavagem filtros 12 etapa: lavagens/dia 1,48

Frequencia de lavagem de filtros 22 etapa lavagens/dia 3,31

Source: GS Inima
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2.2.- PRE TRATAMENTO FISICO DA AGUA DO MAR

2.2.5.- DOSIFICACAO DO CARVAC ATIVADC EM PO

Vazdo de agua do mar a tratar

Dose do produte pure

Densidade do produto

Densidade do produto

Quantidade do produto a dosar
Quantidade do produto comercial

Vazdo do produto a dosar

Numero de bombas dosadoras em operagao
Numero de bombas dosadoras em reserva
Vazao da dosagem por bomba

Vazao nominal da bomba dosadora
Pressac de descarga

Poténcia do motor

Tempo minime da dissolugéo disponivel
Numero de tangues de dissolugao

Volume de cada tanque

Tempo real de dissolugdo disponivel
Tempo de reserva do produte armazenado
Numero de silos de armazenamento
Volume de cadasilo

Tempo real de reserva no armazenamento
Consumo anual de produto por este conceito

m3/h
mg/L
ka/l
Kg/|
ar/h
ke/h
I/h

bars
K
horas
Uds.
litros
horas
dias
Uds.
m3
dias

Ton

DESENHO DA FILTRACAO

8.024
2,00
0,45

10
16.048,0
16,0

160

2

1

80

160

0,37
12

1000
12,5

58
134,8

Source: GS Inima
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3.- PROCESSO DE OSMOSE INVERSA
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3.1.- POMBAS DE ALTA PRESSAO

Vazdo total de agua do mar a bombear

Numero de bombas em operagéc

Numero de bombas em reserva

Vazdo nominal da homba:

Temperatura do desenho

Densidade da agua do mar

Viscosidade da agua do mar

Pressdo de descarga a vazdo nominal
Perdas de carga em tanque intermediario
Pressdo de entrada da membranas

Altura geométrica

Pressao total na descarga da homba

Pressdo na impulsdo da bomba
Press3o diferencial dinamica total
pressdo de descarga a vazdo zero
Rendimento da bomba

Rendimento do motor

Potencia absorbida por cada bomba

Potencia total absorvida pelos motores:

3.- PROCESSC DE OSMOSE INVERSA

Desenho do sistema de alta pressdo

m3/h 3.662
Uds. 4
Uds. 0
m3/h 915
o°¢ 27
Kg/l 1,0255
cp. 0,9260
bars 1,2
bars 63,00
bars 0,34
bars 64,5
bars 10,00
m.c.l. 542,6
bars 70,0
85,0%

97,5%

Kw 1.633
Kw 6.698
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3.2.- BOMBA BOOSTER EM ALIMENTACAO B.A.P.

Vazdo total de agua do mar a bombear m3/h 3.662
MNumero de bombas em operagéc Uds. 4
Numero de bombas em reserva Uds. 0
Vazdo nominal da bomba: m3/h 915
Temperatura do desenho oC 27
Densidade da agua do mar Kg/l 1,0255
Viscosidade da agua do mar cp. 0,9260
Pressdo de descarga a vazdo nominal
Perdas de carga em tanque intermediaric bars 0,88
Pressdc na aspiracic da bomba de A.P.: bars 10,00
Altura geométrica de impulsio bars 0,00
Pressao total na descarga da bomba bars 10,88
Pressdo na impulsdo da bomba bars 2,50
Pressdao diferencial dinamica total m.c.l. 83,37
pressdo de descarga a vazdo zero bars 12,00
Rendimento da bomba 234,00%
Rendimento do motor 96,30%
Potencia absorbida por cada bomba Kw 254
Potencia total absorvida pelos motores: Kw 1.055

Source: GS Inima
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CALCULOS HIDRAULICOS

3.1.- Trem de alta pressdo

Pressdo de impulsdo 10 bars Tipo de agua a bombear Do Mar
Pressdo de entrada da membranas 63 bars Tipo de fluido Salmora
Pressdo de saida da membranas 59,6 bars
Cota geometrica de aspiragdo da bomba Temperatura do fluido bombeado 27 eC
Cota geometrica ponto médio da estrutura Densidade do fluido bombeado 1,0255 Kg/l
Cota geometrica da entrada da salmoura 550 m Viscosidade do fluido bombeado 0,9260 cp.
Vazdo da bomba de alta pressdo 915 m3/h Densidade da salmora 1,0509 Kg/l
Vazdo de agua por fila de estrutura 44,4 m3/h Viscosidade da salmaora 1,0067 cp.
Vazdo de rejeito salmora por fila de estrutura 24,4 m3/h
vazdo de rejeito da salmora a S.I.P.: 1.103 m3/h Fator de seguranga perda atrtito 20 %
Tubulagio Vaz3 . Numero de Perda de Comprimento | Outras perdas Perda de .
azdo Velocidade . . Perda por secio
DN D interior Material Reynolds carga unitdria| equivalente de carga carga total
(mm.) (mm.} R (m3/h} (m/s) e {(m.c.a./Km.) {m} (m.c.a.) (m.c.a.) {m.c.a.}
350,0 333,4 9504hMo 915,4 2,91 1.075.434 34,09 110 0,91 4,6
Se¢do 500,0 477,8 9504hMo 2.006,0 3,11 1.644.244 25,25 85 0,29 2,4
impulsdo 350,0 333,4 904hMa 1.003,0 3,19 1.178.349 40,38 28 0,56 1,7 12,3
bomba 90,0 77,9 904hMo 44,4 2,58 223.042 148,89 8 0,35 1,5
40,0 35,1 904hMo 8,9 2,56 99.182 370,31 5 0,17 0,0
40,0 35,1 9504hMo 4,9 1,41 54.550 122,39 3 0,31 0,0
Secdo de 90,0 77,9 9504hMo 24,4 1,42 122.673 49,21 11 0,26 1,5
rejeito da 250,0 254,5 904hMo 551,7 3,01 848.937 49,70 43 1,13 3,2 11,1
salmora 400,0 381,0 904hMa 1.103,3 2,69 1.134.144 25,14 52 1,12 2,4
400,0 381,0 904hMo 1.103,3 2,69 1.134.144 25,14 44 0,91 2,0
Bomba de alta pressao S.I.P.
Diferenga de pressdo no ponto de saida/entrada 540,6 m.c.a. Perda de carga nas tubulacgtes de aspiraciac 11,1 m.c.a.
Altura geométrica de impulsdo 3,44 m.c.a. Altura geométrica entre saida estrutura 4,47 m.c.a.
Perda de carga nas tubulagGes de impulsdo bomba 12,33 m.c.a. Pressdo de saida da membranas 607,41 m.c.a.
T.D.H. a vazdo normal da bomba: 542,56 m.c.l. Pressdo de entrada 58,90 bars
Pressdo de descarga de bomba a vazdo normal: 64,55 bars Numero de rodetes da bomba: 3 Uds.
Pressdo na aspiragdo 102,00 m.c.a. Velocidade de giro: 3000 r.p.m.
Tensdo de vapor a tempertaura do mar 0,37 m.c.a. Velocidade especifica: 30,67
109,18 m.c.l. NPSH recomendado: 24,83 m.c.l.
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3.1.- Trem de alta pressao: CALCULO DO COMPRIMENTO EQUIVALENTES

SE(;.E\O IMPULSAO BOMBA SE(;.E\O DE REJEITO DA SALMORA
DIAMETRO 350 500 350 a0 40 40 90 250 400 400
BOMBA DE COLETOR DE COLUNA DE TUB. DISTRIBUC ENTRADA DO TUBQO | SAIDADOTUBO DE TUB. HORIZON COLUNA DE SAIDA | COLETOR DE SAIDA TUBOS A S.IP.
SERV'CO IMPULSAQ DE ALTA IMPULSAQ DA DISTRIBUI(;AO DA HORIZON DE PRESSAD PRESSAD COLETAREIJEITO DA ESTRUTURA DA ESTRUTURA
PRESSAC ESTRLITLIRA ESIRLITLIRA
COMPRIMENTO RETO 15 15 10 6 1 1 6 20 20 12
CURVA 902 (RAIO COMPRIDO)
CURVA 902 (STANDARD) 2 2 1 1 1 1 2 2
CURVA 452 (STANDARD)
CURVA 452 (RAIO CURTO)
TE 4 1 1 1 1 1
TE 1 1 1 1
VALVULA BORBOLETA
V. RETENCEO 1
V. GLOBO
V. COMPOERTA
V. ANGULO
COMPRIMENTO EQUIVALENTE 109,5 a5 27,5 7,8 4,6 3 11,4 42,5 52 44
ENTRADA 0 1 1 1
SAIDA 0 1 1 1
REDUCEO 400 180 200 100
140 100
100
ALARGAMENTO 273
VALVULAS DE MACHO 1 1 1 1 1 1
SOMA DO COEFICIENTE K 2,1 0,6 1,0 1,0 0,5 2,9 2,4 2,3 2,9 2,3
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DN- 90
DN- 280
Fortaleza
CALCULOS HIDRAULICOS
Trem de alta pressdc
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CALCULOS HIDRAULICOS
3.2.- BOMBA BOOSTER PARA BOMBA DE ALTA PRESSAO

Pressdo na aspiragdo da bomba booster: 2,5 bars Tipo de dgua a bombear Do Mar
Pressdo na aspiragdo da bomba de A.P.: 10 bars Tipo de fluide Salmora
Cota geométrica aspiragdo da bomba booster: 6,4 m Temperatura do fluido bombeado 0 eC
Densidade do fluidoc bombeado 1,0255 Kg/l
Viscosidade do fluide bombeado 0,9260 cp.
vazdo da homba booster de alta pressdo 915 m3/h Densidade da salmora 1,0509 Kg/l
Viscosidade da salmora 1,0067 cp.
Fator de seguranga perda atrtito 20 %
DN D interior Material
{mm.) (mm.} R (m3/h) (m/s) e (m.c.a./Km.) {m} {m.c.a.} (m.c.a.) {(m.c.a.)
350,0 333,4 904hMo 915,4 2,91 1.075.434 34,09 102 1,03 4,5
350,0 3334 904hMo 915,4 2,91 1.075.434 34,09 57 1,06 3,0
9,0
Diferenca de pressdo no ponto de saida/entrada 76,5 m.c.a.
Altura geométrica de impulsdc 0,00 m.c.a.
Perda de carga nas tubulagées de impulsdc bomba 8,99 m.c.a.
T.D.H. a vazdo normal da bomba: 83,37 m.c.l.
Pressdo de descarga de bomba a vazdo normal: 10,88 bars Numero de rodetes da bomba: 1 Uds.
Pressdo na aspiragdo 25,50 m.c.a. Velocidade de giro: 1500 r.p.m.
Tensdo de vapor a tempertaura do mar 0,37 m.c.a. Velocidade especifica: 27,41
N
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3.2.- BOMBA BOOSTER PARA BOMBA DE ALTA P ESSAOQ: CALCULO DO COMPRIMENTO EQUIVALENTES

SECAOD DE IMPULSAC BOMBA BOOSTER

DIAMETRO 350 350
impulsio BOMBA COLETOR DE

SERVICO BOOSTER IMPULSAQ DA

ESTRUTURA

COMPRIMENTO RETO 7 8

CURVA 90¢ (RAIO COMPRIDO)

CURVA 902 (STANDARD) 2 2

CURVA 452 (STANDARD)

CURVA 452 (RAIO CURTOQ)

TE 4

TE 1

VALVULA BORBOLETA

V. RETENCAO 1

V. GLOBO

V. COMPOERTA

V. ANGULO

COMPRIMENTO EQUIVALENTE 1015 57

ENTRADA 0

SAIDA 0 1

REDUCAQ

ALARGAMENTO 273

VALVULAS DE MACHO 1 1

SOMA DO COEFICIENTE K 2,3 2,4
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Fortaleza

CALCULOS HIDRAULICOS

BOMBA BOOSTER PARA BOMBA DE ALTA PRESSAO
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3.- PROCESSO DE OSMOSE INVERSA

DESENHO DA RECUPERACAO DE ENERGIA POR SISTEMAS DE INTERCAMBIO DE PRESSAO (S.1.P.)

3.3.- SISTEMA DE INTERCAMBIO DE PRESSAQ (5.1.P.)

Tipo de S.I.P. a utilizar: ERI
Modelo de S.1.P.: PX-Q300
vazdo total de salmora m3/h 4.413,20
vazdo total de salmora a partir dos S.1.P.: m3/h 4.413,20
Pressdo maxima salmora bars 82,70
Pressdo de entrada salmora bars 58,90
Pressdo de saida salmora bars 1,54
vazdo de agua do mar a partir das camaras: m3/h 4.362,40
vazao de agua de mar m3/h 4.362,40
Pressdo min. entrada agua do mar bars 2,28
Eficiencia % 97,20
Numero de elementos en operagdc Uds. 72
Numero de elementos em reserva: Uds. 0
Numero de elementos por estrutura Uds. 18,0
vazdo maximo de salmora/elemento: m3/h 68,00
vazdo real de salmara/elemento (incl reserv): m3/h 61,29
Pressdo de saida da agua do mar: bars 58,18
Salinidade de entrada salmora: ppm 72.681,67
Salinidade de saida salmora: ppm 70.687,35
Salinidade saida da agua do mar: ppm 41.073,36
Salinidade entrada agua do mar a membranas: ppm 40.152,69
Maximo porcentagem de mistura % 6,00
Mumero de rotagBes por minuto (max.): r.p.m. 800,00
Mumero de rotages por minuto reais: r.p.m. 721,11
Poténcia transmitida por la salmora: Kw 6.955,30
Poténcia recuperada pela agua do mar: Kw 6.760,55
Rendimento da recuperagdo % 96,34
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3.- PROCESSO DE OSMOSE INVERSA

DESENHO DA BOMBA DE RECIRCULACAO

3.4.- BOMBA DE RECIRCULACAO DOS S.I1.P.

Vazdo total de agua do mar a bombear m3/h 4.362
Mumero de bombas em operagdo Uds. 4
Numero de bombas em reserva Uds. 0
Vazdo nominal da bomba: m3/h 1.090,6
Temperatura do desenho °C 27
Densidade da agua do mar Kg/l 1,0255
Viscosidade da agua do mar cp. 0,9260
Pressdo de descarga a vazdo nominal
Perdas de carga em tanque intermediario bars 0,4
Presdc na tububagio de alimentacio de racks: bars 64,00
Altura geométrica hars 0,00
Pressdo total na descarga da bomba bars 64,4
Pressdo na impulsdc da bomba bars 57,50
Pressdo diferencial dinamica total m.c.l. 68,5
pressdo de descarga a vazdo zero bars 70,0
Rendimento da bomba 83,0%
Rendimento do motor 96,3%
Potencia absorbida por cada bomba Kw 252
Potencia total absorvida pelos motores: Kw 1.097
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CALCULOS HIDRAULICOS
3.4.- BOMBA DE RECIRCULAGCAQ DOS S.1.P.

20029¢

Pressdo agua do mar saida S.1.P.: 58,18 bars Tipo de agua a bombear Do Mar
Presdo na tububacdo de alimentacdo de racks: 64,0 bars Tipo de fluido alta pressdo a 5.1.P.: salmuera
Pressdo de saida da membranas 59,6 hars Cota de saida da salmora de S.1.P.: 5,50 m
Cota de la aspiragdo b. Recirculagdo 6,4 m Temperatura do fluido bombeado 27 °C
Cota de la descarga da bomba de alta presséc 6,4 m Densidade do fluide bombeado 1,0255 Kg/l
Cota de entrada salmora a S.1.P.: 5,50 m Viscosidade do fluido bombeado 0,9260 cp.
vazdo de la bomba de recirculacdo 1.091 m3/h Densidade da salmora: 1,0509 Kg/l
vazdo total de agua do mar a S.I.P.: 1.091 m3/h Viscosidade da salmora: 1,0067 cp.
vazdo de agua do mar a cada S.1.P.: 61 m3/h
vazdo de salmora aS.L.P.: 61,3 m3/h Fator de seguranga perda atrtito 20 %
Tubulagdo 1 . Nuimero de Perda de Comprimento | Qutras perdas Perda de Perda por
- _ - Vazdo Velocidade e . =
DN D interior Material Reynolds | carga unitaria| equivalente de carga carga total Secdo
(mm.) (mm.} - (m3/h} (m/s) ——- (m.c.a./Km.) (m} (m.c.a.} (m.c.a.} (m.c.a.)
100,0 90,1 904hMo 60,6 2,64 263.313 130,56 15 0,00 2,0
Impulsdo da 400,0 381,0 904hMo 1.090,6 2,66 1.121.089 24,61 42 0,18 1,2
bomba 400,0 381,0 904hMa 1.090,6 2,66 1.121.089 24,61 46 0,70 1,8 6,0
Sess3o da 400,0 381,0 904hMo 1.090,6 2,66 1.121.089 24,61 91 1,07 3,3
. 3 400,0 381,0 9504hMo 1.090,6 2,66 1.121.089 24,61 0 0,00 0,0 4,0
impulsdo da
bomba
SESSAO DA IMPULSAO DA BOMBA IMPULSAO DA BOMBA
Diferenca de pressdo no ponto de saida/entrada 59,35 m.c.a. Perda de carga nas tubulagées de aspiracdc 6,0 m.c.a.
Altura geométrica de impulsdo 0,00 m.c.a. Tensdo de vapor a tempertaura do mar 0,36 m.c.a.
Perda de carga nas tubulagdes de impulsdo bomba 3,97 m.c.a. N.P.S.H. disponivel 581,68 m.c.l.
T.D.H. a vazdo normal da bomba: 68,51 m.c.l Pressdo relativa na aspiragdc 57,50 bars
Pressdo de descarga de bomba a vazdo normal: 64,39 bars Altura geométrica a partir S.1.P.-asp b recirc.: -0,92 m.c.a.
Velocidade de giro: 1500 r.p.m.
Velocidade especifica: 34,67
NPSH recomendado: 9,98 m.c.l.
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3.4.- BOMBA DE RECIRCULAGCAO DOS S.1.P.: CALCULO DO COMPRIMENTO EQUIVALENTES

IMPULSAO DA BOMBA SESSAO DA IMPULSAO DA BOMBA

DIAMETRO 100 400 400 400 400
tubulacio de saida coletor ASPIRACAD BOMBAS IMPULSAD BOMBAS | COLET OR IMPULSAOD
SERVICO DE RECIRCULACAQ DE RECIRCULACAO | B.RECIRCULACAO

COMPRIMENTO RETO 1 10 10 7 0,1
CURVA 902 (RAIO COMPRIDO)
CURVA 902 (STANDARD) 2 2 3 2
CURVA 452 (STANDARD)
CURVA 452 (RAIO CURTO)
TE 1 1
TE 1
VALVULA BORBOLETA
V. RETENCAO 1
V. GLOBO

V. COMPOERTA
V. ANGULO
COMPRIMENTO EQUIVALENTE 15 42 46 0 91 0,1 0 0
ENTRADA 1
SAIDA 1
REDUCAO

ALARGAMENTO

VALVULAS DE MACHO 1 1
SOMA DO COEFICIENTE K 0 0,5 1,9 0 2,9 0 0 0

Source: GS Inima
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3.- PROCESSO DE OSMOSE INVERSA

DESENHO DOS QUADROS DE MEMBRANAS

3.5.- MEMBRANAS DE OSMOSE INVERSA

Produgdo nominal de desenho m3/d 86.659
Numero total de linhas instaladas: Uds. 4
Producdo de desenho de cada linea: m3/d 21.665

Temperatura de desenho (minima}: °C 22
Temperatura de desenho (maxima}: oC 30
Tipo de membrana a instalar: Arrollamiento en espiral
Material da capa ativa: Poliamida aromatica
Rejeito minimo de sais 99,45%
Numero de membranas por tubo: Uds. 7
Numero de etapas: Uds. 1
Fluxo especifico medic de quadro I/m2/h 13,96

0 I[/m2/h

0 I/m2/h
pressdo entrada com membranas limpas bars 61,4
pressdo entrada com membranas sujias bars 63
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3.- PROCESSO DE OSMOSE INVERSA

3.6.- CONFIGURACAO DOS QUADROS

PASSO N21
Nudmereo de membranas Na 12 etapa/linha Uds. 1582
Numero de tubos de pressido na 12 etapa/linha Uds. 226
Modelo de membranas de la 12 etapa: SWC5 MAX
Estrutura
Numero de filas de tubos: Uds. 12
Numero de colunas de tubos: Uds. 20
N2 de ocos livres de reserva para tubos: Uds. 14

tubulagtes de distribucdo e forma do Estrutura

Ndmero de coletores verticais de alimentacéo e de saida salmora: Uds. 2
Forma de distribugfio na estrutura Multiport
Numero de coletores verticals de permeado na estrutura Uds. 2
NOTA.- ver desenho das membranas nas folhas do computador
anexas
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Permeate Throttling {Variable)

Project name FORTALEZA Page : 143
Calculated by nsc Permeate flow a02,70 m3/h
HP Pump flow 2006,00 m3/h Raw water flow 2006,00 m3h
Feed pressure 680 har Fermeate recovery 4500 %
Feed temperature 220 °C(711 B6°F) Element age 0.0 years
Feed water pH 7,22 Flux decline %, peryear 7.0
Chem dose, mgfl, - MNone Fouling factor 1,00
Specific energy 4 89 kwhi/m3 5P increase, peryear 100 %
Pass MDP 17,3 bar
Average flux rate 14,0 lrmh
Feed type Sea Surface Conventional
Pass- Ferm Flow { Vessel Flux DP Flux Eeta Stagewise Pressure Ferm Elernent Element . PW#x
Stage  Flow  Feed  Conc Max Perm.  Boost  Conc TDS Type Quantity Elem#
rm3ash m3th 3k Imh bar Irnh bar har bar myl

141 5018 88 448 139 13 302 1,08 1.1 0 56,6 2068 SWCE MAX 1582 226x 7
lan (maf) Raw VWater Feed \Water Permeate Water Caoncentrate 1
Hardness, as CaC03 B586,95 B586,89 8,201 11854,8
Ca 520,00 520,00 0647 944,2
Mg 1280,00 1280,00 1,608 23422
ha 124a87,00 1245700 14,354 22570,0
K 432,00 432,00 3,222 82,2
MH4 0,00 0,00 0,000 0,0
Ba 0,020 0,020 0,000 0.0
Sr 5,250 5,260 0,007 9.5
co3 283 2,63 0,000 13,3
HCO3 160,00 150,00 1,512 2629
S04 4280,00 4280,00 6,020 77888
Cl 21000,00 21000,00 117,748 38054,8
E 0,31 0,31 0,003 0,6
M3 11,00 11,00 0458 19,6
PO 0,00 0,00 0,000 0,0
Si02 880 8,50 0,036 1654
B 5,00 5,00 1,172 8,1
co? 472 4,72 4,72 4,72
TDS 40171.71 40171.71 206,79 7261164
pH 7,22 722 5.71 7.47
Saturations Raw Water Feed Water Concentrate Limits
Ca504 fksp* 100, % 39 38 82 400
Sre304 f ksp * 100, % 24 24 a1 1200
BasO4 fksp ™ 100, % 113 13 224 10000
Si02 saturation, % 7 7 13 140
CaF2/ksp * 100, % ] 0 1] 1000
Cad(PC4)2 saturation index 0.0 a0 0.0 1.0
lonic strength 0,80 0,80 144
Osmotic pressure, bar 28,5 285 516

Product petforrrance calculations sre based on norrinal elerment performancewhen aperated on afeed water of acceptable guality. The resutts shown on the printouts produced by this prograrn are
estimates of product performance. Mo guarantee of product or system performance is expressed or implied unless provided in a separate waranty staternent signed by an authorzed Hydranadtics
representative. Calculations for chermical consurrption are provided for convenience and are based on various assurmptions concerning water gquality and corrpostion. As the actual amourt of cherrical
needed for pH adjustrment is feedwater dependent and not merrbrane dependent, Hydranautics does not warrant chermical consumption. If a product or sy stemwarranty is required, please contact your
Hydranautics representative. Mon-standard or extended warrarties may resalt in diffierent pricing than previousy quoted. Version: 1.214.57 %

Ermail : imsd-support@hy dran autic sprojections.net www.membranes.caom  +760-901-2500
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Permmeate Throttling (Variable)

Praject name FORTALEZA Page : 2/3
Calculated by nsc Permeate flow 902,70 md/h
HF Purmp flow 2006,00 m3th Raw water flow 2006,00 m3fh
Feed pressure 58,0 bar Permeate recovery 4500 %
Feed temperature 220 *C(716°F) Element age 0.0 years
Feedwater pH 7,22 Flux decline %, peryear 7.0
Chem dose, mgil, - MNone Fouling factor 1,00
Specific energy 4,69 kwhim3 SP increase, peryear 10,0 %
Pass KNOP 17.3 har
Average flux rate 14.0 Imh
Feed type Sea Surface Conventional
Pass- Perm Flow f vYessel Flux DF Flux Beta Stagewise Pressure Ferm Element Element  Pv#x
Elem #
Max
Stage Flow Feed Conc Perm Boost conc TDs Type Quantity
m3fh marh m3th Ik har Irnh har bar har gl
1-1 9018 =Re] 4.9 139 1.3 302 1,08 A 0 56,6 208,8 SWICE MAX 1582 226 x 7
Permeat Permeate
Pass- Element Feed Fressure Conc NOP e Water  Water Beta Permeate (Passwise cumulative)
Stage no.  Pressure  Drop Osrno Flow Flux TDS Ca Mg Ma cl
bar bar bar par m3‘h Imh
1-1 1 58 0.3 331 245 1.2 30,2 1,08 71 0,222 0881 25531 40429
1-1 2 87,7 0.2 378 18,6 0.9 228 1,08 872 0,273 0B77 31348 449643
1-1 3 67,8 0.2 41,8 188 07 16,6 1,03 1058 0,33 0819 37983 60101
1-1 4 673 0.z 45,2 1.8 0.5 11,4 1,03 127 8 0,399 0891 45878 72,652
1-1 5 Br 0.2 478 84 0.3 78 1,02 16822 0,476 1181 B4704 8E6E28
141 B 569 04 a0 B2 0.2 54 1,02 17886 0,658 1,387 B4,218 101685
1-1 7 £6.8 01 B 4.5 02 37 1,01 208 8 0,647 1806 74354 117,748

Product performance calculations are based onnominal element performanc e when operated on a feed weater of acceptable quality. The results shown on the printouts produced by this program are
estimates of product performance. Mo guarantee of product or sy stern performance is expressed or implied unless provided in a separate wamranty statement signed by an authorized Hydranautics
representative. Calculations for chemical consurmption are provided for convenience and are hased on warious assumptions concerning water gquality and corrposition. As the actual amount of chermical
needed for pH adjustment is feedwater dependent and not merrbrane dependent, Hydranautics does notwarrant chemical consurnption. If @ product or sy stemn warranty is required, please contact your
Hydranautics representative, Mon-standard or extended warrarties may result in differert pricing than previousl guoted. Version: 1.214.57 %

Ermail : imsd-suppart@hy dranaticsproj ections.net www.membranes.com +760-901-2500
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Permeate Throttling {Variable)

Project name FORTALEZA Page : 313
Temperature : 22,0 °C Element age, P1: 0.0 years
3)
Stream MNo. Flow (marh) Pressure (bar] TDS pH B

1 2006 1] 40172 722 5,00
2 2008 58,0 40172 722 5,00
3 1104 566 72812 747 B.13
4 02 1,10 207 571 117

Product petforrrance calculations are based on norrinal elerent performance when operated on a feed water of acceptable quality. The resufts shown on the printouts produced by this prograrm are
estimates of product performance. Mo guarantee of product or system performance is expressed or implied unless provided in a separate wamanty statement signed by an authorized Hydranautics
represertative. Calculations for chemical consurmption are provided for convenience and are hased on various assumptions concerning water guality and corrposition. A s the actual amount of cherrical
needed for pH adjustment is feedwater dependent and not membrane dependent, Hydranautics does not warrant chemical consumption. If & product or system warranty is required, please contact your
Hydranautics representative. Nor-standard or extended warrarties ray result in different pricing than previousy guoted. Version: 1.214.57 %

Errail : imsd-support@hydranadtic sprojections.net
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Permeate Throttling (Variable)

Project name FORTALEZA Page : 1/3
Calculated by nsc Permeate flow 902,70 m3h
HF Pump flow 2008,00 m3/h Raw water flow 2006,00 m3sh
Feed pressure 609 bar Fermeate recovery 4500 %
Feed temperature 220 °C(71 B°F) Element age 3.5 years
Feed water gpH 722 Flux decline %, per year 7.0
Chem dose, maf, - MNone Fouling factor 0,78
Specific energy 4,82 kwh/m3 SPincrease, per year 100 %
Pass NDP 203 har
Average flux rate 14.0 Imh
Feed type Sea Surface Conventional
Pass- Perm Flow { Vessel Flusx DP Flux Beta Stagewise Pressure Perm Element Element PWv#x
Stage  Flow Feed  Conc M Perrn.  Boost  Conc TDS Type Quantiyy Elem#
math m3/h m3fh Imh har Imh bar bar har moil

1-1 8024 a4 4.8 139 14 2688 1,05 1.1 0 595 2737 SWWTE MAXK 1582 2B x7
lon fmgf) Raw Water Feed Water Fermeate Water Concentrate 1
Hardness, as CaC03 B5B6.89 BE8E,89 10 862 11963 6
Ca 520,00 520,00 0,857 9448
Mo 1280,00 1250,00 2127 23430
Ma 12457 .00 12457.00 98,439 228618
K 432,00 432,00 4 265 7817
MH4 0,00 0,00 0,000 0.ad
Ba 0,020 0,020 0,000 0o
Sr 5,280 5280 0,008 95
cod 2,683 2,83 0,000 133
HCO3 180,00 150,00 2,001 2628
S04 4280,00 4290,00 7.973 711
Cl 21000,00 21000,00 155,891 380428
F 0,31 0,31 0,008 0.6
M3 11,00 11,00 0,805 19,5
PO4 0,00 0,00 0,000 0.0
Si02 8,50 8,50 0,047 154
B 5,00 5,00 1,522 78
cio2 4,72 4,72 472 472
TDS 4017171 4017171 273,74 7279315
pH 7,22 7,22 5,82 747
Saturations Raw Water Feed Water Concentrate Limits
Caso4 /ksp™ 100, % 39 38 g2 400
Sr30d f ksp " 100, % 24 24 a1 1200
BaSO4 fksp™ 100, % 13 113 224 10000
5102 saturation, % T T 13 140
CaF2/ksp ™ 100, % i] 1] 0 1000
Ca3d(FPC4)2 saturation index 0,0 o0 o0 1,0
lonic strength 0,80 0,80 144
Csmotic pressure, bar 28,5 285 516

Ermail : imesd-support@hy dranadticsprojections.net

Product perforrrance calculations are based on norrinal elerent performance when operated on a feed water of acceptable gquality. The re=ults shown on the printouts produced by this program are
estirates of product perforrmance. Mo guarartee of product or sy stem performance is expressed or implied unless provided in & separate wararty staternent signed by an authorzed Hydranautics
representative. Calculations for chemical consurrption are provided for convenience and are based on various assumptions concerming water guality and corrposition. As the actual amount of cherrical
needed for pH adjustment is feedwater dependent and not merbrane dependent, Hydranautics does notwarrant chermical consumption. If a praduct or sy gtermwarranty is required, please contact your
Hydranautics representative. Mon-standard or extended warrarties may resutt in differert pricing than previously quoted  Version: 1.214.57 %
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Permeate Throttling (Variable)

Project name FORTALEZA Page : 2/3
Calculated by nsc Permeate flow 902,70 m3h
HP Pump flow 2006,00 marh Raw water flow 2006,00 m3ih
Feed pressure 60,9 bar Permeate recovery 4500 %
Feed temperature 22,0 *C(71.6°F) Elerment age 3.5 years
Feed water pH 722 Flux decline %, peryear 7.0
Chem dose, mgfl, - Maone Fouling factor 078
Specific energy 482 kwh/m3 SF increase, peryear 100 %
Pass MOP 20,3 har
Average flux rate 14,0 Imh
Feed type Sea Surface Conventional
Pass- Perm. Flow f Vessel Flux DF  Flux Eeta Stagewise Pressure Perm Element Element  PV#x
Elem#
Ml &=
Stage Flowr Feed Conc Perm. Boost Conc TOS Type Cluantity
m3ih m3fh m3/h Irh bar Imh bar har bar mg/l
1-1 902 4 89 4.8 13.9 14 268 1,08 Nl 0 694 2737 SWCE MAK 1582 2268x 7
Permeat Permeate
Pass- Element Feed Pressure Canc NOP  eidater  Water Beta Permeate (Passwise cumulative)
Stage no.  Pressure  Drop Dsmo Flow Flus DS Ca Mg Na Cl
har har har har m3th Imh
11 1 B0 0.3 a2h 281 ) 26,8 1,08 106,3 0,333 0,826 38,214 BOSH13
1-1 2 B0 B 0.2 36,8 238 04a 212 1,04 128 0,384 0978 468308 71742
1-1 3 604 02 40,5 19,8 0.7 16,8 1,03 1484 0,466 1,186 53,545 847492
1-1 4 60,2 02 44 158 0.5 122 1,03 1754 0,551 1,366 B3,258 100173
1-1 ] 60 0.2 47 124 04 9.2 1,02 208 0,645 1.6 74,052 117,269
141 B 9.8 02 48,6 97 0.3 6.3 1,02 2386 0,747 18584 B5,B13 135854
1-1 7 597 01 516 7.8 0.2 48 1.01 2737 0,887 2127 9B439 155881

Product perforrmance calculations are based on naorrinal element perforrmance when operated on a feed water of acceptable guality. The results shown on the prirtouts produced by this program are
estirmates of product perforrance, Mo guarantee of product or sy stem performanice is expressad or implied unless provided in & separate wamanty staternent sianed ky an authorzed Hydranautics
representative. Calculations for chemical consurmption are provided for convenience and are based on various assumptions concerting water quality and corpostion. As the actual armount of cherrical
needed for pH adjustrert is feedwater dependent and not rrerrbrane dependert, Hydranautics does notwarrart chemical consurmption. [T a product or systern warranty is regquired, please contact your
Hydranautics representative. Mon-standard or extended warranties may result in different pricing than previously quoted. “ersion: 1.214.57 %
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Permeate Throttling (Variable)

Project name FORTALEZA Page : 3/3
Temperature : 220 *C Elementage, P1: 3.5 years

Stream Mo. Flow (m3/h) Pressure (har) TDS pH B
1 2008 0 40172 722 5,00
2 2008 B0 9 40172 722 5,00
3 1104 595 72793 747 784
4 q02 1,10 274 582 152

Praduct perforrance calculations are based onnorinal elerment perforrrance when operated on a feed water of acceptable quality. The results shown on the printouts praduced by this prograrn are
estirrates of product performance. No guarantes of product of systerm performance is expressed or implied unless provided in a separate warranty staternent signed by an authorz ed Hydranautics
representative. Calculations for chermical consurration are provided for converience and are based on various assurnptions concerning water guality and corrposition. As the actual amaount of cherrical
needed for pH adjustment is feedwater dependent and not membrane dependent, Hydranautics does not warrant chemical consumption. If a product or systemwarranty is required, please contact your
Hydranautics representative. Mon-standard or extended warrarties may result in different pricing than previously quoted. Version: 1.214.57 %

Ermail* imsd-support@hydranauticsprojections net www.membranes.com  +760-901-2500
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Permeate Throttling (Variable)

Project name FORTALEZA Page : 1/3
Calculated by nsc Permeate flow 902,70 m3/h
HP Purnp flow 2006,00 mah Rawe water flow 2006,00 maih
Feed pressure 5¢.7 bar Permeate recovery 4500 %
Feed termperature 270 *C(80 B°F) Element age 0.0 years
Feed water pH 7.22 Flux decline %, pervear 70
Chem dose, mgf, - Mane Fouling factor 1,00
Specific energy 4 BB kwih/m3 SPincrease, peryear 10,0 %
Pass NDP 162 bar
Average flux rate 14.0 Imh
Feed type Sea Surface Conventional
Pass- Perm. Flow / Vessel Flux DP Flux Beta Stagewise Pressure Perm Element Element  Pv#x
Stage Flow  Feed Conc M ax Perm. Boost Conc TDS Type Quartity  Elern#
math math m3fh Imh har Imh bar bar har gyl

1-1 8024 83 48 139 13 328 1,06 1.1 0 56 4 2559 SWCE MAX 1582 228 x 7
lon frmodl) Raw Water Feed Water Permeate VWater Concentrate 1
Hardness, as CaCO3 6586 88 8586849 10,151 119843
Ca 52000 520,00 0,801 9445
g 1280,00 1230,00 1,988 23431
Ma 12457 00 1245700 92,010 225672
K 432,00 432,00 3,987 7820
MNH4 0,00 0,00 0,000 0,0
Ba 0,020 0,020 0,000 o0
Sr 5,260 5,250 0,008 95
cod 17 317 0,000 15,7
HCO3 150,00 150,00 1,871 2610
S04 428000 4230,00 7452 77916
Cl 2100000 21000,00 145 709 380515
F 031 0,31 0,004 06
R[] 11,00 11,00 0,566 P
PO4 0,00 0,00 0,000 o0
Si02 g2.450 8,50 0,044 154
B 5,00 5,00 1498 T4
cio2 428 428 428 4,28
TDS 4017225 40172,25 255,94 72809.,70
pH 7,22 7,22 5,81 747
Saturations Raw Water Feed Water Concentrate Limits
Cas0d fksp* 100, % 3B 38 a0 400
Srs04/ ksp 100, % 24 24 a0 1200
BaSOd [ ksp® 100, % 113 113 224 10000
Si02 saturation, % 7 7 12 140
CaF2/ksp ™ 100, % 0 ] a 1000
Cad(PC4)2 saturation index on 0.0 0.0 1.0
lonic strength 0,80 0,80 144
Cismotic pressure, bar 29,0 290 5325

Froduct performance calculations are based onnominal elermert performance when operated on a feed water of acceptable quality. The results shown on the printouts produced by this program are
estimates of product perforrmance. Mo guarartes of product or sy stem performanic e is expressed or implied unless provided in & separate waranty statement signed by an authorized Hydranautics
representative. Calculations for chemical consurmption are provided for convenience and are based on various assumptions concerning water quality and composition. As the actual amount of cherrical
needed for pH adjustrent s feedwater dependent and not mermbrane dependent, Hy dranautics does notwarrant chemical consumption. If a product or system warranty is reguired, please contact your
Hydranautics representative. MNon-standard or extended warrartie s ray resutt in diffierert pricing than previousl guoted. Wersion: 1.214.57 %

Ermail : imed-support@hydranautic sprojections. net

20829¢

Project name FORTALEZA Page : 2/3
Calculated by nsc Permeate flow 902,70 m3h
HPF Purmnp flows 200800 m3dh Raw water flow 2008,00 m3h
Feed pressure 87,7 bar Permeate recavery 45,00 %
Feed temperature 27,0 *C{0E°F) Element age 0,0 years
Feed water pH 7.22 Flux decline %, per year 7.0
Chem dose, mofl, - MNone Fouling factor 1,00
Specific energy 4 66 lowhfm3 3P increase, peryear 10,0 %
PassNDP 162 bar
Awverage flux rate 14,0 Imh
Feed type Sea Surface Conventional
Pass- Perm. Flow {Vessel Flux DR Flux Beta Stagewise Pressure Perm. Element Element  PV#x
Elem#
Max
Stage Flow Feed Canc Perm. Boost Caonc TDOS Type Cluantity
maih m3/h ma/h Imh bar Imh har har bar gl
1-1 9024 Ba 4.9 139 1.9 4249 1,06 il i] 564 755.9 SWICE MAX 1582 22 %7
Permeat Permeate
Pass- Element Feed Pressure Canc NOP e Water  Water Beta FPermeate (Passwise cumulative)
Stage no Pressure  Drop Osrmo. Flow Flux TDS Ca Mg MNa Cl
har bar har bar m3th Imh
1-1 1 5T 0.3 341 233 13 328 1,08 806 0,252 0626 284974 45882
1-1 2 574 0.2 29 178 1 233 1,08 1018 0,318 0,789 36,521 57,833
1-1 3 572 02 433 134 o7 16 1,04 126 4 0,395 0,981 4543 7194
1-1 4 a7 0.2 487 9.7 04 0.7 1,03 184 7 0,484 1,200 55613 88,087
1-1 g 568 0.2 493 6.8 0z 7 1,02 1863 0,583 1,447 66,98 106,088
1-1 5 56,7 0,1 51,1 4.8 02 4.8 1,01 2201 0,689 1,71 79,132 125314
1-1 7 86,8 0.1 524 33 0,1 R 1,01 255 9 0,801 1,988 9201 145709

Product perforrrance calculations are based on notrinal element perforrmance when operated on afeed water of acceptable quality. The resutts shown on the printouts produced by this program are
estimates of product performance. Mo guarantee of product or system performance is expressed or implied unless pravided in a separate wamanty statement signed by an authorized Hydranautics
reptesert stive. Calculations for chemical consurrption are provided for convenience and are based oh various assurmptions concerning water guality and corrposition. Asthe actual armount of cherrical
needed for pH adjustrmert is feedwater dependent and nat rerrbrane dependert, Hy dranautics does notwarrant chemical consumption. If a product or sydermwarranty is required, please contact your

www.membranes.com

+760-901-2500

Hydranautics representative, Man-standard or extended warranties ray resutt in diffierent pricing than previousty guoted. Version: 1.214.57 %

www.membrangs.com . +760-901-2500

Errail : irrst-supportbhydranauticsprojections. net

Source: GS Inima

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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Permeate Throttling (Variable)

Project name FORTALEZA Page : 3/3
Temperature 270 °C Elementage, P 1: 0.0 years
€
Stream Mo, Flow {mafh) Pressure (bar) TDS pH B

1 2008 i] 40172 722 5,00
2 2008 57,7 40172 7.22 5,00
4 1104 564 72810 TAa7 7,86
4 q02 1,10 256 5,81 1,50

Product pedormance calculations are based on narrinal element performance when operated on a feed water of acceptable quality. The

resuftsshown on the printouts produced by this program are

estimates of product performance. Mo guarantee of product or system performance is expressed or implied unless provided in & separate waranty statement signed by an authorzed Hydranautics
representative. Calculations for chemical consurrption are provided for convenience and are based on various assumptions concerningwater quality and corpostion. As the actual amourt of cherrical

needed for pH adjustert is feedwater dependent and not rmembrane dependent, Hydranautic s does not warrant chermical consurmption

IT & product or system warranty is reguired, please contact your

Hydranautics representative. Mon-standard or extended warranties may result in different pricing than previously quoted. Version: 1.214.87 %

Errail : irred-supportighy dran autic sprojections. net

20529¢

www.membranes.com . +760-801-2500

Integrated Membranes Solutions Design Software, 2015

Created an: 08/01/2018 07:48:13
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Permeate Throttling (Variable)

Project name FORTALEZA Page: 1/3
Calculated by nsc Permeate flow 902,70 m3th
HP Pump flow 2006,00 m3h Raw water flow 2006,00 m3/h
Feed pressure 60,0 bar Permeate recovery 45,00 %
Feed temperature 27,0 *C(B0 B°F) Element age 35 years
Feed water pH 7122 Flux decline %, peryear 7.0
Chem dose, mo/l, - Mone Fouling factor 0,78
Specific energy 485 kwh/m3 5P increase, peryear 100 %
Pass NDF 18,8 bar
Average flux rate 14.0 Imh
Feed type Sea Surface Conventional
Pass- Perm. Flow / Vessel Flux OpP Flux Beta Stagewise Pressure Perm. Element Element Py x
Stage Flow  Feed Conc Max FPerm. Boost Conc TDS Type Quantity Elem#
m3h math m3afh Imh har Imh bar har har |

1-1 g024 feife] 4.8 139 14 29 1,08 11 0 587 33e1 SWICE MAX 1582 226 %7
lan {mofl) Rawe Water Feed Water Permeate Water Concentrate 1
Hardness, as CaCO3 6586 .89 HE586,89 13417 11961 4
Ca 520,00 520,00 1,058 9443
[Hio] 1280,00 1280,00 2 628 2342 .6
Ma 12457 00 12457 .00 121,552 22842 6
K 432,00 432,00 5,266 7809
MH4 0,00 0,00 0,000 00
Ba 0,020 0,020 0,000 0o
Sr 5,250 5,250 0,011 95
co3 317 317 0,000 187
HZO3 150,00 150,00 2470 2606
S04 4290,00 4290,00 9,849 7789.5
Cl 21000,00 21000,00 182 485 380124
F 0,31 0,31 0,008 06
[RLSX] 11,00 11,00 0,745 194
P4 0,00 0,00 0,000 oo
Si02 8,50 8,50 0,088 154
B 5,00 5,00 1,931 7.5
cio2 428 4,28 4,28 4,28
TDS 40172,25 4017225 338,07 72740,93
pH 7,22 7,22 5,93 747
Saturations Raw Water Feed Water Concentrate Limits
Casog fksp™ 100, % a8 a8 a0 400
Sr504 7 ksp * 100, % 24 24 a0 1200
BasSO4 fksp® 100, % 113 113 224 10000
Si02 saturation, % 7 7 12 140
CaF2 /ksp * 100, % 0 0 1] 1000
Cal3(PO4)2 saturation index 0,0 o0 0.0 1.0
lonic strength 0,80 0,80 144
Csmotic pressure, bar 29,0 280 524

Product perforrance calculations are based on norrinal elernent performance when operated on ateed water of acceptable quality. The results shown on the printouts produced by this program are
estimates of product performance. Mo guarantee of product or sy stem performance is expressed or implied unless provided in a separate warranty statement signed by an authorized Hy dranatics
representative. Calculations for chemical consurmption are provided for convenience and are hased on various assumptions concerning water quality and composition. As the actual amount of cherrical
needed for pH adjustent is feedwater dependent and not merbrane dependent, Hy dranautics does not warrant chermical consumption. I a product or systemwarranty i reguired, please contact your
Hydranautics representative. Mon-standard or extended warrartie s rray resutt in differert pricing than previousl quoted. Version: 1.214.57 %

Errail : imsd-supportdydran autic sprojections.net

www.membranes.com  +760-901-2500

Source: GS Inima

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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Permeate Throttling (Variable) Permeate Throttling [Variable)
Project name FORTALEZA Page : 2/3 Project name FORTALEZA Page : 3/3
Calculated by nsc Permeate flow 90270 m3/h Termperature 2r0 °C Elernent age, F1: 3.5 years
HP Pump flow 2006,00 math Raw wiater flow 200600 madfh
Feed pressure B0,0 bar Permeate recavery 4500 %
Feed temperature 270 *C(BOE°F) Element age 3.8 years
Feedwater pH 7,22 Flux decline %, peryear 7.0
Chem dose, mafl, - Mone Fouling factor 078
Specific energy 4,85 hnhim3 5P increase, peryear 100 %

PassMNDP 18,8 bar *\\
Average flux rate 14,0 Imh

Feed type Sea Surface Conventional : \ @
Pass- Perm. Flow / vessel Flux DF  Flux Beta Stagewise Pressure Perm. Element Element  PV#x :

Elem#
M ax
Stage Flowe Feed Canc Perm. Boost Conc TOS Type Cluantity
math marth m3th Imh har Imh bar har har mgfl
1-1 902 4 89 48 138 14 28 1,08 1 0 58,7 3381 SWWICSE MAK 1582 2Bx7
Permeat Permeate
Pass- Element Feed FPressure Caonc NDP  eWater Water Beta Fermeate (Passwise cumulative)
Stage no. Pressure Drop Osmo Flow Flux TDS Ca Mg Na cl "-: 3 ‘:
har har har har m3sh Imh
141 1 il 03 334 264 12 28 1058 1217 0,381 0944 43731 68248
1-1 2 59,7 02 378 214 04 214 1.04 147.8 0,463 1.148 53,149 B4.183
141 3 595 0z 418 174 0.7 18,5 103 177.3 0,555 1377 B3.737 10083
1-1 4 59,3 02 454 133 0.5 1,7 103 2123 0,665 16849  TE3Z 120845
1-1 g 59,1 02 483 10,2 0.3 8.3 102 2812 0,786 1851 80,294 142088
1-1 5 584 0.1 508 7.8 0.2 58 102 2832 0,818 2278 105415 166938
1-1 7 58,8 o1 524 5.8 0.2 4.2 1.01 3381 1,084 2B28 121,552 1024085
Stream Mo Flow (m3fh) Pressure (bar) TDS oH B
1 2006 1] 40172 722 5,00
2 2006 60,0 40172 722 5,00
3 1104 58,7 72741 TAT 7.81
4 902 1,10 338 593 1493
Product perforrance calculations are based onnorrinal element performance when operated on a feed water of acceptable guality. The resutts shown on the printouts produced by this program are Product peforrrance calculations are based on norrinal elerment perfarrmance when aperated on & feed water of acceptable quality. The results shown on the printouts produced by this program are
esfirates of praduct performance. Mo guarantee of product or system performance is expressad or implied unless provided in a separate waranty statement signed by an authorz ed Hy dranadtics estirmates of product performance. Mo guarantee of product or sy stem performance is expressed or implied unless provided in @ separate warranty statement signed by an atthorized hydranadtics
representative. Calculations far chemical consumption are provided for convenience and are hased on various assumptions concerning water quality and eormpasition. As the actual amount of cherrical represertative. Calculations for chemical consurption are provided for convenience and are based on various assumptions concerning water quality and composition. As the actual amount of cherrical
needed for pH adjustrrent is feedwater dependent and not merrbrane dependert, Hydranautics does notwarrant chemical consumption. If a product or sy s emwarranty is required, please contact your needed for pH adjustment is feedwater dependent and not rmerrbrane dependent, Hydranautics does not warrant chermical consumption. If a product or system warranty is required, please contact your
Hydranautics representative, Non-standard ar extended warrarties may result in difierent pricing than previously quaoted. Version: 1.214.57 % Hydranautics representative, Non-standard o extended warranties ray result in different pricing than previously guoted. Version: 1.214.57 %
Ermail : Imsd-suppart@hy dranauticsprojections.net www.membranes.com . +780-901-2500 Ermail : imst-support@hy dranautic sprojections.net www.membranes.com . +760-301-2500

Source: GS Inima

21029¢

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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Nitto F8R2AITCS

Permeate Throttling (Variable)

Project name FORTALEZA Page : 143
Calculated by nsc Permeate flow 402,70 m3th
HP Pump flow 2006,00 m3/h Raw water flow 2006,00 m3/h
Feed pressure 596 bar Permeate recavery 4500 %
Feed temperature 30,0 *C(Ba,0°F) Element age 3.5 years
Feed water pH 722 Flux decline %, peryear 7.0
Chem dose, mg/, - Mone Fouling factor 0,78
Specific energy 4 82 kwh/m3 SPincrease, peryear 100 %
Pass NDP 180 bar
Average flux rate 14,0 Imh
Feed type Sea Surface Conventional
Pass- Perm Flow / Wessel Flux (Bl Flux Beta Stagewise Pressure Perm. Element Element  PW¥#x
Stage Flow  Feed Conc Maix Ferm. Boost Conc TDS Type Quantity Elem#
maih m3h maih Imh bar Imh bar bar bar mgfl

1-1 9024 88 449 139 1.3 304 1,05 11 0 583 3825 SWICT MAX 1582 226 %7
lan (mad) Raw VWater Feed Water Permeate Water Concentrate 1
Hardness, as CaCO3 6586,89 6586,89 15,184 11860,1
Ca 520,00 520,00 1,199 9442
Mg 128000 12580,00 2,974 23423
MNa 1245700 1245700 137 525 225288
K 43200 432,00 5,057 7803
NH4 0,00 0,00 0,000 0.0
Ba 0,020 0,020 0,000 oo
Sr 5,250 5,280 0,012 95
ca3 3583 353 0,000 173
HZO3 150,00 150,00 2,794 2584
S04 429000 4230,00 11,146 77885
Cl 2100000 21000,00 217,792 379922
F 031 0,31 0,006 06
NQ3 11,00 11,00 0,641 193
PO4 000 0,00 0,000 1}
Sio2 B.&0 B.50 0,066 154
B 500 5,00 2175 73
caz 408 4,05 4,05 405
TDS 40172 .61 40172 61 38249 72706.32
pH 7,22 7,22 5,99 747
Saturations Raw Water Feed Water Concentrate Limits
CasS04 fksp™ 100, % ar 37 78 400
Sr504 / ksp 100, % 23 23 4a 1200
Bas04 fksp ™ 100, % 113 194 224 10000
Si02 saturation, % G & 1 140
CaF2 fksp =100, % a ] ] 1000
Ca3d(PO4)2 saturation index o0 o0 o0 1,0
lonic strength 080 0,80 144
Osmotic pressure, bar 29,2 29,2 529

Product peforrmance caloulations are based on norrinal elerment perforrmanc e when operated on a feed water of acceptable guality. The results shown on the prirtouts produced by this program are
estirmates of product performance. Mo guarantee of product or systerm performarice is exgressed or implied unless provided in a separate waranty staterment signed by an athorzed Hydranautics
representative. Calculations for cherrical consurrption are provided for convenience and are based on various assurptions concerning water guality and compostion. As the actusl amount of cherrical
needed for pH adjustrent is feedwater dependent and not membrane dependent, Hydranautics does not warrant chemical consurmption. If aproduct or system warranty is required, please contact your
Hydranautics representative. Mor-standard or extended warranties ray resuft in different pricing than previousy guoted. Version: 1.214.67 %

www.membrangs.com _ +760-901-2500

Etrail * irsd-suppot@hy dranadtic sprojections net
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Integrated Membranes Solutions Design Software, 2015

Created on; 0801,/2013 07:52:04

Nitto &5 RRNAUTSS

Permeate Throttling (Variable)

Project name FORTALEZA Page : 2/3
Calculated by nst Fermeate flow 902,70 math
HP Pump flow 200800 m3h Raw water flow 2006,00 marh
Feed pressure 59,6 har Fermeate recovery 4500 %
Feed temperature 30,0 °C(BB,0°F) Element age 3.5 years
Feed water pH 22 Flux decline %, per year 7.0
Chem dose, ma/l, - MNone Fouling factar 0,78
Specific energy 482 lwhim3 3P increase, per year 10,0 %
PassNDP 18,0 har
Average flux rate 14,0 Imh
Feed type Sea Surface Conventional
Pass- Perm Flow / Vessel Flux DP Flux Eeta Stagewise Pressure Perm. Element Element  PV#x
Elem #
M ax
Stage Flows Feed Conc Perm. Boost Conc TDS Type Quantity
m3ih maih m3th Imh bar Imh har har bar mgyl
1-1 59024 BAa 4.9 13.49 1.3 304 1.05 il 0 58,3 3825 SWICE MAX 1582 226 %7

Permeat Permeate

Pass- Element Feed Pressure Conc NOP e '\Water  Water Beta Permeate (Passwise cumulative)

Stage no. Pressure Drop Csmo. Flow Flux TDS Ca Mg Ma Cl
har bar bar bar math Imh
1-1 1 596 02 34 255 1.2 04 108 1318 0,411 1021 47,283 74826
1-1 g 593 0.2 386 203 04 224 105 162 0,607 1,267 B6B,205 89217
141 3 59,1 0.2 428 16.2 0.7 165 103 196,2 0,674 14523 70,508 111.64&
1-1 4 588 0.2 46,3 12:1 0.5 1.4 103 236 9 0,742 1,84 B5185 134865
1-1 g 88,7 0.2 491 g 0.3 748 102 2822 0,884 2,192 101,427 18082
1-1 5 586 01 513 5.8 02 5.8 102 3308 1,036 2571 1181524 188331
1-1 7 584 0.1 528 5 0.z 34 1,01 3825 1,199 2974 137,525 217,792

Product petforrrance calculations are based onnorringl element performance when operated on a feed water of acceptable quality. The results shown on the printouts produced by this program are
estirrates of product perforrrance. Mo guarantee of product or system performance is expressed or implied unless provided in & separate waranty statemert signed by an authorzed Hydianadtics
representative. Calculations for chemical consurmption are provided for convenience and are based on various assumptions concerning water guality and compostion. As the actual amount of cherrical
needed for pH adjustrmert is feedwater dependent and not merrbrane dependert, Hy dranautics does notwarrant chemical consumption. 1T & praduct or system warranty is regquired, please contact your
Hydranautics representative, Mon-standard or extended warrarties rray result in different pricing than previousy guoted. Wersion: 1.214.57 %

Errail : imed-suppart@hydranauticsprojections.net www.membrangs.caom . +760-901-2500

Source: GS Inima

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860



“‘& Cagec 3o Apun & Esgoto

do Ceard

Integrated Membranes Solutions Design Software, 2015

Created on: 0001/2018 07:52:04

Nitto 55RNATCs

Permeate Throttling (Variable)

Praject name FORTALEZA Page : 3/3
Temperature ; 30,0 G Elementage, P1: 3.5 years
Stream Mo. Flows (m3fh) Pressure (bar) TDS pH B
1 2006 0 40173 722 500
2 2006 59,8 40173 722 500
3 1104 58,3 72708 747 731
4 902 1,10 382 5,99 2

Product perforrrance calculations are based on nomrinal element perforrmance when operated on a feed water of acceptable gquality. The results shown on the printouts produced by this program are
estimates of product performance. Mo guarantee of product or system performance is expressed or implied unless provided in 2 separate wamranty statermert signed by an authorzed Hydanautics
representative. Calculations for cherical consurmption are provided for convenience and are based on various assumptions concerning water guality and cormposition. As the actual amount of cherrical
needed for pH adjustrrent is feecwater dependent and not rmermbrane dependent, Hydranautics does not warrant cherical consurmption. If a product or systermwarranty is required, please contact your
Hydranautics representative. Mon-standard or sxtended warranties rmay resutt in differert pricing than previousty quoted. “ersion: 1.214.57 %

Errail : imsd-suppartihy dranautic sprojections.net

21229¢

www.membranss.com

+760-901-2500

Source: GS Inima

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil

Fone: (85) 3101.1719Fax: (85) 3101.1860
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8,0

NUMERO DE TUBOS DE PRESSAO/LINHA 226
NUMERO DE MEMBRANAS/TUBO PRESSAO .
Fortaleza

ESTRUTURA MULTIPORT
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Planta de Fortaleza

CALCULOS HIDRAULICOS
SAIDA DO PRODUTO DA ESTRUTURA

Cota geométrica da entrada tanque de aspiracéc 9,00 m Tipo de fluido agua permeada
Cota geométrica da altura minima em tanque aspir: 55m
Cota geometrica ponto médio da estrutura 9,75 m Temperatura do fluido bombeado: 27 oC
Densidade do fluido bombeado: 0,9967 Kg/l
vazdo de produto: 3.610,8 m3/h Viscosidade do fluido bombeado: 0,8538 cp.
Fator de segurancga perda atrtito 20 %
vazdo total de agua de produto por linha 902,7 m3/h
Altura del tanque de armazenamento 40 m
vazdo total de dgua de produto a bombear: 3.600,0 m3/h Volume do tanque de armazenamento 1.800 m3
Tubulagdo - . Numero de Perda de Comprimento | Outras perdas Perda de .
- - - Vazao Velocidade L . Perda por segio
DN D interior Material Reynolds | carga unitaria| equivalente de carga carga total
(mm.) (mm.} R (m3/h} (m/s) R {m.c.a./Km.) {m} (m.c.a.} {m.c.a.} (m.c.a.)
Seciio da 32,0 23,2 POLIPROPI 4,0 2,62 71.085 337,70 6 0,17 2,2
et 110,0 79,8 POLIPROPI 39,9 2,22 206.664 58,53 16 4,34 5,2
_— 300,0 300,0 PRFY 4514 1,77 621.192 9,46 22 0,24 0,4 131
400,0 400,0 PRFY 902,7 2,00 931.788 8,41 129 0,20 13
planta 800,0 800,0 PRFV 3.600 1,99 1.858.001 3,73 400 0,30 1,8
SAIDA DO PRODUTO DA ESTRUTURA SAIDA PRODUTO ESTRUTURA 22 PASSO
Altura geométrica a partir da estrutura a tanque aspiragdo -0,75 m.c.a. Altura geométrica a partir da estrutura a tanque aspiragdo #VALOR! m.c.a.
Perda de carga nas tubulagGes de impulsdo bomba 13,1 m.c.a. Perdas de carga em tanque intermediaric #VALOR! m.c.a.
Perdas de carga no misturador estatico:" 0,90 m.c.a. Perdas de carga no misturador estatico:" H#N/A m.c.a.
Pressdo do produto a saida estrutura 12 passo: 1,30 bars Pressdo do produto a saida estrutura 22 passo: #VALOR! bars
Perda de carga na vélvula de controle: 4,31 m.c.a.
Pressdo produto a tanque armazenamento: 0,09 bars Pressdo produto a tanque armazenamento: H#N/A bars
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SAIDA DO PRODUTO DA ESTRUTURA: CALCULO DO COMPRIMENTO EQUIVALENTES

SECAD DA ESTRUTURA A TANQUE DE PLANTA

DIAMETRO 32 110 300 400 800

SERVl(;O SAIDA DO TNUBU DE TUB. HORIZON COLUNA DE SAIDA | COLETOR DE SAIDA | COLETOR PRODUCA
PRESSAD COLETA PRODUZIDO DAESTRUTURA DA ESTRUTURA TANQUE PLANTA

COMPRIMENTO RETO 3 10 13 22,6 200

CURVA 902 (RAIO COMPRIDO)

CURVA 902 (STANDARD) 1 1 1 2 2

CURVA 452 (STANDARD) 1

CURVA 452 (RAIO CURTO)

TE 1 1

TE

VALVULA BORBOLETA 1 1 1

V. RETENCEO 1 1

V. GLOBO

V. COMPOERTA

V. ANGULO

COMPRIMENTO EQUIVALENTE 5,88 15,5 22 129 400

ENTRADA 1 1 1

SAIDA 1 1 1

REDUCAQ

ALARGAMENTO 250

SOMA DO COEFICIENTE K 0,5 17,34963459 1,5 1 1.5
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COLETOR DE PRODUTO (DN- 800)

Fortaleza

CALCULOS HIDRAULICOS

SAIDA DO PRODUTO DA ESTRUTURA
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4.- POS TRATAMENTO E BOMBEAMENTO DO PRODUTO

550f83

Planta de Fortaleza

4.- POS TRATAMENTO E BOMBEAMENTO DO PRODUTO

4.0.- COMPOSIGAO DO PRODUTO DA SAIDA DAS VIENMBRANAS

CALCULO DAS DOSAGENS

Calcio 2,20 mg/L Bicarbonato 2,80 mg/L
Magnesio 3,00 mg/L Sulfato 11,50 mg/L
Sodio 140,00 mg/L cloro 224,00 mg/L
Potassio 6,00 mg/L Carbonato 0,00 mg/L
Estroncio 0,01 mg/L STD 391,71 mg/L
Bério 2,20 mg/L Anh. Carbd 5,81 mg/L
Temperat. 27,0 eC pH 5,83
4.1.- DOSAGEM DE ANHIDRIDO CARBONICO
C02 + H20 - CQO2 dissolvido
44 a4
35,00 ¥5
¥5 = -35,00 mg/L
CONMPOSICAO IONICA ATRAVES DA DOSAGEM
c03 = 0,00 mg/L
Ca™= 2,20 mg/L S04 = 11,50 mg/L
Mg™ = 3,00 mg/L = 224,00 mg/L
Na*= 140,00 mg/L CO3H = 3,25 mg/L
K= 6,00 mg/L TDS = 392,17 mg/L
S = 0,01 mg/L Co2= 40,48 mg/L
alcalinidade 2,67 Condu(252C)= 791,44 pmhos/cm.
pH(inicial)= 5,83 pH(final)= 5,05
Dureza como carbonato de calcio 17,84 mg/L
Indice de Langelier= -5,66

Source: GS Inima
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Planta de Fortaleza

4.- POS TRATAMENTO E BOMBEAMENTO DO PRODUTO

CALCULO DAS DOSAGENS

DOSAGEM DE HIDROXIDO DE CALCIO

Ca(OH2 + 2CO2 --mmmmmmn 2(CO3H)}- + Cat+

74 88 122 40

35,00 Y5 ¥3 X4
X1= 18,93 mg/L

¥Y3= 57,64 mg/L
Y5= 41,58 mg/L
COIVIPOﬁ(;AO IONICA ATRAVES DA DOSAGEM
03" = 1,32 mg/L
(i 21,13 mg/L S04 = 11,50 mg/L
Mg = 3,00 mg/L Cl = 224,00 mg/L
Na’ = 140,00 mg/L CO3H = 57,53 mg/L
K= 6,00 mg/L TDS = 466,70 mg/L
g 0,01 mg/L c02= 0,36 mg/L
alcalinidade 49,39 Condu(25°C)= 878,74 umhos/em.
pH(inicial)= 5,05 pH(final)= 8,35
Dureza como carbonato de calcio 65,12 mg/L
Indice de Langelier= -0,15

4.- POS TRATAMENTO E BOMBEAMENTO DO PRODUTO

CALCULO DAS DOSAGENS

DOSAGEM DE FLOURSILICATO DE SODIO

F6SiNa2 -——— BF- + 2Na+ + Sid+
188 114 46 28
1,00 Y2 X3
Y2=
X3(Na+) = 0,24 mg/L

0,61 mg/L

COMPOSICAO IONICA ATRAVES DA DOSAGEM
Fluor= 0,61 mg/L Co3 = 0,64 mg/L
Ca" = 21,13 mg/L 5047 = 11,50 mg/L
Mg = 3,00 mg/L a = 224,00 mg/L
Na' = 140,24 mg/L CO3H = 57,69 mg/L
K= 6,00 mg/L TDS = 466,42 mg/L
st = 0,01 mg/L co2= 0,74 mg/L
alcalinidade 48,38 Condu{25°C)= 877,78 umhos/cm.
pH(inicial)= 8,35 pH(final)= 8,03
Dureza como carbonato de calcio 65,12 mg/L
Indice de Langelier= -0,47

Source: GS Inima
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4.- POS TRATAMENTO E BOMBEAMENTO DO PRODUTO

CALCULO DAS DOSAGENS

DOSAGEM HIPGCLORITO DE SODIO

CIONa + H20 - CIOH + NaOH
74,4 18 52,5 40
10,33 Y2 X3

A guantidade do produto a dosar dependera a quantidade de
materia organica a eleminar, portanto é um dado que deverd ser ajustado
na operacdo. N3o obstante a experiencia nos diz que uma dose
do produto de mg/L como cloro livre, € suficiente em geral

Y2= 4,92 me/L

X3= 3,19 meg/L

COMPOSICAO IONICA ATRAVES DA DOSAGEM
Fluor= 0,61 mg/L co3 = 2,40 mg/L
s 21,13 mg/L 504" = 11,50 mg/L
Mg = 3,00 mg/L cl = 227,33 mg/L
Na‘= 143,44 mg/L CO3H = 56,66 mg/L
K= 6,00 mg/L TDS = 473,67 mg/L
Srtt= 0,01 mg/L co2= 0,19 mg/L
alcalinidade 50,48 Condu(25%C)= 893,39 pmhos/cm.
pH(inicial)= 8,03 pH(final)= 8,61
Dureza como carbonato de calcio 65,12 mg/L
Indice de Langelier= 0,11

Source: GS Inima
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4.- POS TRATAMENTO E BOMBEAMENTO DO PRODUTO

4.1.- DOSAGEM DE ANHIDRIDO CARBONICO

vazdo de agua a tratar:

Dose do produte pure

Riqueza de produtc comercial

Censidade do preduto

Quantidade do produto a dosar

Quantidade do produto comercial

Vazdo do produto a dosar

Numero de vaporizadores de CO2 em operagao
Numero de vaporizadores de CO2 em reserva:
Vazdo normal da dosagem

Vazdo maximo da dosagem

Pressdc de descarga

Poténcia do motor

Tempo de reserva do preduto armazenado
Numere de tanques de armazenamento
Capacidade de cada tanque de armazenamento
Tempo real de reserva no armazenamento
Censumae anual de produto por este conceito

m3/h
mg/L.
%
%
gr/h
kg/h
I/h
Uds.
Uds.
kg/h
kg/h
bars
Kw

dias
Uds.
Ton
dias
Ton

DESENHO DOS EQUIPAMENTOS DE DOSAGEM

3.611
35
100
1,03
126.378,0
126,4
123

1

1

126
250

30

40
27,9
1.061,6

Source: GS Inima
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4.2.- DOSAGEM DE HIDROXIDO DE CALCIO

4.2.1.- TANQUE DE LEITE DE CAL

vazdo de cal:

Concentragéo da leite de cal

Numero de tanques de leite de cal:

Volume do tanque de leite de cal:

Tempo disponivel para preparar uma cuba de leite
vazac de bombas de agua de cal

Pressdo de descarga

Poténcia do motor

Numero de bombas de agua de cal em oper.:
Numero de bombas de agua de cal em reser.:
Diametro do tanque de cal:

Altura do tanque de cal:

Potencia do agitador dacal:

4.2.2.-SILOS DE CAL

Numero de parafusos dosador

Capacidade de cada parafuso doesador
Potencia do motor do parafuse

Tempo de reserva do produtc armazenado
Consumo anual de produte por este conceito
Numero de silos de armazenamento

Volume de cadasile

Tempo real de reserva nc armazenamento

m3/h
%
Uds.
m3
minutos
I/h
bars
Kw
Uds.
Uds.
m
m
kW

Uds.
kg/h

dias
Ton
Uds.
m3
dias

1,40
10

7,10
303,4
351

0,04

B R

2,0
138,86

30
1.179,5

100,0
29,7

Source: GS Inima
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DOSAGEM DE FLOURSILICATC DE SODIC

vazao de agua a tratar: m3/h 3.611
Dose do produto pure mg/L. 1,00
Riqueza de produtc comercial % 98
Diluigdo do produte % 10
Quantidade do produto a dosar gr/h 3.610,8
Quantidade do preduto comercial kg/h 3,7
Vazde do produto a dosar I/h 37
Numero de bombas dosadoras em operacdo Uds. 2
Numero de bombas dosadoras em reserva Uds. 1
Vazde da dosagem por bemba I/h 18
Vazao nominal da bomba dosadora I/h 40
Pressdo de descarga bars 8
Poténcia do motor Kw 0,22
Tempo minime da dissolugde disponivel horas 24
Numero de tanques de dissolugdc Uds. 2
Voelume de cada tanque litros 1.000
Tempo real de dissolugde disponivel horas 54,3
Tempo de reserva do produto armazenado dias 30
Quantidade de produte a armazenar Ton 2,6
Consumo anual de produto por este conceito Ten 30,9

Source: GS Inima
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DOSAGEM HIPOCLORITC DE SODIC

vazao de agua a tratar:

Dose do produto puro

Rigueza de produto comercial

Densidade do produtc

Quantidade do produtc a desar
Quantidade do produtc comercial

Vazde do produte a dosar

Numero de bombas dosadoras em operagado
Numero de bombas dosadoras em reserva
Vazde da dosagem por bomba

Vazdc nominal da bomba dosadora
Pressdo de descarga

Poténcia de motor

Tempo de reserva do produtc armazenade
Numero de tanques de armazenamento
Volume de cada tanque de armazenamento
Tempo real de reserva nc armazenamentc
Consumo anual de produto por este conceite

m3/h
mg/L.
gr/l
Ke/l
gr/h
I/h
I/h
Uds.
Uds.
I/h
I/h
bars
Kw

dias
Uds.
m3
dias
Ten

3.611

120
1,24
3.610,8
30,1

30

15

30

0,37

30

12
316
313,4

Source: GS Inima
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4. Product Water Pumping

Treated Water Pumping Station

City of Fortaleza-CE

1. Intake Flow Chart Summary

Pumping time ( Tp ) ------------mmmmmmmmmm oo 24 h
Highest demand day coefficient ( k1 ) -------------=------m-mmmmem - _ 1.20
3,600.00 m3¥h
System FIOW ------=-=mnemmmmm oo QaaT(10) 1000.00 L/s
1.00000 m3/s
2. Product Water Pressure Main - AAT-1
Length (L) - (Staking + Reserve + covering) ------- 1,343.00 m
Economic diameter (D' ) ------------=-mmmmmmmmmmee : 1,0xQ"0,5 : 1,000.00 mm
Adopted diameter ( D ) -----------m-mmmmmmmmmmemeoe oo Diameter 1,000 mm
External diameter (Dext) ------------------=-=-=-m----- 1,000 mm
Thickness (E) -----------======mmommm oo eee 59.30 mm
Internal diameter (Di) -----------=-==-m-mmmmmmmmememeoem 881.40 mm
_ Q
Velocity (V) ------mmmmmmmm oo —_—: 1.64 m/s
X (D/2) 2
3. Treated Water Pumping Station - EEAT
Pressure piping rate --------------------mmmmmmmemememeeoe ; Cr 84.61 m
22429t

Suction rate --------------mm-mme oo : Cs 13.49 m
Geometric height (Hg ) ---------------=--------- : Cr-Cs 71.12 m
4. Calculation of Head Losses Throughout Piping
4.1. Head losses throughout piping
Temperature -------------=-=-m-mmmmm oo 20 °C
v (Kinematic Viscosity) --------===-====mmmmmmmomee e ;| 1.01E-06 m?/s
¢ (Roughness Coefficient) -------------------mmememeoeem 0.00150 mm
g (Gravity) =-----=-m-mmmmm oo VD 9.81 m/s?
Re = ?
Reynolds Number (Re) ------------------ememmmem- ; 11 1,434,523
1 21 < € 4 2,51>
= 2log| ——
77 S\371D " rJf
Friction Factor ------------=-=mm oo 0.0110000
oo L V2
r - fD 29

Distributed head loss

Head loss by length (J)

Material Coefficient ( K') ------------mmmmmmmmmm oo

Piping Thickness ( E ) ----------=-m-mmmmmmmmm oo

4.2. Local Head Loss

Gravity acceleration (g ) -------=-======m=mmmmmmmmmmm oo

Suction flOW =----=-==-m oo

0.001506 m/m

2.02254 m

18.0

59.3 mm

9.807 m/s?

250.000 /s

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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Fone: (85) 3101.1719Fax: (85) 3101.1860

|



Q Companhia
_—\ a e‘ e de Agua e Esgoto
do Ceara

Suction diameter =-=-=-=-=s==memememem e e eeeee 1,000.00 mm
External diameter (Dext) -----------=--=-==-mmemmmmmmme- 1,000 mm
Thickness (E) ---------=-=-==mmmmmm oo 59.30 mm
Internal Diameter (Di) --------=-=-==m-mmmmmmmmm oo oo eee 881.40 mm
Suction velocity (V) ------m=m=m=mmmmmmmmm oo 0.410 m/s
SUCTION

PARTS Qtde KLTJNI KroTaL

Sieve ;| 01 |x|0.75: 0.75

Foot valve with sieve (] 01 |x|1.75: 1.75

90° curve :1 01 [x|0.40|: 0.40

Gradual reduction 1104 x|0.15]: 0.60

Dismantling joint ;11 05 [x|0.20: 1.00

Connection, bilateral outlet : 03 [x[1.80: 5.40

Connection, lateral outlet : 02 [x[1.30: 2.60

Open Butterfly Valve (General) ;1 | 05 |x|0.30|: 1.50

Suction Coefficient K -----=-==m-mmmmmmm oo 14.00
Suction head loss (hs) ------------------- Ks x (V?/29) 0.12 m

PRESSURE LINES
PARTS Qtde K:NI KroTaL
Gradual enlargement 1| 04 |¥0.30|: 1.20

22529¢

90° curve 02 |%X0.40/: 0.80
22'30° curve 02 [¥0.10: 0.20
Dismantling joint 04 |x0.20: 0.80
Connection, lateral outlet 04 |x1.30]: 5.20
Connection, bilateral outlet 01 |x1.80]: 1.80
Connection, direct passage 01 |x0.60: 0.60
Check valve 04 |x2.50]: 10.00
Open Butterfly Valve (General) 04 [ 0.30]: 1.20
Pressure line coefficient K --------=-==-mmmmmmmm oo 21.80
Pressure line head loss ( hr) ------- Kr x(V?/2g) 299 m
Local head loss ( ht) ------------------- hr + hs 3.11 m
4.3. Total head loss
Total head loss ( Hy ) -------------=-=----- J + h 513 m
5. Manometric Head Calculation
Total head l0Ss ( Hj ) ------=-===-=mmmmm oo : 513 m
Geometric Height ( Hg ) --------=-===mmmmmmm oo ; 71.12 m
Manometric head ( Hman ) ------------=-=-=-=------ (Hg + Hj) 76.25 m
6. Piping Overpressure Analysis
Material Coefficient ( K ) -----=-m-m-mmmmmmm oo ; 18.0
Piping Thickness ( E ) --------------m-mmomomm oo ; 59.3 mm

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
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Piping Diameter ( D ) ------=-===-mmmmmmmmmmmm oo

Speed (C ) -----=-=mmmmmmmmmmeme e

Added Pressure (Ha ) ------------=-----------

Maximum Demand Pressure ( Pmax. )

9900

(48,3 + K X
D/E )5

CxVl/g

Ha + Hman.

881 mm
557.06 m/s

93.10 M¢

169.34 MC

a

a

7. Pump Sizing

According to José Maria de Azevedo Netto, in practice, an allowance should be
permitted for electric motors. The following additions are recommended:

Para as pumps until 2 cv

For pumps from 2 to 5 cv

For pumps from 5 to 10 cv

For pumps from 10 to 20 cv

For pumps with more than 20 cv

50
30
20
15
10

Brazilian electric motors are normally manufactured with the following powers:
cv: 1/4; 1/3; 1/2; 3/4; 1; 1 1/2; 2; 3; 5; 6; 7 1/2; 10; 12; 15; 20; 25; 30; 35
cv: 40; 45; 50; 60; 80; 100; 125; 150; 200 e 250

The engines are made to order for higher powers. The manufacturer catalogs have
electric motor powers manufactured differently from those specified above.

7.1. General Project

Number of Pumps Expected (N ) ---------=-=--==--=---

Number of Pumps Operating Simultaneously (n)

Pump Yield -----—-—-~-—-——mmmrem -
Motor Yield ~-—--~--~~—=mm=mm—mem e

Lifting Equipment Yield () -----------=-=-=-=-m-m-mmmmo-

Pump Flow ( Q ) -----=-m=mmmmmmmmm oo

22629¢

05

04

80.00
90.00

%
%

72.00

%

250.00

L/s

Specific water weight (Y ) --------=-=--==m-mmmmmmm oo 1.00 Kgf/L
Atmospheric pressure ( Pa ) ------=-=-====m=m=m=mmmmmmmmmm oo 0.95 2Kg/m
Vapor pressure at 30°C ( Py ) --------=-=-m-mmmmmmmm oo 0.0458 2K g/m
Service Factor ( FS ) ------mmmmmm e e 1.10

FS X VX 97.04 CV
PUmp Power (PO ) ===-===mmmmmmmmmmmmmmmmmeee Q X Human

nx 75 x

n

Pump Axis Rate ( Ces ) -----------=-==--mmmmmmmm oo 15.00 m
Suction rate ( Cs ) =---=-m=m=m=mmmmmmm e 13.49 m
Suction local head loss ( hs ) ---------=-==--=-m-m-mommme 0.12 m

10 X (pa-pv
Available NPSH ( NPSHq ) ------------------------- Iy - hi+ (Ces 10.43 m

-Cs)
7.2. Pump Characteristics Summary Board
Adopted Power (P ) ----m-mmmmmmm oo 400.00 CV
m3/
Pump Flow ((Q ) =---m-mmmmm e 900.00 h
Manometric Head ( Hman ) ---=-=-=======mmmmmmmm oo 76.25 m
7.3. Suggested Pumps

*PUMPS
Type of pump -----=-===mmmmmmm oo HIGRA R2-390
POWeT —-mmmm e 400.00 CV
SerViCe flOW =-mmmmmm e 900.00 m3/h
Manometric Head for Service FIOW --------=-=-mmmmmmmm oo 76.25 m
Rotor Diameter =----------mmmom oo oo e oo e 330.0 mm
Rotor Velocity ---------==-mmm oo 1,750 rpm

Cagece — Companhia de Agua e Esgoto do Ceara
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Required NPSH (NPSH;y) --------- —mmmmemmeeeee- ; 580 m
Suction flanges----------=-=-=-=-mm-mmm oo - 1,000 mm
Pressure Flanges ------------mmmmmm e e : 1,000 mm

* Adopt suggested pump or similar

7.4. Characteristic System vs. Pump Curve

Curva caracteristica do sistema x pump
120
100
= |
- )i S
g 60 ; 5.- SISTEMAS AUXILIARES
;§ |
|
40 : ~
|
|
20 |
|
|
O T T T T ! T T T T 1
500 600 700 800 900 1000 1100 1200 1300 1400 1500
Vazio (I/s)
Curva da Bomba Curva do Sistema
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5.- SISTEMAS AUXILIARES

5.1.- BOMBAS E TANQUES DE LIMPEZA QUIMICA
o equipamento esta desenhado para lavar:
Numero de tubos a lavar simultaneamente:
vazdo por tubo de pressao

Perda de carga maxima no Tubo de Pressdo
Velume adicional nas tubulagtes de conexac
Numero de bombas de lavagem em operacdo
Numero de bombas de lavagem em reserva:
vazdo da boemba:

Volume para encher antes de retornar ac tanque:

Velume minimo de seguridade ne tanque:
Velume minimo do tanque de lavagem
Velume do tanque selecionado:

Tempo de retencdo

Tempo estimade entre duas limpezas quimicas:

Tempo de aquecimento
Potencia total das resistencias de aquecimento

22829¢

Teodaa linha
226
5
3,45
41,9
2
0
565,00
74,93
29,7
105
110
5,8

Uds.
m3/h
bars
m3
Uds.
Uds.
m3/h
ma3
m3
m3
m3
minutos

51 dias

8,0
208

horas
Kw

Source: GS Inima

Planta de Fortaleza

5.- SISTEMAS AUXILIARES

5.2.- FILTRQCS DE CARTUCHC

vazdo de agua de lavagem a filtrar:

Tipe de filtros

Posicde dos filtros

Velocidade maxima em conexdes
Tipe de cartuchao

Modele de cartuche:

Material del cartucho:

Niumere de cartuchos por filtro:
Poder de corte do cartucho:
Eficiencia da filtracdo

Beta ratio:

Vazdo maximo por cartucho:
Vazdo real por cartucha:
Diametro del cartucha:
Comprimento do cartucho
Superficie filtrante do cartucho
Perdade carga

Perda de carga maxima admissivel
Perda de carga maxima desenho
Numere de filtros:

Diametro interne de filtro
Altura do corpo do filtro:
Pressdo de desenhoe do filtro:

Velocidade de filtragdo em operacgido

Separacdc entre cartuchos:

1.130,00 m3/n

Cartucho
Vertical
1.8
FP-1
BOBINADO-1
POLIPROPIL.
348
10
99,600%
5.000
3,255
3,25
61
1.270
0,2425
1,6
2
15
1
1.800
3.038

13,39
15

m/seg

Uds.
micras absol

m3/h
m3/h
mm.
mm
m2
m.c.a.
bars
m.c.a.
Uds.
mm.
mm.
bars
m/h

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido

CEP: 60.420-280 - Fortaleza - CE - Brasil
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5.- SISTEMAS AUXILIARES

5.3.- DEPQSITC DE AGUA DE DESLOCAMENTO

Numero de linhas a deslocar 1 Uds.
Niumero de depdsitos: 1 Uds.
Volume de cada deposito: 200 m3
qualidade da agua armazenada dgua permeada

Source: GS Inima

Planta de Fortaleza

5.- SISTEMAS AUXILIARES

5.4.- BOMBEAMENTO DE DESLOCAMENTC DA SALMORA

Numero bombas de deslecamento em operac.:
Numero bombas de deslocamente em reserv.:
vazio de cada bomba:

Pressdo de descarga

Volume de salmora a deslocar:

Tempo para realizar o deslecamente

565,00
6,52
112,40
11,9

Uds.
Uds.
m3/h
bars
m3
minutos

Source: GS Inima
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5.- SISTEMAS AUXILIARES

5.5.-TANQUE DE SALMORA

vazao total de salmora ao tanque:
Vazao total de agua para lavagem dos filtros:
Numero minimo de linhas necessarias em operagao

Cota maxima do vertedouro da salmora:
Volume do tanque de salmora

Diametro da tubulagidc de aspiragdc bombas lavagem

Area da planta do tanque:

Cota do fundo de tanque de salmora:

Diametro de coletor de salmora de SIP a tanque:
Velocidade no coletor de salmora:

Cota lamina de agua para descarga por gravedad:

Drenajes y vaciados bombeados a seccion de descarga:

23029¢

4.413
3.828

7,50
300
800

50

1,50

1100

1,29

Sl

m3/h
m3/h
Uds.

m.5.n.m.

m3
mm.
m2

m.s.n.m.

mm.
m/s

m.5.n.m.

Source: GS Inima
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CALCULOS HIDRAULICOS
5.1.- BOMBAS DE LIMPEZA QUIMICA

Cota geometrica do nivel do liquido no tangque (min}: 6,25 m Tipo de fluide a bombear: Solugdo quimica
Perda de carga maxima nas membranas: 3,45 bars
Altura cilindrica do tanque de limpeza: 4,0 m
Cota geomeétrica da aspiragdo das bombas: 5525 m Temperatura do fluide bombeado 27 °C
Cota geométrica ponto mais alto da estrutura do 12 passo: 14,5 m Densidade do fluido bombeado 1,0267 Kg/l
Cota geométrica de entrada ac tanque de limpeza: 9,0 m Viscosidade do fluide bombeado 0,8538 cp.
vazdo de la bomba de limpeza: 565 m3/h
vazdo de limpeza por fila estrutura 44,4 m3/h
vazao de total de limpeza a estrutura 1.130 m3/h
Fator de seguranca perda atrtito 20 %
Tubulagdo Vazdo Velocidade Numerc de Perda.d('-:- . Com?rimento Qutras perdas Perda de . ——
DN D interior Material Reynolds carga unitaria| equivalente de carga carga total
(mm.) (mm.) e (m3/h) (m/s) e (m.c.a./Km.) (m) (m.c.a.) (m.c.a.) (m.c.a.)
Impulsdo da 450,0 450,0 PRFV 1.130,0 1,97 1.068.017 7,19 3 0,00 0,0
bomba 450,0 450,0 PRFV 565,0 0,99 534.008 1,99 1 0,00 0,0 0,03
350,0 350,0 PRFV 565,0 1,63 686.582 6,77 81 0,01 0,6
450,0 450,0 PRFV 1.130,0 1,97 1.068.017 7,19 67 0,00 0,5
450,0 450,0 PRFV 1.130,0 1,97 1.068.017 7,19 141 0,39 1,4
” 350,0 333,4 904hMo 565,0 1,80 720.832 13,95 28 0,68 1,1
v 90,0 77,9 904hMo 25,0 1,46 136.442 51,44 8 0,61 1,0
impulsdo da
bomba 40,0 35,1 904hMo 5,0 1,44 60.673 127,93 5 0,54 1,1 17,0
40,0 35,1 904hMo 5,0 1,44 60.673 127,93 3 0,80 1,2
90,0 77.9 904hMo 25,0 1,46 136.442 51,44 11 0,77 1,4
250,0 254,5 904hMo 565,0 3,09 944.219 51,95 33 2,90 4,6
450,0 450,0 PRFV 1.130,0 1,97 1.068.017 7,19 141 0,39 1,4
SESSAO DA IMPULSAO DA BOMBA IMPULSAO DA BOMBA
Perdas de carga nos filtros do cartucho 5,82 m.c.a. Perda de carga nas tubulactes de aspiracdo 0,0 m.c.a.
Altura geométrica de impulsdo 8,47 m.c.a.
Perda de carga nas tubulagfes de impulsdc bomba 17,03 m.c.a. Pressdo de saida da membranas 10,06 m.c.a.
T.D.H. a vazdo normal da bomba: 64,06 m.c.l.
Pressdo de descarga de bomba a vazdo normal: 6,52 bars Numero de rodetes da bomba: 1 Uds.
Pressdo na aspiragdo 0,74 m.c.a. Velocidade de giro: 1500 r.p.m.
Tensdo de vapor a tempertaura do mar 0,37 m.c.a. Velocidade especifica: 26,24
N.P.S.H. disponivel 10,43 m.c.l. NPSH recomendado: 6,21 m.c.l.

Source: GS Inima
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5.1.- BOMBAS DE LIMPEZA QUIMICA: CALCULO DO COMPRIMENTO EQUIVALENTES

IMPULSAC DA BOMBA SESSAQ DA IMPULSAO DA BOMBA
DIAMETRO 450 450 350 450 450 350 90 40 40 90 250 450
" i COLETOR DE COLUNA DE COLETOR DE
SERVIQO COLETOR SAIDA ASPIRACAD DA SAIDA DE IMPULSAD | ENTRADA/SAIDA DE (MPULSAG DA DISTRIBUI(;&O Dk TLE. DISTRIBLIC EMTRADA, DONTUBO SAIDADO TNUBO DE TUB, HORIZOMN COLUNADE SAIDA RETORNOAO
TAMNQUE ARMAZ BOMBA BOMBA FILTROS CART LICHD ESTRUTURA ESTRUTURA HORIZOM DE PRESSAD PRESSAQ COLETAREIEITO DA ESTRUTURA TANGUE
COMPRIMENTQ RETO 3 1 4 4 100 10 6 1 1 6 10 100
CURVA 902 {RAIO COMPRIDO) 0 0 0 0 0 0
CURVA 902 {STANDARD) 1 2 3 1 0 1 1 0 1 3
CURVA 452 {STANDARD) 0 0 0 0 0 0
CURVA 452 {RAIO CURTO) 0 0 0 0 0 0
TE 1 1 0 1 0 0
TE 0 0 il 0 1 1
VALVULA BORBOLETA 1 2 0 0 0 0 0 0
V. RETENCAO 0 0 0 0 0 0
V. GLOBO 0 0 0 0 0 0
V. COMPQERTA 0 0 0 0 0 0
V. ANGULO 0 0 0 0 0 0
COMPRIMENTC EQUIVALENTE 3 1 81 67 140,5 27,5 7,8 4,6 3 11,4 32,5 140,5
ENTRADA 0 1 0 1 0 0
SAIDA 0 0 1 0 1 0
REDUCAQ 400 180 0 0 0 0 200
140 0 0 0 0 100
100 0 0 0 0 0

ALARGAMENTO 300 0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0
VALVULAS DE MACHQ 1 0 0 0 1 1 1 1
SOMA DO COEFICIENTE K 0,0 0,0 0,1 0,0 1,9 4,0 5,5 5,0 7.4 6,9 5,8 1,9

Source: GS Inima
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Fortaleza

CALCULOS HIDRAULICOS

BOMBAS DE LIMPEZA QUIMICA

Source: GS Inima
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COMPOSICAO DA SALMORA A SAIDA DE MEMBRANAS Planta de Fortaleza
|| ANALISE FISICO-QUIMICO PROPRIEDADES DA SALMORA
[rurBiDEZ UNF, PH 7,23
flcor Pt-Co CONDUTIBILIDADE 98.196,41 pmhos/cm.
flopor TiELS 72.681,69 mg/L REINGI ADE 1,051 Kg/!
IASPECTO ALCALINIDADE 226,48 ppm €O3Ca VISCOSIDADE CINEMATICA 0,010 stokes
TEMPERATURA 27 aC DUREZAE 11.955,30 ppm CO3Ca VISCOSIDADE DINAMICA 1,007 cp.
COMPOS|CAO IONICA PRESSAOQ DO VAPOR 0,015 bars
ELEMENTO ma/L megq/| ELEMENTO me/L meg/l PONTO DE EBULICAQ 0,762 °C
[lca++ 941,32 46,97 [s04- 7.779,03 161,96 CALOR ESPECIFICO 0,926 Kcal/Kgx°C
fIr1g++ 2.333,02 191,92 Jci- 38.002,38 1.071,91 CONDUTIBILIDADE TERMICA 569,6 mW/mxeC
fINa+ 22.523,16 979,65 |co3H- 262,18 4,30 ENTALPIA 24,53 Kcal/Kg
= 2017 el B55 AR INDICE DE LANGELIER: 0,88
llBa++ 0,04 0,00 JBr- 0,00 0,00 INDICE DE STIFF & DAVIS: -0,19 corrosiva
flsr++ 9,52 0,22 |I- 0,00 0,00 —— 89,64
[Fe 12 D0 02 05 4,00 MAXIMO OXIGENIO DISSOLVIDO 4,4 ppm.
fInHa+ 0,56 0,03 [NO3- 20,00 0,32 .
on o = = 023 MAXIMO NITROGENIO DISSOLVIDO 6,0 ppm.
€02 DISSOLVIDO 8,02 ppm.
. 0,00 0,00 [poa- 0,00 0,00 .
FORCA IONICA DA AGUA 1,43859
flzn++ 0,00 0,00 Js= 0,00 0,00 N . ]
lcoer T T e 0.0 PRESSAO OSMOTICA DA AGUA 55,87 bars
flai++ 0,00 0,00 [5i02 (saluble) 15,33 0,26 _
fFe+++ 0,00 0,00 |co2 8,02 0,18 CALCULO DE INCRUSTACOES
fl-+ 0,00 |oH- 0,00
TOTAL 26.587,80 1.238,75 TOTAL 46.086,34 1.238,75 ha que dosar um dispersante, se ndo haver incrustacdes
I OUTRAS DETERMINAGOES
f SUBSTANCIAS TOXICAS mg/L Matéria organica e outros mg/L
flarsénio 0,00 |[oBOS 0,08
flcadmo 0,00 |lpao 0,19
IIBério 7,55 |INitragéno proteico 0,00
IIMercurio 0,00 l|lCompostos fendlicose 0,00
"Chumbo 0,00 ||Detergentes 0,00
IISeIénio 0,00 |I0leos e graxas 0,00
IICromo total 0,00 ||Hidrocarbanetas 0,00
Cromo 0,00 ||I5élidos em suspensdo 0,38

Source: GS Inima
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Planta de Fortaleza

SALMORA DE DESCARGA

PROPRIEDADES DA SALMORA

ANALISE FISICO-QUIMICO

DENSIDADE

VISCOSIDADE CINEMATICA
VISCOSIDADE DINAMICA
PRESSAO DO VAPOR
PONTO DE EBULICAO
CALOR ESPECIFICO

CONDUTIBILIDADE TERMICA
ENTALPIA

INDICE DE LANGELIER:

INDICE DE STIFF & DAVIS:
INDICE DE SAL

MAXIMO OXIGENIO DISSOLVIDO

MAXIMO NITROGENIQ DISSOLVIDO

€02 DISSOLVIDO
FORCA IONICA DA AGUA
PRESSAQ OSMOTICA DA AGUA

1,049 Kg/|
0,010 stokes
1,001 cp.
0,015 bars
0,737 °C
0,928 Kcal/KgxaC
569,9 mW/mxeC
24,60 Kcal/Kg
0,87
-0,20 corrosiva
88,39

4.5 ppm.

6,2 ppm.
7,73 ppm.

1,39914

61,22 bars

CALCULO DE INCRUSTACOES

[rurBiDEZ UN.F. JrH 7,24
ficor Pt-Co JcoNDUTIBILIDADE 4 96.098,49 umhas/em.
llooor T.D.S. 70.687,35 meg/L

ASPECTO ALCALINIDADE 220,25 ppm CO3Ca

TEMPERATURA 37 s [DUREZAE 11.628,31 ppm CO3Ca

COMPOSICAO IONICA
ELEMENTO mg/L meq/| ELEMENTO mg/L meq/|

flca++ 915,56 45,69 fs04= 7.566,27 157,53
Iz ++ 2.269,22 186,68 JcI- 36.959,23 1.042,49
fIva+ 21.904,75 952,75 fcoaH- 254,78 4,18
fli<+ 758,73 19,40 [F- 0,54 0,03
flza++ 0,04 0,00 [Br- 0,00 0,00
flsr++ 9,26 0,21 |- 0,00 0,00
flF<++ 0,00 0,00 [NO2- 0,00 0,00
v+ 0,55 0,03 NO3- 19,45 0,31
fl2s+ 0,00 0,00 Jco3= 6,77 0,23
livin-++ 0,00 0,00 Jpoa= 0,00 0,00
flzr++ 0,00 0,00 fs= 0,00 0,00
flcu++ 0,00 0,00 [si02 (coloidal) 0,07 0,00
flas+++ 0,00 0,00 [5i02 (saluble) 14,91 0,25
flre+++ 0,00 0,00 fcoz 7,73 0,18
fl-+ 0,00 JoH- 0,00
f TOTAL 25.858,10 1.204,76 TOTAL 44.821,95 1.204,76
| OUTRAS DETERMINAGOES
f SUBSTANCIAS TOXICAS mg/L f Matéria orgénica e outros mg/L
flarsénio 0,00 [lpos 0,07
flcsamo 0,00 llpao 0,17
IlBério 7,29 IINitrogéno proteico 0,00
IllVIe rcurio 0,00 IICompostos fendlicose 0,00
IlChumbo 0,00 IIDetergentes 0,00
IlSeIénio 0,00 IIOIeos e graxas 0,00
IlCromo total 0,00 IIH idrocarbonetos 0,00
IlCromo 0,00 IISéIidos em suspensao 0,33

23E29¢

ha que dosar um dispersante, se ndo haver incrustacoes

Source: GS Inima
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3.600,0{m3/h
8.024.0|m3/h 3.661.6 | m3/h 8.024.0 m3/ 3.610.8/ m3h 4.4 |bars
2,5|bars 10,0 | bars 63,0|bars 1,3|bars 473.7 |ppm
39.055.8|ppm 39.055.8|ppm 40.152.7 |ppm 391.7 | ppm
4.362.4
64 4 |bars
ERE R 4.413.2 m3/h
41.073.4|ppm \ :
ik 58,9/ bars
72.681.7 | ppm
4.3624 \m3/h
57.5 bars —
41.073.4 |ppm
9.170.3/m3h ‘\ 4.413. 2|m3h
7,1|bars 1,5|bars
39.051.9 | ppm 4.3624 |m3/h 70.687.3|ppm
—-/ 2.5|bars
E 39.055.8 |\ppm
CONVERSAO GLOBAL PLANTA 39,26%
CONVERSAO REAL PLANTA: 39,38%
CONVERSAO DAS MEMBRANAS 45,00%
[NUMERO DE LINHAS 4 |
BALANCO DEENERGIA POTENCIA ENERGIA ANUAL
Kw Kwh/fano
Bombas de agua do mar 560,45 18.831.129
Bombas de alta pressdo 1.674,62 56.267.079
Bombas de recirculacdo 1.097,15 9.216.100
Bomba Booster Para Bomba De Alta Press&o 1.107,28 9.301.125 engenharia Consultiva PLANTA DESSALINIZACAO DE FORTALEZA
Bombas de produto 538,68 4.524.936
QOutros consumos e perdas 6.452.511,93 07-Mar-18 balango geral
TOTAL 104.592.881 I
CONSUMO ESPECIFICO DE ENERGIA {Kwh/m3) 3,46 ;
Rey: 2 Base

14.4.List of Electrical Equipment
23729¢

Source: GS Inima
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—) ECOAGUA

LISTA DE BOMBAS E SOPRADORES

SOLUGAD: Base FOLHA
] NUMERG UNIDADE VAZAO PRESSAC | PREssAO | oo TOH. BOMBA [ MOTOR | PoTENCIA NOM.
NE ITEM DESCRIGAC - ASPIRACAC | IMPLUSAO hENDIMENTHTENCIA ABSORVITRENDIMENTHTENCIA ABSCRVI] MOTOR NOTAS
m3/h bars bars ke/l m.c.l % kw %% kw kw
1.01 BOMBA AGUA DO MAR NA CAPTAGAO 5 4 2.292,57 0,25 7,06 1,0254 67,73 83,8% 517,75 97,00% 560,45 710
1.03 MOTO YALVULAS DE DESCARGA 5 4 0,55 0,55
3.01 B. BOOSTER ALIMENTAGAQ B.A.P. 4 4 253,88 276,82 315
3.02 MOTOWALVULA DE ASPIRACAC E DESCARGA 8 0,55 0,55
4.01 MOTOBOMBA DE ALTA PRESSAQ 4 4 1.674,62 1800
4.02 MOTO-VALYULA DE ASPIRACAO E DESCARGA 8 8 0,55 0,55
4.03 BOMBAS DE RECIRCULAGAQ 4 4 274,29 315
4.04 MOTO-VALYULA DE ASPIRAGAD E DESCARGA 8 8 0,55 0,55
7.01 POTENCIA DE DESCARGA DO PRODUTO 51 4 900,00 -0,01 4,37 0,9968 44 86 85,0% 122,01 95,80% 134,67 160
.01 MOTOBONBA DE LAVADC DE FILTROS 3 2 1.914,00 0,05 2,27 1,04%4 21,60 80,0% 147,77 96,20% 153,61 200
3.02 SOPRADORES LAVAGEN DE FILTROS 3 2 2.210,74 -0,10 0,60 0,0013 5.534,88 70,0% 45,46 | 94,00% 48,36 75
9.01  |POTENCIA QUIMICA 2 2 565,0 0,07 6,52 1,0267 64,06 80,0% 126,58 | 55,80% 132,13 160
9.03 MOTOBOMBA DE DESLOCAMENTO 1 1 565,00 0,07 6,52 1,0267 64,06 80,0% 126,58 | 95,80% 132,13 160
9.05 RESISTEMCIA DE AQUECIMENTO L. 1 1 207,85 207,85
11.02 |HIDROCOMPRESSCORES AGUA DE SEWRVICO 2 2,66
11.02 |EXTRATOR SILEMCIADOR SOPR. F.A, 3 1,10 11
21/03/2018 CE_rev1_PORT.xlsm
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LISTA DE BOMBAS E SOPRADORES

SOLUCAD: Base FOLHA

) NUMERC UNIDADE _— PRESST\? PREssT\P ENSIDADE — BOMEBA | NMCTOR POTENCIA NOM.

NE ITEM DESCRICAC seiisl, |oieRueRD ASPIRACAO | IMPLUSAO RENDIMENT TENCA ABSCRVIIRENDIMENTQTENCIA ABSORVI NMOTOR NCTAS

m3/h bars bars kesl m.c.l % (3% % kw kv

12.1 BOMBA DE DOSIFICACAQ ACIDO SULFURICO 3 2 0,04 0,10 8,00 1,84 43,79 65,0% 0,01 66,00% 0,02 0,37

12.2 BOMBA DE DOSIFICACAO HIPOCLORITO SODICO 3 2 0,50 0,10 8,00 1,24 64,98 63,0% 0,17 66,00% 0,26 0,37

12.3 BOMBA DE DOSIFICACAQ METABISULFITO SODICO 3 2 0,15 0,10 8,00 1,1 73,25 65,0% 0,05 66,00% 0,08 0,37

12.4 BOMBA DE DOSIFICAGAQ CLORETO FERRICO 3 2 0,06 0,10 8,00 1,417 56,87 65,0% 0,02 66,00% 0,03 0,37

12.5 BONBA DE DOSIFICAGAD DISPERSANTE 3 2 0,01 0,10 3,00 2 40,29 65,0% 0,00 ] 66,00% 0,01 0,37

12.9 BOMBA DE DOSIFICACAQ HIDROXIDO DE CALCIO 3 2 0,00 0,10 120,00] 1,0012508 1.221,45 65,0% 0,01 66,00% 0,01 0,37

12.10 |BOMBA DE DOSIFICAGAD FLUQRSILICATO DE SODIC 4 2 0,04 0,10 3,00 1,1 7325 65,0% 0,01 66,00% 0,02 0,37

12.11 |BOMBA DE DOSIFICACAOQ HIPOCLORITO DE SODIO 3 2 0,03 0,10 3,00 1,24 64,28 65,0% 0,01 66,00% 0,02 0,37

12.22  |BOMBA TRANSFERENCIA DE ACIDO SULFURICS 1 1 4,34 55
12.23  |BOMBA TRANSFERENCIA DE HIPOCLORITO SODICO 2 2 0,00 0,37
12.24 |AGITADOR DE METABISULFITO SODICO 1 1 1,50 1,5
12.25 |BOMBA TRANSFERENCIA DE CLORETO FERRICO 1 1 4,34 5,5
12.26 |AGITADOR DE DISPERSANTE 2 2 0,55 0,55
12.27 |EvAPORADOR DE ANHIDRIDO CARBONICO 1 1 15,00 15
12.28 |5ISTEMA DE LLENADO DE LOS SILOS HIDROXIDG CA 1 1 1,50 1,5
12.29 |AGITADOR DE FLUOR 1 1 0,55 0,55
12.37 |POSICIONADOR DE BOMBAS DOSADORAS 24 16 0,55 0,55
13.03 |ROSCA DE DOSAGEM DE PO 2 1 0,00 03y
14.01 |PONTE GRUA TOMADA D'AGUA DO MAR 1 1 4,00 4
14.02 |PONTE GRUA BOMBEANMENTO PRODUTO 1 1 4,00 4
14.03 |PONTE GRUA BOWBEAMENTO A.P. 1 1 5,50 3.5
21/03/2018 CE_rev1_PORT.xlsm Source GS |n|ma
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LISTA CONSUMIDORES
SOLUGCAQ: Base FOLHA
y . " DADOS EM CONDICEJES MNOMINAIS
DESCRICAO NUMERQLUNIDACE POTENQA TENSAQ VELOCQIDADE ISOLAMEN TIPO i
N2 ITEM - PROTEC. TIPO MOTOR
TOTAL |OPERACRO T0 INTENSIDADE FATOR |RENDIMENTO) ARRANQUE
ey 1A A % %
1.01 BOMBA AGUA DO MAR NA CAPTAGAD 5 4 710 6600 1000] IP-55 F 72| 8%,00% 97,00% F.V. Marcha/Paro en local y seta emergencia
1.03 MAOT O VALVULAS DE DESCARGA = 4 0,55 380 IP-55 F 1] 7%00% 71,00% Inverter Marcha/Paro local
3.01  |B. BOOSTER ALMENTAGAD BAP, 4 4 315 380 1500] IP-55 F 565| 88,00% 96,30% F.V. Marcha/Paro local
.02 MOTO-VALVUILA DE ASPIRACAC E DESCARGA 8 8 0,55 380 IP-55 F 1] 7%00% 71,00% Inverter Marcha/Paro local
4.01 MOTOROMBA DE ALTA PRESSAD 4 4 1800 6600 3000 IP-55 F 181] 8%,50% 97,50%| Soft Starter Marcha/Paro en local y seta emergencia
4.02 MOTO-VALVULA DE ASPIRACAC E DESCARGA 8 8 0,55 380 IP-55 F 1| 7%,00% 71,00% Inverter Marcha/Paro local
4.03 BOMBAS DE REQIRCULACAD 4 4 315 380 1500] IP-55 F 565]| B8800% 96,30% F.V. Marcha/Paro local
4.04 MOTO-VALVULA DE ASPIRACAC E DESCARGA 8 8 0,55 380 IP-55 F 1| 7%,00% 71,00% Inverter Marcha/Paro local
701 |POTENCIADE DESCARGA DO PRODUTD 5 4 160 380 1500] IP-55 F 292 87,00% 95,809 | Soft Starter Marcha/Paro local
8.01 MOTOB OMBA DE LAVADQ DE FILTROS 3 2 200 380 IP-55 F 364 87,00% 96,20%| Soft Starter Marcha/Paro local
2.02 SOPRADORES LAVAGEN DE FILTROS 3 2 75 380 IP-55 F 140] 86,00% 94,70%| Soft Starter Mareha/Paro local
9.01  [POTENCAQUIMICA 2 2 160 380 1500] IP-55 F 292 87,00% 95,80%| Soft Starter Marcha/Paro local
Mareha/Paro local
9.03 MOTOBONMBA DE DESLOCAMENTO 1 1 160 380 1500] |IP-55 F 292 87,00% 95,80%| Soft Starter Marcha/Paro local
9.05  |RESISTENC ADE AQUECIMENTO LOL 1 1 208 380 IP-55 F 316| 100,00%| 100,00%| Soft Starter Marcha/Paro local
1L.0? |HDROCOMPRESSORES AGLIA DE SEWRW GO 2 1 380 IP-55 F S| 83,00% 84,00% Direct Marcha/Paro local
11.03 |EXTRATOR SILEMNCIADTR SOPR. F.A, 3 2 1,1 380 IP-55 F 3] 81,00% 74,00% Direct
21/03/2018 CE_revl_PORT.xlsm
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LISTA CONSUMIDORES

SOLUGAO: Base FOLHA
i . . DADOS EM OONDIGOES NOMINAIS
" NUMERG.UNIDADE POTENCIA TENSAQ VELOCIDADE 1SOLA MEN TIPO
NO ITEM DESCRICAD TotaL | operacio PROTEC. T0 INTENSIDADE| FATOR |RENDIMENTO| snnanquE TIPO MOTOR NOTAS
Ky A rprm. A % %
12.1  |BOMBADE DOSIFICACAG ACIDO SULFURICO 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
12.2  |BOMBADE DOSIFICAGAD HIPOCLORITO SGDICO 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
123 |BOMBADE DOSIFICACED METABISULFITO SODI CO| 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
124  |BOMBADE DOSIFICACAG CLORETO FERRICD 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
12.5  |BOMBADE DOSIFICACAD DISPERSANTE 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
12.9  |BOMBADE DOSIFICACAG HIDROXDO DE CALO O 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
12.10 |BOMBADE DOSIFICACAG FLUGRSILICATG DE 5001 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
12.11 |BOMBA DE DOSIFICACAD HIPOCLORITO DE SODIQ 3 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct
12.22 |BONMBATRANSFERENCIA DE ACIDO SULFURICO 1 1 5,5 380 IP-55 F 12| 81,00% 86,00%| Soft Starter Marcha/Paro local
12.23  |BOMBATRANSFERENCIA DE HPOCLORITO SODIC 2 2 0,37 380 IP-55 F 1| 77,00% 66,00% Direct Marcha/Paro local
12.24 |AGITADCR DE METABISULFITO SODICO 1 1 1,5 380 IP-55 F 4] 81,00% 74,00% Direct Marcha/Paro local
12.25 |ROMBATRANSFEREMCIA DE CLORETC FERRICO 1 1 5,5 380 IP-55 F 12| 81,009 86,0034 Soft Starter Mareha/Pare local
12.26 |AGITADOR DE DISPERSANTE 2 2 0,55 380 IP-55 F 1] 7%,00% 71,00% Direct Marcha/Paro local
12.27 |EVAPORADOR DE ANHIDRIDO CARBOMICO 1 1 15 380 IP-55 F 30| 84,00% 90,00%| Soft Starter
12.28 |SISTENA DE LLENADQ DE LOS SILOS HIDROHD O C4 1 1 1,5 380 IP-55 F 4] 81,00% 74,00% Direct Marcha/Paro local
1229 |ASITADOR DE FLUCR 1 1 0,55 380 IP-55 F 1| 75,00% 71,00% Direct Marcha/Pare local
12.37 |POSIOCNADOR DE BOMBAS DOSADORAS 0,55 250 IP-55 2| 79,00% 71,00% Direct
13.03 |ROSCA DE DOSAGEMDE PO 0,37 380 IP-55 1| 77,00% 66,00% Direct
Marcha/Paro local
14.01 |PONTE GRUA TOMADAD'AGUA DD MAR 4 380 IP-55 9| 83,00% 84,00% Direct Marcha/Paro local
14.02 |PONTE GRUA BOMBEAMENTO PRODUTO 4 380 IP-55 F g| 83,00% 84,00% Direct
14.03  |PONTE GRUA BOMBEAMENTO AP, 5,5 380 IP-55 12| 81,00% 86,0094] Soft Starter Marcha/Paro local
21/03/2018 CE_rev1_PORT.xlsm Source: GS Inima
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PLANTA.... Fortaleza DATA 02-Mar-18
CLIENTE. CAGECE
SOLUCAO. Base {)
CONSUMO DE ENERGIA
- DESCRICAO NUMERO UNIDADE POTENCIA UNITARIA (KW) HORAS EMERGIA ANUAL
TOTAL |oPeracAo| INSTALADA | consumiDA ANUAIS KWH/ANO
101 |BOMBA AGUA DO MAR NA CAPTACAO 5 4 710,00 560,45 8.400 18.831.128,67
301 |B.BOOSTER ALIMENTAGAC BA.P. 4 4 315,00 276,82 8.400 9.301.124,89)
401 |MOTOBOMBA DE ALTA PRESSAQ 4 4 1.800,00 1.674,62 8.400 56.267.079,35
403  |BOMBAS DE RECIRCULAGAC 4 4 315,00 274,29 8.400 9.216.099,71
701 |POTENCIA DE DESCARGA DO PRODUTC 5 4 160,00 134,67 8.400 4.524.936,37
801 |MOTOBOMBA DE LAVADO DE FILTRGS 3 2 200,00 153,61 5863 1.801.185,69)
802 |SOPRADORES LAVAGEM DE FILTROS 3 2 75,00 48,36 2199 212.631,37
9.01 |PQTENCIA QUIMICA 2 2 160,00 132,13 664 175.550,68]
903 |MOTOBOMBA DE DESLOCAMENTC 1 1 160,00 132,13 3 420,55
11.02 |HIDRCCOMPRESSCRES AGUA DE SEWRVIGQ 2 1 4,00 2,66 2.100 5.580,70)
12.01 |BOMEBAS DOSADORAS PRE TRATAMENTOQ 15 10 0,37 0,37 8.400 31.080,00
1210 |BOMEAS DOSADORAS POS TRATAMENTO 9 6 0,37 037 8.400 18.648,00)
1237 |POSICICNADCR DE BOMBAS DOSADORAS 24 16 0,55 0,55 2772 24.393,60
13.03 |ROSCA DE DOSAGEM DE PO 2 1 0,37 0,00 233 0,00
1400 |AGITADORES E B TRANSFERENCIA 1 1 31,39 28,33 1.400 39.666,09
9.05 |RESISTENCIA DE AQUECIMENTC L.Q. 1 1 207,85 207,85 664 138.076,77
1401 |PORTICOS 1 1 13,50 13,50 120 1.620,00]
1501 |VALVULAS MOTORIZADAS 29 28 15,95 15,95 1.440 22.968,00
11.03 |VENTILADORES DOS SOPRADORES 3 2 1,10 1,10 2199 4.836,78]
19.00 |PAINEL DE CONTROLE E ELETRO VALVULAS 1 1 45,00 45,00 8.400 378.000,00)
2000 |ILUMINAGAC 1 1 30,00 30,00 4,380 131.400,00
21.00 |AIR ACONDICIONADQ 1 1 70,00 70,00 4.380 306.600,00
24,00 |PERDA NA TRANSFORMAGAQ, DISTRIBUGAQ E Y FATOR DE SEGURANGA 3.137.103 93|
CONSUMO TOTAL DE ENERGIA {KWH 104.570.131,16
ECOAGUA : ARy
PRODUCAO GARANTIDA (M?/D) 86.400,00
PRODUGCAO TOTAL ANUAL {M?) 30.240.000,00
feE.ravl_PORT.xlsm CONSUMO ESPECIFICO ENERGIA (KWH /M?) 3,46
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14.5.Equipment Technical Specifications - Hydromechanida

14.5.1.Electromechanical Devices
14.5.1.1 Seawater Intake Pumps
GENERAL INFORMATION
v Service:
v' Type of drive
v" Number of equal pumps in operation 4
v" Number of equal pumps in reserve 1
DESIGN CHARACTERISTICS
v Flow at predetermined site
Projected TDH
Suction pressure at predetermined site
Room temperature
Maximum seawater temperature
Minimum seawater temperature
Construction model
Number of stages
Type of impeller
Impeller design
Type of body
Body division
Body assembly
Rotation direction (viewed from the motor)
Bearing model lifespan

RTD/Pt-100 N° by bearing

NN N N N N N N U N N N NN

AN

Type of motor coupling

OPERATION CHARACTERISTICS
v Normal work flow

Maximum expected work flow

Minimum expected work flow

TDH at normal flow

DN N N

Minimum TDH at minimum flow

v" Suction pressure
243529t

Pumping intake

m3/h
m.c.l.
barg
°C
°C
°C

Flexible

m3/h
m3/h
m3/h

m.c.l.

m.c.l.

bar

Electric motor with inverter

2,293
82.53
0.48
40-20
30
22
Horizontal, between bearings
1
Simple suction
Closed
Surface
Radial
Central line
Clockwise
h. 60,000
1

2,293
2,522
2,064
82.53
40
0.48

v' Pump performance with regular flow % 83.8
v" Power demanded by pump kW 552
v" Noise level during normal operation (incl. Motor) dB 85

PUMP MATERIAL

v' Body

v' Impeller

v Axis

v" Axis housing
14.5.2.Closed Filters
First Stage of Filtration
GENERAL INFORMATION :

v Service:

v" Number of filters:
WEATHER :

v' Maximum temperature:

v' Minimum temperature:

v' Relative humidity:

v" Annual rainfall:
FLUID CHARACTERISTICS :

v' Type of fluid:

v/ Conductivity (25° C):

v' Density:

v Viscosity:

v' Maximum temperature:
DESIGN CONDITIONS:

v Project code:
Installation:
Design temperature:
Project pressure:
Pressure proof:

Work flow:

SN N N N RN

Useful filtration surface by filter:

Superduplex PREN >40

Superduplex PREN >40
Superduplex PREN >40

Superduplex PREN >40

First stage filters

14
°C 40
°C 20
% 75
mm 133

Seawater/brine backwashing

pS/cm 58,847

kg/L  1.025
cps 0.96
°C 30

ASME Section VIII Division 1 or similar

Extreme weather

°C 40

barg 4.5

barg 6.75
m3/h 8,024

Maximum differential pressure of support plate: barg 1.5

m2 88.43

Cagece — Companhia de Agua e Esgoto do Ceara
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v Speed of filtration: m/h 6.5

v Speed of filtration during backwash: m/h 7

v" Number of filtering beds: 3

v Height and type of first filtering bed (starting from upper acef): 700 mm, anthracite effective size 1.90 mm
and uniformity coefficient 1.4

v" Height and type of second filtering bed: 400 mm, silica sand withmBr6effective size and uniformity
coefficient 1.45

v Height and third filter bed type: 200 mm, silica sand with effective 3imm; uniformity coefficient 1,7

v Ferrule thickness: mm  Calculated according to model code

v Bottom thickness: mm  Calculated according to model code

v Support plate thickness: mm  Calculated according to model code

FILTER AND SUPPORT PLATE CHARACTERISTICS :

v
v
v
v

Type: Horizontal pressure filters

Design and construction for a useful life of: 25 years

Design and construction for a continuous operation of: h/year 8600

Head: Korbbogen

ACCESSORIES

v’ Lifting Eye Bolts (yes/no): Yes
v Identification plate Yes
CONNECTIONS (Type, DN and PN/Schedule):
v' Water inlet: 2 unit Flanges DIN DN500 PN10
v' Water outlet: 2 units Flanges DIN DN500 PN10
v Drainage: 1 unit Flanges DIN DN350 PN10
v Safety valve/disc rupture: 1 unit Flanges DIN DN250 PN16
v' Ventilation: 1 unit Flanges DIN DN500 PN10
v' Manway access covers: 3 units Flanges DIN DN500 PN10, one aptbéthe ferrule, a second at the inferior
portion and a third at one of the bottom areas.
MATERIALS :
v" Ferrule and bottom: S275JR
v Support plate: S 275 JR
v" Flanges RSt 37.2
v Interior lining: surface cleaning with SA 2 % sandblasting, appbn of glue, rubber sheet with glue, dielectric
inspection, interior autoclave vulcanization and post-vulcanizationatispeor similar procedures.
v Exterior painting: sandblasting at SA-2 %, application of a 10@emiepoxy primer coat, application of an
24429t

intermediate 50-micron paint coat.

v Exterior protection: UVA radiation protection
v' Joints: Neoprene
v’ Screws: Stainless steel
NOZZLES:
v" Number of nozzles per filter: Units 700
v Fixation type: Threaded
v" Nozzle material Polypropylene
v" Nozzle clamp material: Polypropylene
v" Washer material: EPDM
v" DIMENSIONS:
Interior filter diameter m 4
Filter cylindrical length (neck included) m 22
v" Second filtration stage
v"  GENERAL INFORMATION:
Service: Second stage filters
Number of filters: 8
WEATHER :
v' Maximum temperature: °C 40
v" Minimum temperature: °C 20
v' Relative humidity: % 75
v" Annual rainfall: mm 133

FLUID CHARACTERISTICS :

v
v
v
v
v

Type of fluid:
Conductivity (25° C):
Density:

Viscosity:

Maximum temperature:

DESIGN CONDITIONS:

v

v
v
v

Design code:
Installation:
Design temperature:

Project pressure

Seawater/brine backwashing

pS/cm 58,847

kg/L 1.025
cps 0.96
°C 30

ASME Section VIII Division 1 or similar
According to the weather
°C 40

barg 4.5

Cagece — Companhia de Agua e Esgoto do Ceara
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mm and uniformity coefficient 1.4

v Pressure proof barg
v" Work flow: m3/h

v' Maximum support plate differential pressure:  barg
v Useful filtration surface by filter: m2

v Speed of filtration: m/h

v Speed of filtration during backwash: m/h
v" Number of filtering beds: 2

v

6.75
8,024
15
92.51
10.8
12.4

Height and type of first filtering bed (starting from uppefrfate): 500 mm, anthracite with effective size 0.3

v Height and type of second filtering bed: 200 mm, silica sandefiigictive size 2 mm e Uniformity coefficient

1.7
v Ferrule thickness: mm
v Bottom thickness: mm
v Support plate thickness: mm

FILTER AND SUPPORT PLATE CHARACTERISTICS :
v’ Type:

v Design and construction for a useful life of:

v Design and construction for a continuous operation of:

v' Heads:
ACCESSORIES
v’ Lifting eye bolts (yes/no):
v Identification plate:
CONNECTIONS (Type, DN and PN/Schedule):
v' Water inlet:
Water outlet:
Drainage:
Safety valve/disc rupture:

Ventilation:

AN N NN

portion and a third at one of the bottom areas.
MATERIAL :
v Ferrule and heads:
v Support plate:

v" Flanges
24529t

Calculated according to model code
Calculated according to model code

Calculated according to model code

Horizontal pressure filters
25 years
8600 h/year
Korbbogen

Yes

Yes

2 units Flanges DIN DN500 PN10
Flanges DIN DN500 PN10
Flanges DIN DN350 PN10
Flanges DIN DN250 PN16
Flanges DIN DN500 PN10

2 unit
1 unit
1 unit

1 unit

Manway access covers: 3 units Flanges DIN DN500 PN10, one aptbEthe ferrule, a second at the inferior

S 275JR
S 275JR
RSt 37.2

v

v
v
v

Interior lining: surface cleaning with SA 2 ¥ sandblasting,iagfibn of glue, rubber sheet with glue, dielectric

inspection, interior autoclave vulcanization and post-vulcanization itispex similar procedures.

Exterior painting: sandblasting at SA-2 Y2, application of a 10@emiepoxy primer coat, application of an

intermediate 50-micron paint coat.
Exterior protection
Joints:

Screws:

NOZZLES:

v
v
v
v
v

v

Number of nozzles per filter:

Diameter of pores in the support plate:
Fixation type:

Nozzle material

Nozzle clamp material:

Washer material:

DIMENSIONS:

v

v' Filter cylindrical length (neck included) m

Interior filter diameter

UVA radiation protection
Neoprene

Stainless steel

Units 416
mm
Threaded
Polypropylene
Polypropylene
EPDM

m 4

22

14.5.3.Closed Filter Backwashing - Centrifugal Pumps
GENERAL INFORMATION

v

v
v
v

Service:
Type of drive
Number of equal pumps in operation

Number of equal pumps in reserve

DESIGN CHARACTERISTICS

v

NS N N N N RN

Flow at predetermined site

Projected TDH

Suction pressure at predetermined site
Room temperature

Seawater maximum temperature
Seawater minimum temperature
Construction model

Number of stages

Filter backwashing

Soft starter

2
1
m3/h 1,914
m.c.l. 21.60
barg 0.05
°C 40-20
°C 30
°C 22

Horizontal, between bearings

1

Cagece — Companhia de Agua e Esgoto do Ceara
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v' Type of impeller Simple suction
v Impeller design Closed
v' Type of body Surface
v" Body division Radial
v" Body assembly Center line
v Rotation direction (with view from motor) Clockwise
v' Bearing model lifespan h. 60,000
v" N° de RTD/Pt-100 by bearing 1
v" Type of motor coupling Flexible
OPERATION CHARACTERISTICS
v Normal work flow m3/h 1,914
v" Maximum expected work flow m3/h 2,105
v" Minimum expected work flow m3/h 1,723
v TDH at normal flow m.c.l. 21.6
v Minimum TDH at minimum flow m.c.l. 12
v Suction pressure bar 0.05
v' Pump performance with regular flow % 80
v" Power demanded by pump kw 148
v Noise level in normal operation (incl. Motor)  dB 85
PUMP MATERIAL
v' Body Superduplex PREN >40
v Impeller Superduplex PREN >40
v Axis Superduplex PREN >40
v Axis housing Superduplex PREN >40

14.5.4.Closed Filter Backwash Blowers
GENERAL INFORMATION:

v Service:

v Number of blowers: Unit
WEATHER:

v' Maximum temperature: °C

v" Minimum temperature: °C

FLUID CHARACTERISTICS :
24629t

Sand and anthracite filter washing

3 (2+1)

40
20

v' Type of fluid: Air
v Specific weight Kg/m3 1,2
v' Maximum temperature: °C 50
DESIGN CONDITIONS:
v Suction temperature: °C 20-40
v Suctioned flow: Nm3/h 2.211
v’ Suction pressure: barg atmospheric
v Differential pressure: barg 0.6
BLOWERS CHARACTERISTICS :
v’ Type: 3-lobe rotating plungers
v" Design and construction for a useful life of: 25 years
v Design and construction for a continuous operation of: h/year 8,600
v" Lubrification: Oil
v" Coupling: Flexible
v Suction flow tolerance (s/DIN): % +5
v" Suction flow tolerance (s/DIN): % +5
v Noise level tolerance (s/DIN): dB(A) 2
v" Maximum sound level at 1 m with sound proof cabin: dB(A) <85

ACCESSORIES

v Pulley set (yes/no):
Set of straps (yes/no):
Transmission protection (yes/no):
Suction air filter (yes/no):
Silent suction (yes/no):
Silent drive (yes/no):
Safety valve (yes/no):
Check valve (yes/no):
Vacuum valve:
Clogging detector (yes/no):
Flexible cuff:
Elastic supporters:

Oil level indicator:

S N N N N N N N N N N NN

Differential pressure manometer (yes/no):

yes
yes (automatic extension)
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
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v Pressure limiting pressostat: yes
v' Temperature limiting thermostat: yes
v Sound proof cabin (yes/no): yes
v Forced air-conditioning unit (yes/no): yes
v' Cable entries: yes
v' Bench (yes/no): no

CONNECTIONS (Type, DN and PN/Schedule):
v’ Drive: Flanges DIN (GRP DN-400 booster pipelines)

MATERIALS :

v’ Stator rotor:

v' Heads:

v Lids:

v Plungers:

MOTOR:

v" Nominal voltage:

v Voltage/phases/frequency:

v" Protection level:

v' Isolation:
14.5.5.Cartridge filters
14.5.5.1 Process
GENERAL INFORMATION:

v Service:

v Number of filters:
WEATHER :

v' Maximum temperature:

v" Minimum temperature:
FLUID CHARACTERISTICS :

v' Type of fluid:

v' Maximum temperature:
DESIGN CONDITIONS:

v" Design code:
v Installation:

v Design temperature:
24729¢

GG-20
GG-25
GG-25
GG-20
kW 454
V/ [Hz 400/3/50
IP55
=

Safety filters before Reverse Osmosis

8

°C 40
°C 20

Seawater TDS =40,150 mg/L/cleaning solution pH 2-11
°C 30

ASME Section VIII. Div. lor similar
According to the weather

°C 40

v Project pressure barg 4.5

v Pressure proof barg  According to design code

v" Work pressure: barg 4

v" Work flow by filter: m3/h 1003

v' Maximum differential pressure of support plate: barg 2

v" Maximum velocity in connections: m/sec Recommended by manufacturer

v Ferrule thickness: mm  Calculated according to model code

v Bottom thickness: mm  Calculated according to model code

v Support plate thickness: mm  Calculated according to model code

FILTER CHARACTERISTICS:

v
v
v
v
v

v

Type:
Filter interior diameter:

Filter body height or length:

Design and construction for a useful life of:

Recommended by manufacturer
mm Recommended by manufacturer
mm Recommended by manufacturer

25 years

Design and construction for a continuous operation of: h/year 8600

Head:

ACCESSORIES:

v

v

Lifting Eye Bolts (yes/no):

Identification plate

Korbbogen or similar

Yes

Yes

CONNECTIONS (Type, DN and PN/Schedule):

* Water inlet:
* Water outlet:
* Drainage:

* Ventilation:

» Safety valve/disc rupture:

MATERIALS:

v

AR NE N N NN

Ferrule and heads:
Support plate:
Interior lining:
Exterior protection
Joints:

Screws:

Number of cartridges by filter

1 unit Flanges DIN DN-450, PN-6
1 unit Flanges DIN DN-450, PN-6
1 unit Recommended by manufacturer
1 unit Recommended by manufacturer

1 unit Recommended by manufacturer

GRP
Polypropylene
Recommended by manufacturer
UVA radiation protection
Nitrile
Steelinox
Unit Recommended by manufacturer
Cagece — Companhia de Agua e Esgoto do Ceard
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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Length:

Diameters:
Absolute pore size:
Nominal pore size:

Beta ratio:

S N N N S RN

Material:
14.5.5.2 Chemical Cleaning
GENERAL INFORMATION:

v Service:

v Number of filters:

v' Equipment tag:
WEATHER :

v' Maximum temperature: ° C

v" Minimum temperature: ° C
FLUID CHARACTERISTICS :

v' Type of fluid:

v' Maximum temperature:
DESIGN CONDITIONS:

v Design code:

Filtering surface per cartridge:

mm 1270

mm 61

micras 10

micras

5,000

m2 0.24
Polypropylene

Safety filters before chemical cleaning

1

40

20

Cleaning solution pH 2-11
°C 45

ASME Section VIII. Div. 1 or similar

v Installation: According to the weather

v Design temperature: °C 40

v Project pressure barg 4.5

v Pressure proof According to design code

v" Work pressure: barg 4

v' Work flow by filter: m3/h 1,130

v' Maximum differential pressure of support plate: barg 2

v" Maximum velocity in connections: m/sec Recommended by manufacturer

v Ferrule thickness: mm  Calculated according to model code
v Bottom thickness: mm  Calculated according to model code
v Support plate thickness: mm  Calculated according to model code

FILTER CHARACTERISTICS :
v Type:
24829t

Recommended by manufacturer

Filter interior diameter:

Filter body height or length:

NS NEE NN

v' Heads:
ACCESSORIES
v' Lifting Eye Bolts (yes/no):

v Identification plate

Design and construction for a useful life of:

Design and construction for a continuous operation of:

mm  Recommended by manufacturer
mm  Recommended by manufacturer
25 years

h/year 8600

Korbbogen or similar

Yes

Yes

v CONNECTIONS (Type, DN and PN/Schedule):

« Water inlet: 1 unit
« Water outlet: 1 unit
* Drainage: 1 unit

+ Ventilation:

Flanges DIN DN-450, PN-6
Flanges DIN DN-450, PN-6

Recommended by manufacturer

1 unit Recommended by manufacturer

« Safety valve/disc rupture:1 unit Recommended by manufacturer

MATERIALS :

v Ferrule and heads:
v' Support plate:
v Interior lining:
v Exterior protection
v Joints:
v’ Screws:

CARTRIDGES:

v" Number of cartridges by filter:

v' Length:
v Diameters:
v' Absolute pore size:
v

v' Material:
14.5.6.High-pressure pumps
GENERAL INFORMATION

v Service:

v' Type of drive

Filtering surface per cartridge:

GRP
Polypropylene
Recommended by manufacturer
UVA radiation protection
Nitrile

Stainless steel

Unit  Manufacturer recommeiodat
mm 1270
mm 61
micras 10
m 0.24
Polypropylene

High-pressure pumping

Soft starter
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Horizontal, between bearings

v" Number of equal pumps in operation 4

v" Number of equal pumps in reserve 0
DESIGN CHARACTERISTICS

v Flow at predetermined site m3/h 915

v Projected TDH m.c.l. 543

v’ Suction pressure at predetermined site barg 10

v" Room temperature °C 40-20

v/ Seawater maximum temperature °C 30

v/ Seawater minimum temperature °C 22

v" Construction model

v" Number of stages 1

v Type of impeller Simple suction

v Impeller design Closed

v' Type of body Surface

v Body division Radial

v" Body assembly Center line

v Rotation direction (view from motor)  Clockwise

v Bearing model lifespan h. 60,000

v" N° de RTD/Pt-100 by bearing 1

v" Type of motor coupling Flexible
OPERATION CHARACTERISTICS

v Normal work flow m3/h

v" Maximum expected work flow m3/h

v" Minimum expected work flow m3/h

v" TDH at normal flow m.c.l.

v Suction pressure bar

v' Pump performance with regular flow %

v" Power demanded by pump kW

v Noise level in normal operation (incl. Motor) dB 85
PUMP MATERIAL

v' Body Superduplex PREN >40

v Impeller Superduplex PREN >40

v Axis Superduplex PREN >40

24629t

915
1,006
819

543

10
85
1,633

v

Axis housing

14.5.7.BAP Feed Booster Pump
GENERAL INFORMATION

v
v
v
v

Service:
Type of drive
Number of equal pumps in operation

Number of equal pumps in reserve

DESIGN CHARACTERISTICS

v

S N N N N N N N N N N N R

\

Flow at predetermined site

Projected TDH

Suction pressure at predetermined site

Room temperature

Seawater maximum temperature
Seawater minimum temperature
Construction model

Number of stages

Type of impeller

Impeller design

Type of body

Body division

Body assembly

Rotation direction (view from motor)
Bearing model lifespan

N° de RTD/Pt-100 by bearing

Type of motor coupling

OPERATION CHARACTERISTICS

v

SN N N NN

Normal work flow

Maximum expected work flow
Minimum expected work flow
TDH at normal flow

Minimum TDH at minimum flow
Suction pressure

Pump performance with regular flow

Superduplex PREN >40

BAP Feed Booster Pump
Electric motor with VFD

4
0
m3/h 915
m.c.l. 83
barg 2,5
°C 40-20
°C 30
°C 22

Horizontal, between bearings
1

Simple suction

Closed
Surface
Radial
Center line
Clockwise
h. 60,000
1
Flexible
m3/h 915
m3/h 1,006
m3/h 819
m.c.l. 83
m.c.l. 40
bar 2.5
% 84
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v" Power demanded by pump kw 254
v Noise level in normal operation (incl. Motor) dB 85

PUMP MATERIAL

v
v
v
v

Body
Impeller
Axis

Axis housing

14.5.8.Pressure Boxes

GENERAL INFORMATION:

v
v
v
v

Service:
Number of boxes/line:

Number of lines:

Total number of boxes:

WEATHER:

v
v
v
v

Maximum temperature:

Minimum temperature:
Relative humidity:

Annual rainfall:

FLUID CHARACTERISTICS:

v
v
v
v
v

Type of fluid:
Conductivity at 20°C:
Density:

Viscosity:

Maximum temperature

DESIGN CONDITIONS:

Superduplex PREN >40
Superduplex PREN >40
Superduplex PREN >40
Superduplex PREN >40

Reverse Osmosis and seawater membrane containers

226

4

904

°C 40

°C 20
% 75
mm 133

seawater/brine/cleaning solution pH 2-12

pS/cm 58,847

kg/L 1.025
cps 0.96
:°C 30

v Design code: ASME Section X
v'Installation: Indoors
v Design temperature: °C 40
v Operation pressure: barg 63
TUBE CHARACTERISTICS :
v Design and construction for a useful life of: years 25

v Design and construction for a continuous operation of: h/year 8600

4

Tube thickness:

25029¢

According to design code

Membrane diameter:

Membrane length:

Membrane capacity per tube:
Raw water inlet/brine outlet ports:

For each rack with 130 boxes:

NS N N N NN

Number of raw water inlet/brine outlet ports:
port.

v/ 86 with 2 water inlet ports and 2 brine outlet ports
ACCESSORIES

v' Membranes adapters: yes

in 8
in 40
7
Multiport

44 boxes with Jemiaiet port and 1 brine outlet

v" Closing, opening, retention and support devices (yes/no): yes

v Tube support (yes/no):

v' Clamps:

v' Special tools for tube assembly:
CONNECTIONS (Type, DN and PN/Schedule):

v' Raw water inlet: 2%

v Brine outlet: 2%

v" Product water outlet;

yes (3 per tube)
yes (3 per tube)
Yes (if applicable)

1" PN-10 (minimum)

Epoxy resin and fiberglass reinforcement

MATERIALS:
v' Tube body:
v' Seawater inlets and brine outlets Superduplex PREN>40
v' Permeate outlet: Polypropylene
v" Membrane adapters: Thermoplastic
v" Locking elements: EPDM
v' Retention and support elements: Steelinox 316L or similar
v" Tube support: Polyurethane or similar
v" Clamp: Steelinox 316L or similar
v Finish: Polyurethane or similar

14.5.9.Electrical equipment
14.5.9.1 Medium voltage cells
GENERAL INFORMATION

v Service:

v" Function / Number of cells:

Medium voltage 6.6kV distribution cells

- 2 inlet pipes with bar measurement

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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- 4 motor protections

- 4 transformer protections of 6.6 / 0.4 kV
- 4 VDF seawater pump motor protection

- 1 Coupling

DESIGN RESOURCES

v

AN N N T N N N T N N N N N T N N N e N NN

AN

Altitude:

Max. Room temperature / outside minimum:

Project temperature for all equipment:
Relative humidity:

Facility conditions:

Environmental classification:
Environmental contamination level:
Environmental corrosivity rating:
Construction Standard:

Type of service:

Nominal frequency:

Nominal voltage:

Work voltage:

Insulation level at industrial frequency:

Electrical discharge impulse insulation level:

Nominal current at the main bars:
Branching bar nominal current:

Maximum heat level allowed:

Short-term nominal current in main bars:
Maximum allowable nominal current value:
Grounding system:

Auxiliary voltage and maneuver command:

Lighting auxiliary voltage and heating resistance:

Type of cabinet e construction:
Class/ cutoff material:
Insulation means:

Service continuity class:

25129¢

<1000 m.s.n.m.
30/0 °C
40°C
75%

Indoor electrical room heating

Saline solution

Very high (IV) (IEC 60815)

C3 (1ISO 9223)
IEC 62271-200
Heavy continuous

60 Hz
12 kV
6.6 kV
28 kV / min.
75 kVef /s
2500A
630A
IEC 60694. Fit 4.4.2
25 kAeff/'s
80 kAcr
Earthing
127 Vcc
220 Vac
Metal clad
PM / metal panels
air

LSC-2B

v Internal arc classification: AFLR 40 kA / 1s

v Protection level: P42

v Internal protection level: IP 2X

v" Accessibility: Frontal type A, authorized personnel

v' Cable inlet: Inferior

v' Cable outlet: Inferior

v' Type of feed cable: 6/10 kV Cu (XLPE / PVC / H16 / PVC)

IEC 60502-2

v' Cable terminals: Reinforced plugs (screwed)

v Accessories: Heating resistance by cabinet, theainost
mechanical and/or electrical interlocks, inspection windowsneafiiont nameplate and mimic buses.

EQUIPMENT

v' Bars: Cu with PVC sleeve and silver joints. A grounding bar will be included.

v' Switch: Three-phase, vacuum cut, removable in the car, manual ectdcal operation,
spring loading by accumulated energy, with closing coils and contactstie signaling. Resistance
class E2 / 10,000 M2.

v' Grounding disconnector: Endurance E2 / 1000-MO0

v Load disconnector Endurance E2 / 1000-M0O

v' Current transformers: dry type, transformer ratio 2500/1 and 630/5/f%Anum precision power 15
VA, accuracy class 0.5s/5P10, thermal rating factor 200, permissibionet Fs <=5, short-circuit
thermal current 5 kA

v Voltage transformers: dry type, withdrawable, transformer ratio 6¥80@0V3, V-120A3 V,
minimum accuracy power 30 VA, Minimum accuracy class: 0.5 protectiayste0.2 network
analyzer, 3P ferroresonance.

v Protections, signage and communication: - LED voltage pressure sensors

- Position and status indicator

- Phase correspondence verifier

- Local / remote control switch

- Manual reset lock-out relay

- Combined surge arrester Type 1 and 2, 100kA

- Multifunctional electronic relay (according to the
single-line diagram)
- Modbus communication protocol

- Communication port RS232
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CEP: 60.420-280 - Fortaleza - CE - Brasil

Cagece — Companhia de Agua e Esgoto do Ceara
Fone: (85) 3101.1719Fax: (85) 3101.1860 (



\! Companhia
X\ a e‘ e de Agua e Esgoto
do Ceard

- Communication port RS485

14.5.9.2.69 / 6.6kV Transformer
GENERAL INFORMATION

v
v

Service: 69/ 6.6 KV transformation

Number of equal transformers: 2(1+1)

DESIGN RESOURCES

v’ Altitude: <1000 m.s.n.m.
v Outdoor maximum / minimum temperature 30/0 °C
v Project temperature: 40 °C
v Relative humidity 75%
v' Type ofinstallation Outdoors
v' Environmental classification: High degree of marine pollution (IV) (I&@315), environmental
corrosivity classification C3 (ISO 9223).
v' Type of construction: Oil, IEC60076
v Refrigeration ONAF
v' Connection group: YNynO
v Neutral grounding method: Low resistance
v Climatic class: C1
v Environmental class: E2
v' Fire behavior class: F1
v" Nominal frequency: 60 Hz
v" Number of phases: 3
Assigned power (ONAN): 15.000 kVA
v" Nominal primary voltage: 69000 V
v" Nominal secondary voltage: 6600 V
v Auxiliary voltage: 127 Vcc / 220 Vac
v Primary insulation level: LI 325/AC 140/ Um 72.5
v Secondary insulation level: LI60O/AC20/Um 7.2
v Switch location (taps): Primary
v' Type of switch (taps): rechargeable, manual and automatic
v" Number of stages: 21
v' Tap regulation: +15%
25229¢

S N N N N MR

Primary terminal designation: 1U, 1V, 1W, 1IN
Secondary terminal designation: 2U, 2V, 2W, 2N
Magnetic circuit material: Magnetic sheet, grain oriented, @vloss

Primary and secondary windings fabrication:  Cu

Type of tank: Hot rolled steel sheet
Vacuum supported by tank: > 1.5 times kPa
Short-circuit impedance: 9.5%

Guaranteed maximum noise level: IEC 60076-10 dBa

ACCESSORIES:

v

NS N N N N N N N T N e e N N NN

&

Expansion tank

Terminal control box

Electrostatic screen

Welded radiators

Anchoring base

Damping elements

90 ° bidirectional transport wheels

Coolant emptying, filling and sampling valves

Oil level indicator, with alarm contact

Coolant temperature indicator, with alarm and trip devices
Pressure release valve

Buchholz relay

Sudden pressure relay with alarm and trip contacts
Temperature indicator at the hottest spot, with alarm and trip contacts
PT100 3-wire probe (removable in each winding)
Silicagel air dryer

Grounding terminals

Active patrt lifting of the lifting eye bolts, suspension loops and lifting hdokthe whole transformer

DIMENSIONS AND WEIGHTS

v

v
v
v
v

Total length: 5500 m
Total length: 5500 m
Total height: 3500 m
Total weight: 54000 kg
Insulating liquid weight: 14000 kg
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14.5.9.3. Transformer 6.6 /.4kVO
GENERAL INFORMATION

v Service: Low-voltage power distribution 6.6 / 0.4 kV
v" Number of equal transformers: 4
DESIGN RESOURCES
v' Altitude: <1000 m.s.n.m.
v Outdoor maximum / minimum temperature: 30/0 °C
v Project temperature: 40 °C
v Relative humidity: 75%
v Installation type: outdoor
v Environmental classification:

AN NN N N U N N N VU N N N N N N U N NN

High degree of marine pollutidf) (IEC 60815), environmental

corrosivity classification C3 (ISO 9223)

Type of construction:
Cooling:

Group de connection:
Neutral grounding method:
Climatic class:
Environmental class:

Fire behavior class:
Nominal frequency:
Number of phases:
Assigned power (ONAN):
Nominal primary voltage:
Nominal secondary voltage:
Auxiliary voltage:

Primary insulation level:
Secondary insulation level:
Switch location (taps):
Type of switch:

Number of stages:

Tap changer adjustment:

Primary terminal designation:

Secondary terminal designation:

25329¢

Oil
ONAN
Dyn11
Low resistance (400 A)
C1
E2
F1
60 Hz
3
3500 kVA
6600 V
400 V
127 Vdc / 220 Va
LI60/AC20/Um 7.2
LI_/AC3/Um11
Primary
Non-rechargeable, manual
5
*+ 5%, + 2.5%, 0%
1y, 1V, 1W
2U, 2V, 2W, 2N

NS NEE NN

Magnetic circuit material:
Primary and secondary windings fabrication: Cu
Type of tank: Corrugated cooling fins
Short-circuit impedance: 7%

Guaranteed maximum noise level: IEC 60076-10 dBa

ACCESSORIES:

v

NN N N N N N N T N N N N N N W NN

\

Expansion tank (if applicable)
Terminal control box

Electrostatic screen

Welded radiators

Anchoring base

Damping elements

90 ° bidirectional transport wheels
Drain valve

Filling valve

Coolant sampling valve

Oil level indicator, with alarm contact
Coolant temperature indicator, with alarm and trip devices
Pressure release valve

Buchholz relay

Sudden pressure relay with alarm and trip contacts

Magnetic plate, grain oriented, very tss |

Temperature indicator at the hottest spot, with alarm and trip contacts

PT100 3-wire probe (removable in each winding)
Silicagel air dryer

Grounding terminals

Active part lifting of the lifting eye bolts, suspension loops and lifting hdokthe whole transformer

Classification sign

DIMENSIONS AND WEIGHTS:

v

v
v
v
v

Total length: 3200 mm
Total length: 3200 mm
Total height: 2950 mm
Total weight: 1900 kg
Insulating liquid weight: 8400 kg
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14.5.9.4. Motor Control Center (MCC)

GENERAL INFORMATION

v
v

Service: Motor control and protection

Number of units:

DESIGN RESOURCES

v

D D N N N N N N N N N U N N N U N N N N N U N N NN

v

Altitude:

Outdoor maximum / minimum temperature:

Projected temperature of components:
Relative humidity:

Environmental classification:
Installation:

Construction standard:

Operation voltage:

Maximum service voltage:

Insulation level:

Nominal frequency:

Short circuit current (1s):

Neutral regime:

Configuration (phases / earth / neutral)
Voltage switching circuits:

Voltage controlling circuits:

Type of service:

Installation conditions:

Type of box:

Compartments, construction model:
Type of execution:

Protection level:

Protection level against mechanical damage:

Operational access:

Cable entry: Inferior

Cable outlet; Inferior

Expected reserve space:

25429¢

MCC1/MCC2/MCC3/MCC4/MCC5 e MCC9 (according teTa)

<1000 m.s.n.m.

30/0°C
40 °C
75%
Marine
Heated electrical room
IEC 60439-1, 60439-2
380V
+20%
1.1 kV
60 Hz
According to Table A
TT
3F+ N+ PE
220V
220V
Continuous
Indoor
2 mm thick galvanized steel metal sheet
4b and 3b
Removable
P42
10

Frontal

20%

v' Air-conditioning system:

v" Thermostat: Included

v Anti-condensation heater: Included

v Total column dimensions (height x depth x width): 2350x600x1100 mm

v" Weight by column: 500 kg

v" Main bus nominal work current: According to Table A
v Bus distribution nominal current: According to Table A
v' Material, splice junction and earth main bars: Cu

v" Arc-flash protection: Included

v" Module identification (mimic and plate): Included

v' Capacitor bank: Included

COMPLETE EQUIPMENT:

v" Removable unit
4 poles
Motorized control included
Electronic protection relay
Auxiliary contacts for status signal

Trigger coil transformers

NS N N N NN

Network analyzer
v’ Lightning rod class Il

COUPLING EQUIPMENT:
v" Removable unit

v' 4 poles

v Motorized control included

v’ Electronic protection relay

v' Auxiliary contacts for status signal
v’ Trigger coil transformers

DIRECT OUTPUT EQUIPMENT
v" Removable unit

v' 3 poles

v Door switch control

v'Auxiliary contacts for status signal

v

Auxiliary relays
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Differential relay
Toroidal transformer
Thermal protection relay
Thermal relay reset
Control circuit protection

Position switch on the door

S N N N S RN

Status signage on the door

v" Module identification on the door

EQUIPMENT DE SAIDA INVERTERDA VOLTA:

v" Removable unit

3 poles

Door switch control
Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer
Thermal protection relay
Thermal relay reset
Control circuit protection
Position switch on the door

Status signage on the door

AN N NN N Y U N N N RN

Module identification on the door

SOFT STARTER OUTPUT EQUIPMENT:

v" Removable unit

3 poles

Door switch control

Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer

Control circuit protection

b N N N N N N NN

Position switch on the door

v’ Status signage on the door
25529t

v Module identification on the door

FREQUENCY VARIATION OUTPUT EQUIPMENT:

v" Removable unit

3 poles

Door switch control

Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer

Control circuit protection

Position switch on the door

NN N N N N RN

Status signage on the door

\

Module identification on the door

TETRAPOLAR, TRIPOLAR OR BIPOLAR OUTPUT EQUIPMENT:

v" Removable unit

3 poles

Door switch control

Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer

Control circuit protection

Position switch on the door

N N N N NN

Status signage on the door

<\

Module identification on the door
COMMUNICATION:

v" MCC internal communication bus

v' Communication interface

v" PROFIBUS Communication Protocol

v" Communication port RS-232

v' Communication port RS-485
PROTECTION INPUT SWITCH:

v'Instantaneous overcurrent
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Permanent overcurrent

Neutral instantaneous overcurrent

v Neutral permanent overcurrent

MOTOR PROTECTIONS:

v

S N N N SR NN

Thermal overload
Locked rotor

Phase loss

Current unbalance
Phase reversal
High or low intensity
Lack of grounding
Motor temperature

High or low voltage

MEASUREMENTS

v

D N N N N N Y N NN

Measurements
Intensity

Voltage
Frequency

Motor temperature
Active power
Reactive power
Power factor
Active energy

Reactive energy

25629¢
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TABLE A
. MCCs
DATA INSTALLED
UNIT _
MCC | CURREN VOLTA | 5\weR | Protection
T AND 'T,'\IE(')V' DESCRIPTION STAN GE current ng:zvglz NOTES
CUTOFF Dy | OPER.
A/KA V. kW A
3.01 | BAP BOOSTER PUMP 0 4 380 315.00 400 VDF
MOTOR PUMP SUCTION INVERTER
302 | AND DISCHARGE 0 8 380 0.55 2 DRIVE
5000 A SUCTION AND DISCHARGH| INVERTER
MCC3| g [402 | UalvE 0 8 380 0.55 2 DRIVE
4.03 | RECIRCULATION PUMPS 0 4 380 315.00 400 VDF
SUCTION AND DISCHARGH| INVERTER
404 | 9rVE 0 8 380 0.55 2 DRIVE
SOFT
7.01 | PRODUCT WATER PUMPS | 1 4 380 160.00 400 STARTEF
SWITCHB.
CTB-SAL Circuit 1 1 380 - 1600 OUTPUT
3F+N+PE
SWITCHB.
vcca| 5000 A MCC?2 Circuit 1 1 380 ; 800 OUTPUT
80KA 3F+N+PE
SWITCHB.
MCCS5 Circuit 1 1 380 ; 800 OUTPUT
3F+N+PE
SWITCHB.
MCC6 Circuit 1 1 380 ; 100 OUTPUT
3F+N+PE
CHEMICAL CLEANING SOFT
son 901 | " OTOR PUME 0 2 380 160.00 400 STARTER
MCC5|  £oia SWITCHB.
9.05 | HEATING RESISTANCE 0 1 380 280.00 630 OUTPUT
3F+N+PE
11.03 | BLOWER SILENCER 1 2 380 1.10 3 DIRECT
FILTER  BACKWASHING SOFT
800 A
mccz| S00A 1801 | piye 1 2 380 200.00 630 STARTEF
FILTER BACKWASH SOFT
802 | Ll owER 1 2 380 75.00 250 STARTER
121 | SULFURIC ACID DOSING| 2 380 0.37 2 DIRECT
PUMF
SODIUM  HYPOCHLORITE
122 | DOSING PUMP 1 2 380 0.37 2 DIRECT
SODIUM  METABISULFITE
son | 123 | DOSING PUMP 1 2 380 0.37 2 DIRECT
MCC1l  ,4oka 124 | FERRIC CHLORIDE DOSING 5 380 0.37 5 DIRECT
“ | pPUMP :
125 | DISPERSANT DOSING PUMH 1 2 380 0.37 2 DIRECT
SWITCHB.
DOSING PUMP
12.37 0 1 250 8.50 25 OUTPUT
SWITCHBOARDS AEANPE
CALCIUM HYDROXIDE
129 | 5OSING PUME 1 2 380 0.37 2 DIRECT
SODIUM FLUOROSILICATE
12.10 | SSSING PUME 1 2 380 0.37 2 DIRECT
SODIUM  HYPOCHLORITE
ecs| 1004 1211 | J5SING PUME 1 2 380 0.37 2 DIRECT
A0KA 115 20 gg:;/l';UR'c ACID TRANSFER 4 1 380 5.50 16 DIRECT
SODIUM  HYPOCHLORIDE
12.23 | IR ANSFER PUMI 0 2 380 0.37 2 DIRECT
SODIUM  METABISULFITE
12.24 | R STATOR 0 1 380 1.50 6 DIRECT
25729¢

TABLE A
MCC MCCs
DATA INSTALLED
UNIT _
MCC | CURREN | 1M VOLTA | bo\wER | Protection
GE current TYPE OF
TAND | po DESCRIPTION STAN DRIVE NOTES
CUTOFF D-BY OPER.
A kA \Y kw A
FERRIC CHLORIDE
12.25 TRANSFER PUMI 0 1 380 5.50 16 DIRECT
12.26 | DISPERSANT AGITATOR 0 2 380 0.55 2 DIRECT
CARBON DIOXIDE SOFT
12.27 EVAPORATOR 0 L 380 15.00 40 STARTEFR
CALCIUM HYDROXIDE
12.28 TANK SYSTEM 0 1 380 1.50 6 DIRECT
SODIUM FLUOROSILICATE
12.29 AGITATOR 0 1 380 0.55 2 DIRECT
SWITCHB.
DOSING PUMP
12.37 0 1 250 5.00 16 OUTPUT
SWITCHBOARDS 3E+N+PE
13.03 | POWDER DOSING SCREW 1 1 380 0.37 2 DIRECT

14.5.9.5Low Voltage Distribution Board
GENERAL INFORMATION

v Service:

v" Number of units:
DESIGN RESOURCES

v Altitude:
Outdoor maximum / minimum temperature:
Project temperature of components:
Relative humidity:
Environmental classification:
Installation:
Construction standard
Operation voltage:
Maximum service voltage:
Insulation level:

Nominal Frequency:

Neutral regime:

S N N N N N N N N N NN

Configuration (phases / earth / neutral)

Motor control and protection

CBT-SAl e CBT-SAZ2 (according to Table b)

<1000 m.s.n.m.

30/0°C
40°C
75%
marine
heated electrical room
IEC 60439-1, 60439-2
380V
+20%
1,1 kV
60 Hz

TT
3F + N + PE

Cagece — Companhia de Agua e Esgoto do Ceara
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Switch circuit voltage: 220V

Control circuit voltage: 220V

Type of service: Continuous

Installation conditions: Indoor

Type of box: 2-mm thick galvanized steel metal sheet
Compartments, construction model: 4b e 3b

Type of execution: removable

Protection level: P42

Protection level against mechanical damage: 10

Operational access: Frontal

Cable entry: Inferior

Cable outlet: Inferior

Expected reserve space: 20%

Air-conditioning system: air

Thermostat: Included

Anti-condensation heater: Included

Total column dimensions (height x depth x width): 2350x600x1100 mm
Weight by column: 500 kg

Current assigned to main bus: According to Table B

Nominal current for bus distribution: According to Table B

Material, splice junction and earth main bars: Cu
Arc-flash protection: Included
Module identification (mimic and plate): Included
Capacitor bank: Included

COMPLETE EQUIPMENT:

v

A N N N N N

v

Removable unit

4 poles

Motorized control included
Electronic protection relay
Auxiliary contacts for status signal
Trigger coil transformers

Network analyzer

Lightning rod class Il

25829¢

COUPLING EQUIPMENT:

v

NS N N N

SOFT STARTER OUTPUT EQUIPMENT:

v

NS N N N N Y W N U N NN

Removable unit

4 poles

Motorized control included
Electronic protection relay
Auxiliary contacts for status signal

Trigger coil transformers

Removable unit

3 poles

Door switch control
Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer
Thermal protection relay
Thermal relay reset
Control circuit protection
Position switch on the door
Status signage on the door

Module identification on the door

SOFT STARTER OUTLET EQUIPMENT:

v

N N N N N N VR N NN

Removable unit

3 poles

Door switch control

Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer

Control circuit protection

Position switch on the door
Status signage on the door

Module identification on the door

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
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TETRAPOLAR, TRIPOLAR OR BIPOLAR OUTPUT EQUIPMENT:

v

CO

A N N - N N U N N N N

AN

Door switch control

Auxiliary contacts for status signal
Auxiliary relays

Differential relay

Toroidal transformer

Control circuit protection

Position switch on the door
Status signage on the door

Module identification on the door

MUNICATION:

MCC internal communication bus
Communication interface
PROFIBUS Communication Protocol
Communication port RS-232

Communication port RS-485

PROTECTION INPUT SWITCH:

v
v
v
v

Instantaneous overcurrent
Permanent overcurrent
Neutral instantaneous overcurrent

Neutral permanent overcurrent

MEASUREMENTS

v

D N N N N N Y N NN

Measurements
Intensity

Voltage
Frequency

Motor temperature
Active power
Reactive power
Power factor
Active energy

Reactive energy

25529¢

TABLE B
MCC
MCC
DATA INSTALLED
oot DESCRIPTION TS
VOLTA | POWE | CURREN
/Mcc | CURRENT | no GE R T TYPE OF NOTES
AND ITEM STAND | OPER DRIVE
CUTOFF BY
AJKA V. KW A
SOFT
BILGE PUMP 1 1 380 | 45.00 100 STARTER
INVERTER
1.03 | DISCHARGE VALVE 2 4 380 0.37 2 CRIVE
SWITCHB.
:_l\lgﬁﬁle EMERGENCY) 1 380 0.90 2 OUTPUT
3F+N+PE
SWITCHB.
SEAAAL'E'G RESISTANCE 1 380 0.50 1 OUTPUT
3F+N+PE
SWITCHB.
AUXILIARY SERVICE
0 1 380 401 10 OUTPUT
SWITCHBOARDS N pE
SWITCHB.
160 A PRESSURE SYSTEM 0 1 380 3.00 6 OUTPUT
CTB- 3F+N+PE
SA2 SWITCHB.
INDOOR  LIGHTING -
40 kA 0 1 380 0.90 2 OUTPUT
INTAKE BUILDING N pE
SWITCHB.
OUTDOOR  LIGHTING -
0 1 380 | 10.40 20 OUTPUT
INTAKE BUILDING N pE
SWITCHB.
POWER  OUTLETS
0 1 380 | 29.00 50 OUTPUT
INTAKE BUILDING N PE
SWITCHB.
HVAC - INTAKE BUILDING | 0 1 380 | 10.00 20 OUTPUT
3F+N+PE
Circuit MCC1 0 1 - - 32
SWITCHB.
OVERHEAD CRANE -
14.01 0 1 380 4.00 10 OUTPUT
INTAKE BUILDING N PE
SWITCHB.
UPS 1 1 380 | 30.00 50 OUTPUT
3F+N+PE
9.03 | DISPLACEMENT PUMPS 0 1 380 | 160.00| 400 SOFT
: : STARTER
SWITCHB.
DC SYSTEM 1 1 380 | 15.00 25 OUTPUT
3F+N+PE
CTB- [ 1600A EMERGENCY LIGHTING| L 280 072 ) EYJV'TL%";B'
SAl 50kA SUBSTATION BUILDING :
3F+N+PE
EMERGENCY  LIGHTING SWITCHB.
ADMINISTRATION 0 1 380 1.69 3 OUTPUT
BUILDING 3F+N+PE
SWITCHB.
EMERGENCY  LIGHTING
0 1 380 | 11.40 20 OUTPUT
OSMOSIS BUILDING N PE
HEATING  RESISTANCE| 0 1 380 | 2850 50 SWITCHB.

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
CEP: 60.420-280 - Fortaleza - CE - Brasil
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TABLE B
MCC
MCC
DATA INSTALLED
oceT DESCRIPTION UNITS
VOLTA | POWE | CURREN
/Mcc | CURRENT | o GE R T TYPE OF NOTES
AND ITEM STAND | OPER DRIVE
CUTOFF _BY
AlkA V. kw A
PUMPS OUTPUT
3F+N+PE
SWITCHB.
AUXILIARY SERVICES
0 1 380 81.94 125 OUTPUT
SWITCHBOARD SFENAPE
LV ELECTRICAL ROOM SWITCHB.
PRESSURIZATION 0 1 380 3.00 6 OUTPUT
SYSTEM 3F+N+PE
MV ELECTRICAL ROOM SWITCHB.
PRESSURIZATION 0 1 380 3.00 6 OUTPUT
SYSTEM 3F+N+PE
SWITCHB.
INDOOR  LIGHTING -
0 1 380 11.40 20 OUTPUT
OSMOSIS BUILDING SFENAPE
SWITCHB.
INDOOR  LIGHTING -
0 1 380 0.72 2 OUTPUT
SUBSTATION BUILDING 3FANAPE
SWITCHB.
INDOOR  LIGHTING -
0 1 380 1.69 6 OUTPUT
ADMISNISTRATION BLDG. SFENAPE
SWITCHB.
INDOOR  LIGHTING -
0 1 380 3.30 6 OUTPUT
PRODUCT BUILDING 3FANAPE
SWITCHB.
OUTDOOR LIGHTING 0 1 380 19.80 40 OUTPUT
3F+N+PE
SWITCHB.
OUTDOOR  LIGHTING -
0 1 380 12.00 20 OUTPUT
FILTERING AREA SFENAPE
SWITCHB.
OUTDOOR LIGHTING -
0 1 380 4.80 10 OUTPUT
PRODUCT WATER BLDG. 3FANAPE
SWITCHB.
OUTDOOR  LIGHTING -
0 1 380 3.20 6 OUTPUT
SUBSTATION BUILDING SFENAPE
SWITCHB.
POWER OUTLETS
0 1 380 57.00 100 OUTPUT
OSMOSIS BUILDING 3FANAPE
SWITCHB.
POWER OUTLETS
0 1 380 57.00 100 OUTPUT
SUBSTATION BUILDING IFAN+PE
POWER OUTLETS SWITCHB.
ADMINISTRATIVE 0 1 380 127.00 250 OUTPUT
BUILDING 3F+N+PE
SWITCHB.
POWER OUTLETS
0 1 380 29.00 50 OUTPUT
PRODUCT BUILDING 3FANAPE
SWITCHB.
:\é’g% LV ELECTRICAL 0 1 380 15.00 32 OUTPUT
3F+N+PE
26029k

TABLE B
MCC
MCC
DATA INSTALLED
oceT DESCRIPTION UNITS
VOLTA | POWE | CURREN
/Mcc | CURRENT | no GE R T TYPE OF NOTES
AND ITEM STAND | OPER DRIVE
CUTOFF _BY
Al KA \% kw A
SWITCHB.
:\ggiﬂ MV ELECTRICAL 0 1 380 30.00 63 OUTPUT
3F+N+PE
SWITCHB.
PRODUCT WATER PUMR
14.03 OVERHEAD CRANE 0 1 380 5.50 10 OUTPUT
3F+N+PE
SWITCHB.
SERVICE WATER
11.02 1 1 380 4.00 10 OUTPUT
COMPRESSOR SFAN+PE
OVERHEAD CRANE SWITCHB.
14.02 | PRODUCT WATER| 0 1 380 4.00 10 OUTPUT
BOOSTER PIPES 3F+N+PE
SWITCHB.
Circuit CTB-SA2 160 OUTPUT
3F+N+PE

14.5.9.6 Variable Frequency Inverter MT
GENERAL INFORMATION

v’ Service:

v" Number of equal units in operation

DESIGN RESOURCES

v' Altitude:

N N N N N N N N N N NN

Installation site:

Nominal voltage:

Relative humidity:

Project temperature do equipment:

Environmental classification:

Permissible input voltage variation:
Number of phases:

Nominal frequency:

Permissible input frequency variation:
Neutral grounding:

Short-circuit level:

Maximum average temperature / outside minimum:

54 +1)

<1000 m.s.n.m.

30/0 °C
75%
Heated electrical room

40 °C
Marine
6600 V
+/- 10%
3
60 Hz
+/- 2%
Grounding
25 kA

Operation and control of seawater pumps

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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Type of load:
1000 r.p.m., clockwise

Input switching element :
Semiconductor protection fuses:
AC voltage control:

CC voltage control:

Auxiliary power (control, maneuvers, heating resistance do motor, &8 kVA

Rectifier module technology
Rectifier module pulse number
Inverter module technology:

Brake chopper

Inverter contactor countdown:
Tropicalized range:

Transitory overload capacity/ s:
Permanent overload capacity:
Output frequency range max/min
Efficiency

Power factor

EMC Filter:

Harmonic filter:

Total harmonic distortion (THD):
Harmonic distortion voltage (THDu):
Current harmonic distortion (THDi):
Filter limit for dv / dt output:
Shielded cable in motor:
Guaranteed maximum noise level:
Heating resistance:

Type of cooling:

Extraction of hot air outside the room

Isolation transformer:
secondary voltage 6.6 kV

Protection level VDF:

Cabinet access:

26129¢

Squirrel cage motor, 710 kW, motor standard model,

Switch
Included

220 Vac

127 Vcc

Diodos
24
IGBT
Included
Included
Included
150%
120%
120/30%
0,97%

0,98
Included
Included

<5%
IEC519
IEC519

If applicable
If applicable

<85 dBa

Included

Air

Yes, applicable

Dry, integrated, 60 Hz, primary wgate5,6 kV

P42

Frontal

v
v

v

N N N N N N N N N U N U NN

<\

Cable entry:

Cable outlet:

VARIATOR PROTECTIONS:

Fast-acting input fuses
Overcurrent

Power semiconductor overload
Input phase loss

High inlet voltage

Low inlet voltage

Bus voltage limit

Low bus voltage

High feed frequency

Low feed frequency

Temperature of power semiconductors

Cooling temperature

Feed source failure

Software and hardware failure
Lack of grounding

Loss of analog signal inputs

MOTOR PROTECTIONS:

v

NS NEE NE NEE NN

v

Locked rotor

Short circuit

Phase loss

Motor overload

Voltage and phase current imbalance
Motor overheating (PTC)

Velocity limit

Torque limit

COMMUNICATION:

v

v
v
v

Integrated configuration panel
Alphanumeric display
Communication interface

PROFIBUS Communication Protocol

Inferior

Inferior

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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Communication port RS-232
Communication port RS-485

Expansion of optional cards

AN N NN

Temperature sensor winding connection (PT-100)
14.5.9.7 BT Variable Frequency Inverter
GENERAL INFORMATION

v" Service: Drive and control the booster motor pumps for pressure and leg@rcpumps.

Squirrel cage motor, 315 kW, standard motor

@3 kV

v" Number of equal units in operation 8
CONFIGURATION
v’ Altitude: <1000 m.s.n.m.
v" Maximum / minimum outdoors temperature range: 30/0 °C
v Relative humidity: 75%
v' Installation site: Heated electrical room
v' Equipment project temperature: 40°C
v Environmental classification: marine
v" Nominal voltage: 380V
v Permissible input voltage variation: +/- 10%
v" Number of phases: 3
v" Nominal frequency: 60 Hz
v Permissible input frequency variation: +/- 2%
v Neutral grounding: Grounding
v" Short-circuit level: 80 kA
v' Type of load:
construction, 1500 r.p.m., clockwise
v Input switching element: Switch
v' Semiconductor protection fuses: Included
v" AC voltage control: 220 Vac
v" CC voltage control: 127 Vcc
v Auxiliary power (control, maneuvers, motor heating resistance, etc.):
v Rectifier module technology IGTB
v Rectifier module pulse number 6 (low harmonic content)
v Inverter module technology: IGBT
v Brake chopper Included
26229t

N N N N N N N N N N N N U N N N N SR

\

Inverter contactor countdown:
Tropicalized range:

Transitory overload capacity/ s:
Permanent overload capacity:
Output frequency range max/min
Efficiency

Power factor

EMC Filter:

Harmonic filter:

Total harmonic distortion (THD):

Harmonic distortion voltage (THDu):

Current harmonic distortion (THD:i):
Dv / dt output filter limit:

Shielded cable in motor:
Guaranteed maximum noise level:
Heating resistance:

Type of cooling:

VFD Protection level:

Cabinet access:

Cable entry:

Cable outlet:

VARIATOR PROTECTIONS:

v

N N N N N N VR N NN

Fast-acting input fuses
Overcurrent

Power semiconductor overload
Input phase loss

High inlet voltage

Low inlet voltage

Bus voltage limit

Low bus voltage

High feed frequency

Low feed frequency

Power semiconductor temperature

Included
Included
150%
120%
120/30%
0,97%

0,98
Included
Included

<5% (PCC)

IEC519
IEC519
If applicable
If applicable
<85 dBa
Included
Air
P42
Frontal
Inferior

Inferior

Cagece — Companhia de Agua e Esgoto do Ceara
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Cooling temperature

Feed source failure

Software and hardware failure
Lack of grounding

Loss of analog signal inputs

MOTOR PROTECTIONS:

v

A N N N N NN

4

Locked rotor

Short circuit

Phase loss

Overload do motor

Voltage and phase current imbalance
Motor overheating (PTC)

Velocity limit

Torque limit

COMMUNICATION:

v

A N N N S RN

Integrated configuration panel
Alphanumeric display
Communication interface
PROFIBUS Communication Protocol
Communication port RS-232
Communication port RS-485

Expansion of optional cards

Temperature sensor winding connection (PT-100)
14.5.9.8.Soft Starter BT
GENERAL INFORMATION

v Service: Motodrive
v" Number of equal drives in operation:
Power
Equipment Unit (kW)
BILGE PUMP 1 45.00
CHEMICAL CLEANING PUMPS 2 160.00
DISPLACEMENT PUMPS 1 160.00

26329¢

PRODUCT WATER PUMP 5 160.00
FILTER BACKWASHING PUMPS 3 200.00
FILTER BACKWASHING BLOWER 3 75.00
CARBON DIOXIDE EVAPORATOR 1 15.00

DESIGN RESOURCES

v

AN N NN N Y N N N N N U N N N N D N N N NN

Altitude:

Outdoor maximum / minimum temperature:

Relative humidity:

Installation site:

<=1000 m.s.n.m.
30/0 °C
75%

Heated electrical room

Environmental classification: Marine
Nominal voltage: 380V
Permissible input voltage variation: + 20 %%
Number of phases: 3
Nominal frequency: 60Hz
Permissible input frequency variation: + 5%
Short-circuit level: 80 kA

Type of load:

Service:

Motor service factor:
Design standard:
Electronic technology:
Start capacity:

Bypass:

Voltage tap contactors:
Control voltage:
Tropicalized range:
Air-conditioning system:

Type of cabinet / assembly:

Compartments:

Squirrel cage motor, standard model, Class F.

Heavy continuous
1,15
IEC60947-4-2

Thyristors

10 No. / hours

Included (failure AS)

LC1D

220V

Included

Air

Powet 10 kW self-supporting metal / removable.

Power <110kW integrated to the MCC

None

Cagece — Companhia de Agua e Esgoto do Ceara
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v
v
v

v

Protection level: IP54
Cabinet access: Frontal
Cable entry: Inferior

Cable outlet: Inferior

PROTECTIONS:

v

AN N N N N N N N N N N N N N N

<\

Overvoltage

Voltage imbalance

Current

DC voltage

Current imbalance

Low current

Low voltage

Overload

Short circuit

Phase reversal

Input phase loss

Power semiconductors overheating
Power semiconductor overload
Lack of grounding
Programming failure
Communication failure
Excessive motor startups / hour
Locked rotor

Motor overload

Motor overheating (PTC)

COMMUNICATION:

v
v
v
v
v

Integrated configuration panel
Alphanumeric display
Communication interface RS485
PROFIBUS Communication Protocol

Communication port RS-232

26429¢

NN RN

Communication port RS-485

Connection to the temperature sensor windings
Lighting status sensor

Control switches

Boot mode switch

14.5.9.9 Capacitor Bank BT
GENERAL INFORMATION

v
v

Service:

Number of equal equipment in operation:

(PTC-100)

Low voltage reactive compensation

e
ltem DESCRIPTION
kVAr
COMPLEMENTARY SEAWATER
CTB-SA2 |SERVICES 25.00
COMPLEMENTARY OSMOSIS
CTB-SA1 |SERVICES 50.00
MCC2 MM FILTER BACKWASHING 220.00
MCC5 CHEMICAL CLEANING 50.00
MCC6 CHEMICAL DOSING 16.00
MCC4 PRODUCT WATER PUMPING 200.00

DESIGN RESOURCES

v

NN N N N N N R

Altitude:

Outdoor maximum / minimum temperature:
Relative humidity:

Installation site:

Type:

Project, construction and safety standard:
Operation voltage:

Number of phases:

Nominal frequency:

Frequency variation:

<1000 m.s.n.m.
30/0 °C
75%
Heated electrical room
Adjustable
IEC 61921
380V
3
60 Hz
+ 5%

Cagece — Companhia de Agua e Esgoto do Ceara
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v" Grounding: Landed

v Short-circuit level: 80 -50 - 40 kA

v Auxiliary control voltage: 230 V

v" Maximum THDu: 6%

v" Maximum THD:i: 25%

v' Type of cabinet: Self-supporting metal

v' Compartments: No

v" Modular / expandable: No

v Protection level: IP54

v" Cooling: Air

v Cable inlet / outlet: Inferior
CONDENSER CHARACTERISTICS:

v Capacitor connection: Triangle

v' Bank model: Cylindrical

v Dielectric material: Metalized PP

v Impregnation without PCB Yes

v Impregnation type: Capacitor connection

v Self-healing: Yes

v Useful life: 130000 h. aprox.

v Capacity tolerance: -0.5%

v Overload allowed: 1,1

v Allowed overcurrent: 1.81In

v' Harmonic reaction response: Yes

v Reject filter frequency: 189 Hz

v L tolerance: 0%

v' Reactor core saturation intensity: 1.2In

REGULATOR CHARACTERISTICS:
v' Automatic operation / manual and local / remote switch
v' Measurements and alarms display
v Stage connection indication

v' Alarm indicator

26529¢

ASSEMBLY AND PROTECTIONS:

v

NI

Automatic input switch

Voltage presence indicator (active line)
Control voltage transformer

Step protection fuses

Connection contactors

Overpressure disconnector

Discharge resistance

COMMUNICATION:

v

AN N N N Y N NN

Communication interface
PROFIBUS Communication Protocol
Communication port RS-232
Communication port RS-485

Power factor measurement

Power factor not reached alarm
Excessive temperature alarm
Overpressure alarm

Fuse trip alarm

14.5.9.10Uninterruptible Power Supply (UPS)
GENERAL INFORMATION

v
v

Service: Emergency AC power

Number of equal units in operation: 2(1+1)

DESIGN RESOURCES

v

AN N N N NN

Altitude: <1000 m.s.n.m.
Outdoor maximum / minimum temperature: 30/0 °C

Relative humidity: 85%

Installation site: Heated electrical room
Type: Anti-seismic

Input nominal voltage: 380Vac

Number of input phases: 3

Input voltage range: -10% + 15%

Cagece — Companhia de Agua e Esgoto do Ceara
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RECTIFIER MODULE CHARACTERISTICS:

v

NS N N N N NN

v

INVERTER MODULE CHARACTERISTICS:

v

Feed frequency:

Feed frequency variator:
Output voltage:

Number of outlet phases:
Nominal voltage:

Autonomy with 100% charge:
Autonomy with 50% charge:
Full-charge efficiency:

Short circuit current:

Harmonic distortion (THDv) with linear load:

Harmonic distortion (THDV) with non-linear load:

Noise level at 1m:

Type of cabinet:
Cabinet material:
Protection level:
Cabinet access:

Cable inlet / outlet:
Temperature regulation:

Air-conditioning system:

Technology type / rectifier:
Redundant:

Isolation transformer:

Charging time:

Rectifier outlet nominal voltage:
Nominal rectification current:
Floating load voltage:

Curling da output voltage:

Battery charging limit:

Technology type / inverter:

26629¢

60 Hz
10%
380 Vac
3
30 kVA
60 min
> 120 Min
88%
40 kA
<3%
3%
65 dBa
Self-supporting
Steel
IP32
Frontal
Inferior
Yes

Forced

Tiristor

Yes

Yes

8h

220 Vcc

45 A
240,80 Vcc
2%

Capacity / 10 A

IGBT

NS N N N N T N e O N N N N

(\

Redundant: Yes

Output voltage variation (0-100% of load): 2%

Output voltage variation as a function of input voltage: 1%

Time supported at overload: 150% 1 min
Time supported at overload: 125% 1 min
Time supported at overload: 120% 10 min
Type of battery / technology: NiCd
Battery life: 20 years
Filling interval: 5 years
Number of elements: 172
Redundant capacitor bank: Yes

Float voltage:
Fast charging voltage:
End cell voltage:

Charge / discharge cycle:

Type / electrolyte recipient material:

Battery case:

Protection level:

TRANSFER SYSTEM CHARACTERISTICS:

v

NN N N R

v

Automatic bypass switch:
Microprocessor control:
Overload:

Manual bypass switch:
Manual bypass switch type:
Transformer bypass:

Bypass transformer type:

Bypass isolation transformer class:

PROTECTIONS:

v
v
v

AC voltage
DC voltage
Low AC voltage

1.40 Vcc / element
1.45 Vcc / element
1.02 Vcc / element
60 min
polypropylene
Anti-seismic design
IPOO

Yes
Yes
500% - 10 ms
Yes
Before interval
Yes
Capacitor connection
H
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NN NN

v

Low DC voltage

Overload

Short circuit

Maximum current batteries
Current charger maximum input
No ground connection

No feed current

COMMUNICATION:

v

D N N N N N

Integrated configuration panel

Alarm contacts

Communication interface
PROFIBUS Communication Protocol
Communication port RS-232

Communication port RS-485

14.5.9.11Direct current system (DC)
GENERAL INFORMATION

v
v

Service:

Number of equal units in operation:

DESIGN RESOURCES

v

A N NN N N VN N

<

Altitude:

Trustworthy and uninterrupted power supply

2

Outdoor maximum / minimum temperature:

Relative humidity:
Installation site:
Environmental classification:
Type:

Input nominal voltage:
Number of input phases:
Input voltage range:

Feed frequency:

Feed frequency variator:

Output voltage:

26129¢

<1000 m.s.n.m.
30/0 °C
75%
Heated electrical room
Marine
Anti-seismic
3x380 V
3
+10%
60 Hz
10%
127 Vcec

NN N N N N N N N T N N N N N N U N NN

<

Input power factor:
Autonomy with 100% charge:
Autonomy with 50% charge:
Full charge efficiency (AC / DC):
Short circuit current:
Insulation level:

Neutral grounding system:
Noise level:

Type of cabinet:

Cabinet material:

Protection level:

Cabinet access:

Cable inlet / outlet:
Temperature regulation:
Air-conditioning system:
Technology type / rectifier:
Redundant:

Isolation transformer:
Rectifier outlet nominal voltage:
Nominal rectification current:
Output voltage curling:

Battery charging limit:

ACCUMULATOR BANK CHARACTERISTICS

v

AN N N N N NN

Type of battery / technology:
Capacity:

Battery life:

Filling interval:

Number of elements:
Redundant capacitor bank:
Float voltage:

Equalizing voltage:

0.8
480 min
960 min
90%
40 kA
2500 V
Tl
65 dBa
self-supporting
Steel
IP20
Frontal
Inferior
Yes
Forced
Thyristors
Yes
Yes
127 Vcc
150 A
1%
Capacity / 10 A

NiCd
550 Ah
20 years
5 years
94
Yes
1.40 Vcc / element
1.45 Vcc / element
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Floating current: <15A
Equalizing current: 55 A
End cell voltage: 1.13 Vcc

SR NEE RN

Battery case: Anti-seismic design
v Protection level: IPOO

PROTECTIONS:
v' AC voltage

DC voltage

Low AC voltage

Low DC voltage

Overload

Short circuit

Battery Current Limit

Charger input current limiting

AN N N Y N N NN

No ground connection

<\

No feed current
COMMUNICATION
v Integrated configuration panel
v Alarm contacts
v PROFIBUS Communication Protocol
v' Communication port RS-232
v/ Communication port RS-485
14.5.10.SIP Recirculating Pumps
GENERAL DATA
v Service: SIP recirculation pumping
v' Type of drive Electric motor with VFD
v" Number of equal pumps in operation 4
v" Number of equal pumps in reserve 0

DESIGN CHARACTERISTICS

v Flow at predetermined site m3/h 1,091

v Projected TDH m.c.l. 68.5

v"Suction pressure at predetermined site barg 57.5
26829t

v" Room temperature °C 40-20

v/ Seawater maximum temperature °C 30

v/ Seawater minimum temperature °C 22

v" Construction model Horizontal, between bearings

v" Number of stages 1

v' Type of impeller Simple suction

v" Impeller design Closed

v' Type of body Surface

v' Body division Radial

v' Body assembly Center line

v' Rotation direction (view from motor) Clockwise

v' Bearing model lifespan h. 60,000

v" N° de RTD/Pt-100 by bearing 1

v" Type of motor coupling Flexible
OPERATION CHARACTERISTICS

v" Normal work flow m3/h 1,091

v' Maximum expected work flow m3/h 1,200

v" Minimum expected work flow m3/h 982

v" TDH at normal flow m.c.l. 68.5

v" Minimum TDH at minimum flow m.c.l. 35

v/ Suction pressure bar 57.5

v" Pump performance with regular flow % 83

v" Power demanded by pump kW 252

v" Noise level in normal operation (incl. Motor) dB 85
MATERIALS DA PUMP

v' Body Superduplex PREN >40

v Impeller Superduplex PREN >40

v Axis Superduplex PREN >40

v" Axis housing

Superduplex PREN >40

14.5.11.Chemical Cleaning Pumps/Displacement

GENERAL INFORMATION

v’ Service:

Chemical cleaning/displacement pumping

v Type of drive Soft starter
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v
v

Number of equal pumps in operation 2

Number of equal pumps in reserve 1

DESIGN CHARACTERISTICS

v Flow at predetermined site m3/h 565

v Projected TDH m.c.l. 64.06

v Suction pressure at predetermined site barg 0,07

v" Room temperature °C 40-20

v/ Seawater maximum temperature °C 30

v/ Seawater minimum temperature °C 22

v" Construction model Horizontal, between bearings

v" Number of stages 1

v Type of impeller Simple suction

v Impeller design Closed

v' Type of body Surface

v Body division Radial

v" Body assembly Center line

v Rotation direction (view from motor) Clockwise

v Bearing model lifespan h. 60,000

v" N° de RTD/Pt-100 by bearing 1

v" Type of motor coupling Flexible
OPERATION CHARACTERISTICS

v Normal work flow m3/h 565

v" Maximum expected work flow m3/h 622

v" Minimum expected work flow m3/h 509

v" TDH at normal flow m.c.l. 64.06

v Minimum TDH at minimum flow m.c.l. 35

v" Suction pressure bar 0.07

v' Pump performance with regular flow % 80

v' Power demanded by pump kw 127

v Noise level in normal operation (incl. Motor)  dB 85
PUMP MATERIAL

v' Body AlSI 316

v Impeller AlSI 316

26529t

v
v

AXxis AlSI| 316

Axis housing AISI 316

14.5.12.Chemical Cleaning and Agitation Pumps
GENERAL INFORMATION

v
v
v
v

Service:
Type of drive
Number of equal pumps in operation

Number of equal pumps in reserve

DESIGN CHARACTERISTICS

v

N N N N N N N N N N NN

<\

Flow at predetermined site
Projected TDH

Suction pressure at predetermined site
Room temperature

Seawater maximum temperature
Seawater minimum temperature
Construction model

Number of stages

Type of impeller

Impeller design

Type of body

Body division

Body assembly

Rotation direction (view from motor)
Bearing model lifespan

N° de RTD/Pt-100 by bearing

Type of motor coupling

OPERATION CHARACTERISTICS

v

AN NEE NN

Normal work flow

Maximum expected work flow
Minimum expected work flow
TDH at normal flow

Minimum TDH at minimum flow

Suction pressure

Agitation and chemical cleaning pumping

Soft starter

2
0
m3/h 550
m.c.l. 5.68
barg 0.07
°C 40-20
°C 30
°C 22

Horizontal, between bearings
1

Simple suction

Closed
Surface
Radial
Center line
Clockwise
h. 60,000
1
Flexible
m3/h 550
m3/h 605
m3/h 495
m.c.l. 5.68
m.c.l. 3
bar 0.07
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v' Pump performance with regular flow % 75
v" Power demanded by pump kW 12
v Noise level in normal operation (incl. Motor) dB 85

PUMP MATERIAL

v' Body AlS| 316
v Impeller AlSI 316
v AXis AISI 316
v Axis housing AlSI 316

14.5.13.Product water pumps
GENERAL INFORMATION
v' Service:

v' Type of drive

Product water pumping

Soft starter

v" Number of equal pumps in operation 4
v" Number of equal pumps in reserve 1
DESIGN CHARACTERISTICS
v Flow at predetermined site m3/h 900
v Projected TDH m.c.l. 76.20
v Suction pressure at predetermined site  bar -0,01
v" Room temperature °C 40-20
v/ Seawater maximum temperature °C 30
v Seawater minimum temperature °C 22
v Construction model Horizontal, between bearings
v" Number of stages 1
v Type of impeller Simple suction
v Impeller design Closed
v' Type of body Surface
v Body division Radial
v" Body assembly Center line
v Rotation direction (view from motor) Clockwise
v Bearing model lifespan h. 60,000
v" N°de RTD/Pt-100 by bearing 1
v" Type of motor coupling Flexible

OPERATION CHARACTERISTICS
27029t

S N N N N N SR R

<\

Normal work flow

Maximum expected work flow
Minimum expected work flow

TDH at normal flow

Minimum TDH at minimum flow

TDH a Maximum expected work flow
Suction pressure

Pump performance with regular flow

Power demanded by pump

Noise level in normal operation (incl. Motor)

PUMP MATERIAL

v
v
v
v

Body AISI 316
Impeller AISI 316
Axis AlSI 316
AXxis housing AISI 316

14.5.14.Chemical Dosing Pumps

m3/h
m3/h
m3/h

m.c.l.

m.c.l.

m.c.l.

bar
%
kW
dB

900
990
810

76.20

20

85
295
85

14.5.14.1Group 1: Pre-treatment Sodium Hypochlorite Dosage
PUMP GENERAL INFORMATION

v
v

Type of pump

Number of equal pumps

Hydraulic command membrane pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v
v
v
v

Type of fluid
Maximum fluid temperature
Minimum fluid temperature

Density

PUMP OPERATING CONDITIONS

v

NS N N N NN

Operation’s nominal flow

Maximum flow

Minimum flow (10% of max)

Pressure de discharge a maximum flow
Voltage absorbed by pump

Regulation

Regulation accuracy

Sodium Hypochlorite

25 °C
15 °C
1.32  Kg/L
334 L/
500 L/h
50 L/h
8 barg
0.37 KW
10-100 %
+2 %
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v
v

Type of regulation

Lubrification system

MATERIALS

v

A N N N N NN

v

Injector body
Ball guides
Seats

Ball valves
Connection
Membrane
Joints

Spring-loaded ball valves

GENERAL MOTOR INFORMATION

4

AN N N NN NN

4

Equipped with servomotor

Nominal motor operating conditions
Feed voltage

Feed frequency

Feed

Motor nominal voltage

Type of protection

Type of insulation

Drive

SERVOMOTOR

v

S N N N SR RN

Feed voltage
Feed frequency
Feed

Nominal voltage
Type of protection
Control signal
Feedback signal

Local position sensor

Automatic 4-20 mA with position feedback 4-10 mA
Qil

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics

PVC or similar

PTFE
Viton
Hastelloy C
Yes
400 V.
50 Hz.
3-phase
0.37 KW
IP-55
Class F
Direct
230 V.
50 Hz.
Single-phase
0.37 KW
IP-65
4-20 mA
4-20 mA
Yes

14.5.14.2Group 2: Pre-treatment Sodium Hypochlorite Dosage
PUMP GENERAL INFORMATION

v

Type of pump

27129¢

Hydraulic command membrane pumps

v

Number of equal pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v
v
v
v

Type of fluid
Maximum fluid temperature
Minimum fluid temperature

Density

PUMP OPERATING CONDITIONS

v

N N N N N N SN

<\

Operation’s nominal flow

Maximum flow

Minimum flow (10% of max)

Suction pressure

Pressure de discharge a maximum flow
Voltage absorbed by pump

Regulation

Regulation accuracy

Type of regulation

Lubrification system

MATERIALS

v

AR NEE N N NEEN

Injector body
Ball guides
Seats

Ball valves
Connection
Membrane
Joints

Spring-loaded ball valves

GENERAL MOTOR INFORMATION

v

N N N N

Equipped with servomotor

Nominal motor operating conditions
Feed voltage

Feed frequency

Feed

Motor nominal voltage

Sodium Hypochlorite

25  °C
15  °C
1.32 KoL
15 L/
30 Lh
30 Lh

Atmospheric

8 bar
0.37 KW
10-100 %
+2 %

bar

Automatic 4-20 mA with position feedback 4-10 mA

Oill

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics

PVC or similar

PTFE
Viton
Hastelloy C
Yes
400 V.
50 Hz.
3-phase
0.37 KW
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v Type of protection

v' Type of insulation

v' Drive
SERVOMOTOR

v" Feed voltage
Feed frequency
Feed
Nominal voltage
Type of protection
Control signal

Feedback signal

AN N N NN NN

Local position sensor

IP-55
Class F

Direct

230 V.
50 Hz.

Single-phase
0.37 KW
IP-65
4-20 mA
4-20 mA

Yes

14.5.14.3Group 3: Pre-treatment Sulfuric Acid Dosage

PUMP GENERAL INFORMATION
v' Type of pump

v" Number of equal pumps

Hydraulic command membrane pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v Type of fluid
v' Maximum fluid temperature
v" Minimum fluid temperature
v Density
PUMP OPERATING CONDITIONS
v Operation’s nominal flow
Maximum flow
Minimum flow (10% of max)
Suction pressure
Pressure de discharge a maximum flow
Regulation
Regulation accuracy
Type of regulation

Lubrification system

MATERIALS

Sulfuric acid
25 °C
15 °C

1,84 Kg/L
18 L/h

40 L/h

50 L/h

Atmospheric  bar
8 bar
10-100 %
12 %

Automatic 4-20 mA with position feedback 4-10 mA

Oil

Injector body
Ball guides
Seats

Ball valves
Connection

Membrane

NS N N N N MR

Joints
v' Spring-loaded ball valves
GENERAL MOTOR INFORMATION

v' Equipped with servomotor

Feed voltage

Feed frequency

Feed

Motor nominal voltage

Type of protection

SN N N T RN

Type of insulation
v’ Drive
SERVOMOTOR
v" Feed voltage
Feed frequency
Feed
Nominal voltage
Type of protection
Control signal

Feedback signal

S N N N N RN

Local position sensor

Nominal motor operating conditions:

AISI 316 L
AISI 316 L
AISI 316 L

Glass, ceramics

AISI 316 L
PTFE
Viton
Hastelloy C
Yes
400 V.
50 Hz.
3-phase
0,37 KW
IP-55
Class F
Direct
230 V.
50 Hz.
Single-phase
0.37 KW
IP-65
4-20 mA
4-20 mA
Yes

14.5.14.4Group 4: Sulfuric Acid Dosage for Neutralization/Chemical Cleaimg

PUMP GENERAL INFORMATION
v' Type of pump

v" Number of equal pumps

Hydraulic command membrane pumps

2 (1+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v' Type of fluid

Sulfuric acid

27229¢
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v" Maximum fluid temperature
v" Minimum fluid temperature
v Density
PUMP OPERATING CONDITIONS
v Operation’s nominal flow
Maximum flow
Minimum flow (10% of max)

Suction pressure

v
v
v
v Pressure de discharge a maximum flow
v Voltage absorbed by pump
v" Regulation
v" Regulation accuracy
v' Type of regulation

v' Lubrification system
MATERIALS

v Injector body
Ball guides
Seats
Ball valves

Connection

Membrane

A N N N N N

Joints
v Spring-loaded ball valves
GENERAL MOTOR INFORMATION
v' Equipped with servomotor
Nominal motor operating conditions
Feed voltage
Feed frequency
Feed
Motor nominal voltage

Type of protection

N N N N N S

Type of insulation
v Drive
27529¢

25  °C
15  °C
1.84 KglL
334 L/
500 L/h
50 L

Atmospheric  bar
8 bar
0,37 KW
10-100 %
12 %
Automatic 4-20 mA with position feedback 4-10 mA
Oil

AISI 316 L

AISI 316 L

AISI 316 L
Glass, ceramics
AlISI 316 L
PTFE

Viton

Hastelloy C

Yes

400 V.
50 Hz.
3-phase
0.37 KW
IP-55
Class F

Direct

SERVOMOTOR

v" Feed voltage
Feed frequency
Feed
Nominal voltage
Type of protection
Control signal

Feedback signal

S N N N N R

Local position sensor

230 V.
50 Hz.

Single-phase
0.37 KW
IP-65
4-20 mA
4-20 mA

Yes

14.5.14.5Group 5: Pretreatment Sodium Metabisulfite Dosage

PUMP GENERAL INFORMATION
v' Type of pump

v" Number of equal pumps

Hydraulic command membrane pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v' Type of fluid
v' Maximum fluid temperature
v" Minimum fluid temperature
v' Density
PUMP OPERATING CONDITIONS
v' Operation’s nominal flow
Maximum flow
Minimum flow (10% of max)
Suction pressure
Maximum discharge pressure
Voltage absorbed by pump
Regulation

Regulation accuracy

N N N N N N RN

Type of regulation

\

Lubrification system
MATERIALS

v Injector body

v/ Ball guides

v’ Seats

Sodium Metabisulfite

25  °C
15  °C
1.48 KglL
119 L/
150  L/h

L/h

Atmospheric  bar
8 bar
0.37 KW
10-100 %
12 %
Automatic 4-20 mA with position feedback 4-10 mA
Oil

PVC or similar
PVC or similar

PVC or similar
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Ball valves
Connection

Membrane

AN N NN

Joints
v Spring-loaded ball valves
GENERAL MOTOR INFORMATION

v" Equipped with servomotor

Feed voltage

Feed frequency

Feed

Motor nominal voltage

Type of protection

<N X XX X

Type of insulation
v Drive
SERVOMOTOR
v" Feed voltage
Feed frequency
Feed
Nominal voltage
Type of protection
Control signal

Feedback signal

N N N N N N

Local position sensor
14.5.14.6Group 6: Ferric chloride dosage
PUMP GENERAL INFORMATION

v' Type of pump

v" Number of equal pumps

Nominal motor operating conditions:

Glass, ceramics
PVC or similar
PTFE

Viton

Hastelloy C

Yes

400 V.
50 Hz.
3-phase
0.37 KW
IP-55
Class F

Direct

230 V.
50 Hz.
Single-phase
0.37 KW
IP-65
4-20 mA
4-20 mA

Yes

Hydraulic command membrane pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v Type of fluid
v" Maximum fluid temperature

v" Minimum fluid temperature
27429t

Ferric chloride
25 °C
15 °C

v' Density
PUMP OPERATING CONDITIONS
v" Operation’s nominal flow
Maximum flow
Minimum flow (10% of max)
Suction pressure
Maximum discharge pressure
Voltage absorbed by pump
Regulation

Regulation accuracy

N N N N N N NN

Type of regulation

<\

Lubrification system
MATERIALS

v Injector body
Ball guides
Seats
Ball valves
Connection

Membrane

NS NEE N N NEEN

Joints
v' Spring-loaded ball valves
GENERAL MOTOR INFORMATION
v' Equipped with servomotor
Nominal motor operating conditions
Feed voltage
Feed frequency
Feed
Motor nominal voltage

Type of protection

SN N N N N RN

Type of insulation
v’ Drive
SERVOMOTOR
v" Feed voltage

1.42  Kg/L
40 L/

60  L/h
6.0 Lh

Atmospheric  bar
8 bar

0.37 KW

10-100 %

+2 %

Automatic 4-20 mA with position feedback 4-10 mA

Oill

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics
PVC or similar
PTFE

Viton

Hastelloy C

Yes

400 V.
50 Hz.

3-phase
0.37 KW
IP-55

Class F

Direct

230 V.
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Feed frequency
Feed

Nominal voltage
Type of protection
Control signal

Feedback signal

S N N N S RN

Local position sensor
14.5.14.7Group 7: Dispersant Dosage
PUMP GENERAL INFORMATION

v' Type of pump

v" Number of equal pumps

50 Hz.
Single-phase
0.37 KW
IP-65

4-20 mA
4-20 mA

Yes

Hydraulic command membrane pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v' Type of fluid
v" Maximum fluid temperature
v" Minimum fluid temperature
v Density
PUMP OPERATING CONDITIONS
v Operation’s nominal flow
Maximum flow
Minimum flow (10% of max)
Suction pressure

Maximum discharge pressure

v

v

v

v

v Voltage absorbed by pump
v" Regulation

v" Regulation accuracy

v' Type of regulation

v

Lubrification system

MATERIALS
v"Injector body
v Ball guides
v’ Seats

v' Ball valves
27529EF

Dispersant
25 °C
15 °C

1,0  KglL
4 L/h

10 L/h

1.0 L/h

Atmospheric  bar
8 bar
0,37 KW
10-100 %
12 %
Automatic 4-20 mA with position feedback 4-10 mA
Oil

PVC or similar
PVC or similar
PVC or similar

Glass, ceramics

v Connection PVC or similar

v" Membrane PTFE

v Joints Viton

v Spring-loaded ball valves Hastelloy C
GENERAL MOTOR INFORMATION

v" Equipped with servomotor Yes

v/ Nominal motor operating conditions

v' Feed voltage 400 V.

v' Feed frequency 50

v Feed 3-phase

v" Motor nominal voltage 0.37 KW

v' Type of protection IP-55

v' Type of insulation Class F

v’ Drive Direct
SERVOMOTOR

v' Feed voltage 230 V.

v' Feed frequency 50 Hz.

v Feed Single-phase

v" Nominal voltage 0.37 KW

v' Type of protection IP-65

v' Control signal 4-20 mA

v' Feedback signal 4-20 mA

v Local position sensor Yes

14.5.14.8Group 8: Post-treatment Powder Activated Carbon Dosage

PUMP GENERAL INFORMATION
v' Type of pump
v" Number of equal pumps 3 (2+1) Units
CHARACTERISTICS OF THE FLUID TO BE DOSED

v Type of fluid Activated carbon

v" Maximum fluid temperature 25 °C
v" Minimum fluid temperature 15 °C
v' Density 2.0 Kg/L

PUMP OPERATING CONDITIONS

Hydraulic command membrane pumps
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Operation’s nominal flow
Maximum flow

Minimum flow (10% of max)
Suction pressure

Maximum discharge pressure
Voltage absorbed by pump
Regulation

Regulation accuracy

D N N N N N Y N NN

Type of regulation

\

Lubrification system
MATERIALS

v Injector body
Ball guides
Seats
Ball valves
Connection

Membrane

A N N N N NN

Joints
v Spring-loaded ball valves
GENERAL MOTOR INFORMATION

v Equipped com servo-motor

Feed voltage

Feed frequency

Feed

Motor nominal voltage

Type of protection

S N N N S RN

Type of insulation
v' Drive
SERVOMOTOR
v" Feed voltage
v Feed frequency
v Feed
27629t

Nominal motor operating conditions

80 L/h
160 L/h
L/h
Atmospheric  bar
8 bar
0.37 KW
10-100 %
12 %
Automatic 4-20 mA with position feedback 4-10 mA
Oil

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics

PVC or similar

PTFE
Viton
Hastelloy C
Yes
400 V.
50 Hz.
3-phase
0.37 KW
IP-55
Class F
Direct
230 V.
50 Hz.
Single-phase

Nominal voltage
Type of protection
Control signal

Feedback signal

NS N N NN

Local position sensor

14.5.14.9Group 9: Post-treatment CO2 Dosage

PUMP GENERAL INFORMATION
v' Type of pump

v" Number of equal pumps

0.37 KW

4-20 mA
4-20 mA

Hydraulic command membrane pumps

2 (1+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v' Type of fluid
v" Maximum fluid temperature
v" Minimum fluid temperature
v" Pure product dose
PUMP OPERATING CONDITIONS
v" Operation’s nominal flow
Maximum flow
Minimum flow (10% of max)
Suction pressure
Maximum discharge pressure
Regulation

Regulation accuracy

S N N N T NN

Type of regulation
v Lubrification system
MATERIALS
v Injector body
Ball guides
Seats
Ball valves
Connection
Membrane

Joints

SN N N T N

Spring-loaded ball valves

Carbon dioxide

25  oC
15 °C
35  KglL
126  kg/h

250  kg/h

250 L/

Atmospheric  bar

8 bar
10-100 %
+2 %

Automatic 4-20 mA with position feedback 4-10 mA

Oil

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics
PVC or similar
PTFE
Viton

Hastelloy C

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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GENERAL MOTOR INFORMATION

v' Equipped with servomotor Yes

v" Nominal motor operating conditions

v" Feed voltage 400 V.

v Feed frequency 50 Hz.

v Feed 3-phase

v" Motor nominal voltage 3 KW

v Type of protection IP-55

v Type of insulation Class F

v Drive Direct
SERVOMOTOR

v" Feed voltage 230 V.

v Feed frequency 50 Hz.

v Feed Single-phase

v" Nominal voltage 0.37 KW

v' Type of protection IP-65

v Control signal 4-20 mA

v" Feedback signal 4-20 mA

v Local position sensor Yes

14.5.14.10Group 10: Post-treatment Calcium hydroxide Dosage

PUMP GENERAL INFORMATION

v' Type of pump Hydraulic command membrane pumps

v" Number of equal pumps 5 (4+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

V' Type of fluid Calcium hydroxide (lime)

v" Maximum fluid temperature 25
v" Minimum fluid temperature 15

PUMP OPERATING CONDITIONS

v Operation’s nominal flow 8

v" Maximum flow 351

v" Minimum flow (10% of max) 450

v Suction pressure Atmospheric
v" Maximum discharge pressure 120

27129¢

AR NEN

Regulation
Regulation accuracy
Type of regulation

Lubrification system

MATERIALS

v

AR NE N N AN

v

SN N N T MR

Injector body
Ball guides
Seats

Ball valves
Connection
Membrane

Joints

Spring-loaded ball valves
GENERAL MOTOR INFORMATION
Equipped with servomotor

Nominal motor operating conditions

Feed voltage
Feed frequency

Feed

Motor nominal voltage

Type of protection
Type of insulation

Drive

SERVOMOTOR

v

NS N N N N RN

Feed voltage
Feed frequency
Feed

Nominal voltage
Type of protection
Control signal
Feedback signal

Local position sensor

10-100 %

12 %

Automatic 4-20 mA with position feedback 4-10 mA
oil

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics

PVC or similar

PTFE
Viton
Hastelloy C
Yes
400 V.
50 Hz.
3-phase
25 KW
IP-55
Class F
Direct
230 V.
50 Hz.
Single-phase
0,37 KW
IP-65
4-20 mA
4-20 mA
Yes

14.5.14.11Group 11: Sodium Fluorosilicate Dosage

Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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PUMP GENERAL INFORMATION

v
v

Type of pump

Number of equal pumps

Hydraulic command membrane pumps

3 (2+1) Units

CHARACTERISTICS OF THE FLUID TO BE DOSED

v
v
v
v

Type of fluid
Maximum fluid temperature
Minimum fluid temperature

Density

PUMP OPERATING CONDITIONS

Operation’s nominal flow
Maximum flow

Minimum flow (10% of max)
Suction pressure

Maximum discharge pressure
Voltage absorbed by pump
Regulation

Regulation accuracy

Type of regulation

Lubrification system

MATERIALS

v

LSRN N N NN

Injector body
Ball guides
Seats

Ball valves
Connection
Membrane
Joints

Spring-loaded ball valves

GENERAL MOTOR INFORMATION

v
v
v
v

Equipped with servomotor
Nominal motor operating conditions
Feed voltage

Feed frequency

27829¢

Sodium Fluorosilicate

25  °C
15  °C
1,00 KgiL
18 L/
40 Lk
40 L

Atmospheric  bar
8 bar
0,37 KW
10-100 %
12 %
Automatic 4-20 mA with position feedback 4-10 mA
Oil

PVC or similar
PVC or similar
PVC or similar
Glass, ceramics

PVC or similar

PTFE
Viton
Hastelloy C
Yes
400 V.
50 Hz.

Feed
Motor nominal voltage

Type of protection

NS NEE NN

Type of insulation
v Drive
SERVOMOTOR
v" Feed voltage
Feed frequency
Feed
Nominal voltage
Type of protection

Control signal

SN N N NN

Feedback signal

v' Local position sensor
14.5.15 Metal Tanks
GENERAL INFORMATION:

v Service:

v" Number of tanks
FLUID CHARACTERISTICS :

v' Type of fluid:

v" Concentration: %

v' Density:

v' Maximum temperature:

ENVIRONMENTAL CONDITIONS :

v' Temperature

v" Humidity

v" Annual precipitation
DESIGN CONDITIONS:

v Design code:

v" Project pressure

v Pressure proof

v" Work pressure:

v

Body thickness:

3-phase
0,22 KW
IP-55

Class F

Direct

230 V.
50 Hz.

Single-phase
0.37 KW
IP-65
4-20 mA
4-20 mA

Yes

Storage - Sulfuric acid

2
Sulfuric acid
98
kg/L 1,84 kg/l
°C 40
°C 20-40
75 %
133 mm

ASME Sac. VIII, Div. 1 or similar
barg Full + 0.5 mcl

barg According to design code
barg  Atmospheric

mm  According to design code

Cagece — Companhia de Agua e Esgoto do Ceara
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v
v

v Reservoir unit capacity (useful volume): m3

Head thickness: mm

Extra thickness for corrosion: Yes

RESERVOIR CHARACTERISTICS :

v
v
v
v

According to design code

Type: Cylindrical with Korbbogen head (horizontal or vertical, as advy manufacturer)

Installation:

Design and construction for a useful life of:

Design and construction for a continuous operation of:

ACCESSORIES:

v

A N N N N NN

v

Lifting Eye Bolts (yes/no):
Bench anchoring system:
Characteristics plate
Grounding system
Manway access cover

Stairs, handrails, platforms, etc.:

Metal support for agitator with anti-corrosion coat

Equipped with electric agitator

CONNECTIONS (Type, DN and PN/Schedule)

v Reactive load input (superior head): 1 unit DN-80 PN-10
v' Common suction pumps: DN-25 PN-10
v' Level transmitter
(installed near the bottom of the tank, measured by a water column): 1 unit DN-80 PN-10
v' Manway access cover DN-600 PN-10
v Ventilation: DN-80 PN-10
v' Overflow: DN-80 PN-10
v Drainage: DN-80 PN-10
MATERIALS :
v" Body and heads: S 275
v Flanges: RSt 37.2
v"Interior lining: no
v Exterior painting: sandblasting at SA-2 %, application of a 10@emiepoxy primer coat, application of an

intermediate 50-micron paint coat.

14.5.16.GRP Tanks

27529¢

Outdoors
25 years
h/year 8,600

yes
yes
yes
yes
yes
yes (if needed)
no

no

14.5.16.1Pre-treatment Sodium Hypochlorite Tanks

GENERAL INFORMATION:
v’ Service: Sodium Hypochlorite storage
v" Number of tanks 2

FLUID CHARACTERISTICS:

v' Type of fluid: Sodium Hypochlorite

v Concentration: % 16

v' Density: kg/L  1.24 kg/l

v' Maximum temperature: °C 40
ENVIRONMENTAL CONDITIONS :

v' Temperature °C 20-40

v" Humidity 75 %

v" Annual precipitation 133 mm

DESIGN CONDITIONS:

v Project pressure barg Full of water + 0.5 mcl

v" Pressure proof barg Complete water seal

v" Work pressure: barg  Atmospheric

v' Body thickness: mm  According to design code
v" Head thickness: mm  According to design code

v' Reservoir unit capacity (useful volume): m3 1

RESERVOIR CHARACTERISTICS :

v’ Type: Vertical cylinder, plain base
v Superior head:

v Installation: Exterior

v Design and construction for a useful life of: years

With opening and pumping capabilities

v" Design and construction for a continuous operation of: h/year 8,600

ACCESSORIES
v' Lifting Eye Bolts (yes/no):
v' Bench anchoring system:
v Stairs, handrails, platforms, etc.:
v' Metal support for agitator with anti-corrosion coat
v' Equipped with electric agitator
CONNECTIONS (Type, DN and PN/Schedule)

Cagece — Companhia de Agua e Esgoto do Ceara
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Reactive load input (superior head): 1 unit DN-80 PN-10
1 unit DN-25 PN-6

Common suction pumps:

Level transmitter (installed near the bottom of the tank, measurewateacolumn):

DN-80 PN-6

Manway access cover

Ventilation:

Overflow:

Drainage:

MATERIALS :

v

v
v
v

Body and heads:
Mechanic reinforcement:
Chemical barrier:

UV radiation protection

14.5.16.2Ferric Chloride Tanks
GENERAL INFORMATION :

v
v

Service:

Number of tanks

FLUID CHARACTERISTICS:

v
v
v
v

ENVIRONMENTAL CONDITIONS :

v
v
v

Type of fluid:
Concentration:
Density:

Maximum temperature:

Temperature
Humidity

Annual precipitation

DESIGN CONDITIONS:

1 unit DN-600 PN-6
1 unit DN-25 PN-6
1 unit DN-80 PN-6
1 unit DN-80 PN-6

GRP
Orthophthalic resin
Vinyl resin

yes

Storage Ferric chloride

2

Ferric chloride
%
kg/L 1.42 kg/l

°C 40
°C 20-40
75 %
133 mm

Full of water + 0,5 mcl

Tightness (full of water)

According to design code

According to design code

v Project pressure: barg

v Pressure proof: barg

v" Work pressure: barg  Atmospheric

v Body thickness: mm

v Head thickness: mm

v" Reservoir unit capacity (useful volume): m3 30
28029t

RESERVOIR CHARACTERISTICS :

v
v
v
v
v

Type:
Superior head:

Installation:

Vertical cylinder, plain base

Design and construction for a useful life of:

Design and construction for a continuous operation of:

ACCESSORIES:

With opening and pumping capabilities

Exterior

years 25

h/year 8,600

v Lifting Eye Bolts (yes/no): yes

v' Bench anchoring system: yes

v Stairs, handrails, platforms, etc.: yes

v' Metal support for agitator with anti-corrosion coat no

v' Equipped with electric agitator no
CONNECTIONS (Type, DN e PN/Schedule)

v' Reactive load input (superior head): 1 unit DN-80 PN-10

v/ Common suction pumps: 1 unit DN-25 PN-6

v" Level transmitter (installed near the bottom of the tank, measuredvaieacolumn): 1

DN-80 PN-6

v' Manway access cover: 1 unit DN-600 PN-6

v Ventilation: 1 unit DN-25 PN-6

v" Overflow: 1 unit DN-80 PN-6

v' Drainage: 1 unit DN-80 PN-6
MATERIALS :

v" Body and heads: GRP

v' Mechanic reinforcement: Orthophthalic resin

v' Chemical barrier: Vinyl resin

v" UV radiation protection yes

14.5.16.3Sodium Metabisulfite Tanks

GENERAL INFORMATION :

v
v

Service:

Number of tanks

FLUID CHARACTERISTICS :
v' Type of fluid:

v' Density:

Sodium metabisulfite solution

2

Sodium metabisulfite

kg/L

1.2 kgl

Cagece — Companhia de Agua e Esgoto do Ceara
Av. Dr. Lauro Vieira Chaves, 1030 — Vila Unido
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Maximum temperature: °C 40

ENVIRONMENTAL CONDITIONS :

v
v
v

Temperature °C 20-40
Humidity 75 %
Annual precipitation 133 mm

DESIGN CONDITIONS:

v

DN N N

Project pressure: barg Full of water + 0,5 mcl
Pressure proof: barg Tightness (full of water)
Work pressure: barg  Atmospheric

Body thickness: mm  According to design code

Head thickness: mm  According to design code

Reservoir unit capacity (useful volume): m3 1

RESERVOIR CHARACTERISTICS:

v
v
v
v
v

Type: Vertical cylinder, plain base

Superior head: Plain, with opening and electric agitator capabilitie
Installation: Exterior

Design and construction for a useful life of: years 25

Design and construction for a continuous operation of: h/year 8.600

ACCESSORIES

v' Lifting Eye Bolts (yes/no): yes

v Bench anchoring system: yes

v’ Stairs, handrails, platforms, etc.: yes

v" Metal support for agitator with anti-corrosion coat yes

v' Equipped with electric agitator yes
CONNECTIONS (Type, DN e PN/Schedule)

v Service water inlet (superior head): 1 unit DN-50 PN-10

v' Common suction pumps: 1 unit DN-25 PN-6

v Level transmitter
(installed near the bottom of the tank, measured by a water column): unit 1 DN-80 PN-6
v Ventilation: 1 unit DN-25 PN-6
v Overflow: 1 unit DN-80 PN-6
v Drainage: 1 unit DN-80 PN-6
MATERIALS :
28129¢

NS NE NN

Body and heads:

Mechanic reinforcement:

Chemical barrier:

UV radiation protection

14.5.16.4Dispersant Tanks
GENERAL INFORMATION :

v
v
v

Service:
Number of tanks:

Equipment tags:

FLUID CHARACTERISTICS :

v
v
v
v
v

Type of fluid:
Concentration:
Density:
Viscosity:

Maximum temperature:

ENVIRONMENTAL CONDITIONS :

v
v
v

Temperature
Humidity

Annual precipitation

DESIGN CONDITIONS:

v
v
v
v
v

v

RESERVOIR CHARACTERISTICS :

v
v
v
v
v

Project pressure:
Pressure proof:
Work pressure:
Body thickness:

Head thickness:

Reservoir unit capacity (useful volume):

Type:
Superior head:

Installation:

Design and construction for a useful life of:

Design and construction for a continuous operation of:

ACCESSORIES:

barg
barg
barg

GRP
Orthophthalic resin
Vinyl resin

yes

Dispersant solution

2
Dispersant
%
kg/L 1,4 kg/l
cps
°C 40
°C 20-40
75 %
133 mm

Full of water + 0.5 mcl
Tightness (full of water)
Atmospheric

mm  According to design code
mm

S m 05

According to design code

Vertical cylinder, plain base
Plain, with opening and electric agitator cajpebilit
Exterior
years 25
h/year 8,600
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v

Lifting Eye Bolts (yes/no):

Bench anchoring system:

Stairs, handrails, platforms, etc.:

Metal support for agitator with anti-corrosion coat

Equipped with electric agitator

CONNECTIONS (Type, DN e PN/Schedule)

v
v
v

v
v
v

Service water inlet (superior head): 1 unit
Common suction pumps: 1 unit

Level transmitter (installed near the bottom of the tank, measurewateacolumn):

DN-80 PN-6
Ventilation: 1 unit
Overflow: 1 unit

Drainage: 1 unit

MATERIALS :

v

v
v
v

Body and heads: GRP
Mechanic reinforcement: Orthophthalic resin
Chemical barrier: Vinyl resin

UV radiation protection yes

14.5.16.5Sodium fluorosilicate Tanks
GENERAL INFORMATION:

v
v
v

Service: Sodium fluorosilicate solution

Number of tanks 2

Equipment tags:

FLUID CHARACTERISTICS:

v
v
v
v
v

Type of fluid: Sodium fluorosilicate
Concentration: %

Density: kg/L 1.2 kgl/l
Viscosity: cps

Maximum temperature: °C 40

ENVIRONMENTAL CONDITIONS:

v
v
v

Temperature °C 20-40
Humidity 75 %

Annual precipitation 133 mm

28229¢

yes
yes
yes

yes

yes

DN-50 PN-10
DN-25 PN-6

DN-25 PN-6
DN-80 PN-6
DN-80 PN-6

DESIGN CONDITIONS:

v
v
v
v
v

v

Project pressure: barg Full of water + 0.5 mcl

Pressure proof: barg Tightness (full of water)

Work pressure: barg  Atmospheric

Body thickness: mm  According to design code
Head thickness: mm  According to design code
Reservoir unit capacity (useful volume): m 1

RESERVOIR CHARACTERISTICS :

v
v
v
v
v

Type: Vertical cylinder, plain base

Superior head: Plain, with opening and electric agitator capabilities
Installation: Exterior

Design and construction for a useful life of: years 25

Design and construction for a continuous operation of: h/year 8,600

ACCESSORIES:

v
v
v
v
v

Lifting Eye Bolts (yes/no): yes
Bench anchoring system: yes
Stairs, handrails, platforms, etc.: yes
Metal support for agitator with anti-corrosion coat yes
Equipped with electric agitator yes

CONNECTIONS (Type, DN e PN/Schedule)

v' Service water inlet (superior head): 1 unit DN-50 PN-10

v/ Common suction pumps: 1 unit DN-25 PN-6

v Level transmitter

(installed near the bottom of the tank, measured by a water column): unit 1 DN-80 PN-6

v Ventilation: 1 unit DN-25 PN-6

v' Overflow: 1 unit DN-80 PN-6

v Drainage: 1 unit DN-80 PN-6
MATERIALS :

v' Body and heads: GRP

v" Mechanic reinforcement: Orthophthalic resin

v" Chemical barrier: Vinyl resin

v" UV radiation protection yes

14.5.16.6 Post-treatment Sodium Hypochlorite Tanks
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GENERAL INFORMATION :
v Service: Storage - Sodium Hypochlorite
v Number of tanks 2
v' Equipment tags:

FLUID CHARACTERISTICS :

v Type of fluid: Sodium Hypochlorite

v Concentration: %

v Density: kg/L  1.24 kg/l

v’ Viscosity: cps

v' Maximum temperature: °C 40
ENVIRONMENTAL CONDITIONS :

v' Temperature °C 20-40

v" Humidity 75 %

v Annual precipitation 133 mm

DESIGN CONDITIONS:

v Project pressure barg Full of water + 0.5 mcl
v Pressure proof barg Tightness (full of water)
v' Work pressure: barg  Atmospheric
v Body thickness: mm  According to design code
v Head thickness: mm  According to design code
v Reservoir unit capacity (useful volume): m 12
RESERVOIR CHARACTERISTICS :
v’ Type: Vertical cylinder, plain base

v Superior head:
v Installation: Exterior
v Design and construction for a useful life of: years 25

v Design and construction for a continuous operation of: h/year 8,600

ACCESSORIES

v’ Lifting Eye Bolts (yes/no): yes

v" Bench anchoring system: yes

v Stairs, handrails, platforms, etc.: yes

v Metal support for agitator with anti-corrosion coat no

v" Equipped with electric agitator no
28529t

With opening and pumping capabilities

CONNECTIONS (Type, DN e PN/Schedule)
v" Reactive load input (superior head): 1 unit DN-80 PN-10

v/ Common suction pumps: 1 unit DN-25 PN-6
v' Level transmitter (installed near the bottom of the tank, measuregvaieacolumn): 1
DN-80 PN-6

v/ Manway access cover 1 unit DN-600 PN-6

v Ventilation: 1 unit DN-25 PN-6

v' Overflow: 1 unit DN-80 PN-6

v' Drainage: 1 unit DN-80 PN-6
MATERIALS:

v' Body and heads: GRP

v" Mechanic reinforcement: Orthophthalic resin

v" Chemical barrier: Vinyl resin

v/ UV radiation protection yes

14.5.16.7Lime Tanks
GENERAL INFORMATION:

v' Service: Storage - Lime
v" Number of tanks 2
FLUID CHARACTERISTICS:
v' Type of fluid: Lime
v' Maximum temperature: °C 40
ENVIRONMENTAL CONDITIONS :
v' Temperature °C 20-40
v' Humidity 75 %
v" Annual precipitation 133 mm
DESIGN CONDITIONS:
v Project pressure: barg Full of water + 0.5 mcl
v" Pressure proof: barg Tightness (full of water)
v" Work pressure: barg  Atmospheric
v' Body thickness: mm  According to design code
v" Head thickness: mm  According to design code

v' Reservoir unit capacity (useful volume): m3 7.10

RESERVOIR CHARACTERISTICS :

Cagece — Companhia de Agua e Esgoto do Ceara
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v Type: Vertical cylinder, plain base ENVIRONMENTAL CONDITIONS :
v" Superior head: With opening and pumping capabilities v' Temperature °C 20-40
v Installation: Exterior v' Humidity 75 %
v Design and construction for a useful life of: years 25 v Annual precipitation 133 mm
v Design and construction for a continuous operation of: h/year 8,600 v Wind
ACCESSORIES: v Seismic coefficient
v' Lifting Eye Bolts (yes/no): yes DESIGN CONDITIONS:
v" Bench anchoring system: yes v" Design code:
v’ Stairs, handrails, platforms, etc.: yes v' Project pressure : barg Full of water + 0.5 mcl
v" Metal support for agitator with anti-corrosion coat no v Pressure proof: barg Tightness full of water
v' Equipped with electric agitator yes v" Work pressure: barg  Atmospheric
CONNECTIONS (Type, DN e PN/Schedule) v Body thickness: mm  According to design code
v' Reactive load input (superior head): 1 unit DN-80 PN-10 v" Head thickness: mm  According to design code
v' Common suction pumps: 1 unit DN-25 PN-6 v" Reservoir unit capacity (useful volume): m3 200
v Level transmitter RESERVOIR CHARACTERISTICS :
(installed near the bottom of the tank, measured by a water column): unit 1 DN-80 PN-6 v Type: Vertical cylinder, plain base
v' Manway access cover 1 unit DN-600 PN-6 v Superior head: With opening and pumping capabilities
v Ventilation: 1 unit DN-25 PN-6 V' Installation: Exterior
v' Overflow: 1 unit DN-80 PN-6 v" Design and construction for a useful life of: years 25
v Drainage: 1 unit DN-80 PN-6 v Design and construction for a continuous operation of: h/year 8,600
MATERIALS: ACCESSORIES
v" Body and heads: GRP v' Lifting Eye Bolts (yes/no): yes
v" Mechanic reinforcement: Orthophthalic resin v" Bench anchoring system: yes
v" Chemical barrier: Vinyl resin v/ Stairs, handrails, platforms, etc.: yes
v" UV radiation protection yes v' Metal support for agitator with anti-corrosion coat no
14.5.17 Displacement Water Tanks v" Equipped with electric agitator no
GENERAL INFORMATION : CONNECTIONS (Type, DN e PN/Schedule)
v Service: Storage - displacement water v" Reactive load input (superior head): 1 unit DN-80 PN-10
v" Number of tanks 1 v/ Common suction pumps: 1 unit DN-25 PN-6
v Equipment tags: v Level transmitter (installed near the bottom of the tank, measuredvaieacolumn): 1 unit DN-80 PN-
FLUID CHARACTERISTICS : 6
v Type of fluid: Permeate water v' Manway access cover 1 unit DN-600 PN-6
v Maximum temperature: o0 40 v" Ventilation: 1 unit DN-25 PN-6
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v Overflow: 1 unit DN-80 PN-6 ACCESSORIES

v Drainage: 1 unit DN-80 PN-6 v' Lifting Eye Bolts (yes/no): yes
MATERIALS : v' Bench anchoring system: yes

v" Body and heads: GRP v Stairs, handrails, platforms, etc.: yes

v" Mechanic reinforcement: Orthophthalic resin v' Metal support for agitator with anti-corrosion coat no

v' Chemical barrier: Vinyl resin CONNECTIONS (Type, DN e PN/Schedule)

v" UV radiation protection yes v" Reactive load input (superior head): 1 unit DN-80 PN-10
14.5.18.Calcium Hydroxide Reservoirs v/ Common suction pumps: 1 unit DN-25 PN-6
GENERAL INFORMATION: v Level transmitter (installed near the bottom of the tank, measuredateacolumn): 1 unit

v Service: Storage - Calcium hydroxide DN-80 PN-6

v Number of tanks 5 v" Manway access cover: 1 unit DN-600 PN-6
FLUID CHARACTERISTICS : v Ventilation: 1 unit DN-25 PN-6

v Type of fluid: Calcium hydroxide Y Overflow: L unit - DN-80 PN-6

v" Maximum temperature: °C 40 Y Drainage: 1 unit - DN-80 PN-6
ENVIRONMENTAL CONDITIONS : MATERIALS -

v Temperature o 20-40 v" Body and heads: Carbon steel

v Humidity 75 %% v Abrasive jet SA. 25

v Annual precipitation 133 mm v' Chemical barrier: Epoxy resin, 80 micra
DESIGN CONDITIONS v’ Finish Polyurethane 35 micra

v Project pressure: barg Full of water + 0.5 mcl

v Pressure proof: barg Tightness (full of water)

v" Work pressure: barg  Atmospheric

v Body thickness: mm  According to design code

v Head thickness: mm  According to design code

v Reservoir unit capacity (useful volume): *m 100

RESERVOIR CHARACTERISTICS :

v’ Type: Vertical cylinder, plain base

v Superior head: With opening and pumping capabilities
v Installation: Exterior

v" Number of dosage screws Units 2

v Capacity of each dosage screw Kg/h 138.86

v Design and construction for a useful life of: 25 years

v Design and construction for a continuous operation of: h/year 8,600
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14.6.Seawater Analysis
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Results of analyzes carried out in January 2020 at ten points, five aheuimtiake area and five around the discharge area (outfall), edllelose to
the surface and close to the bottom.

Intake - Botton

Intake - Surface

Outfall - Botton

Outfall - Surface

Parameters Average | Minimum | Maximum | Average | Minimum | Maximum | Average | Minimum | Maximum | Average | Minimum | Maximum
pH 8.12 8.09 8.17 8.11 8.07 8.15 8.28 8.20 8.41 8.27 8.18 8.41
Temperature (0C) 29.1 29.1 29.1 28.8 28.7 28.8 29.1 29.1 29.1 28.9 28.9 28.9
Salinity (psu) 36.9 36.9 36.9 36.3 36.3 36.4 36.9 36.9 36.9 36.5 36.4 36.5
Conductivity (uS / cm) 60,174 60,121 60,213 58,954 58,890 59,064 60,146 60,094 60,186 59,282 59,232 59,365
Total Organic Carbon (mg /L) 1.3 1.1 1.4 1.1 1.0 1.2
Dissolved Oxygen (mg /L) 7.06 7.03 7.08 7.26 7.14 7.39 6.99 6.96 7.02 7.09 7.05 7.14
Chlorophyll - a (ug /L) 0.2 0.2 0.4 0.3 0.1 0.4 0.2 0.2 0.3 0.1 0.1 0.2
Transparency (m) 9.7 7.0 14.0 12.4 10.0 14.0
Sedimentable Materials (mL / L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
U‘fr’]‘:rr;‘fgl‘l’s"ﬂz / S”bsmnces <10.00 <10.00 <10.00 <10.00 <10.00 <10.00
Hexane  Soluble  Substang
Vegetable Oils and Animal Fa 2.0 0.7 6.4 0.5 <0.2 0.5
(mg /L)
Apparent Color <10 <10 <10
Total Suspended Solids (mg /L 114 9.3 14.3 11.3 9.6 13.1 13.1 11.0 14.5 11.1 10.3 11.7
Calcium (mg /L) 520.2 489.7 533.4 528 506 575
Magnesium (mg / L) 1,451 1,362 1,486 1,463 1,372 1,586
Potassium (mg /L) 443.7 422.8 456.0 444 425 481
Sodium (mg /L) 12,380 11,600 12,703 12,433 11,699 13,481
Alkalinity in Bicarbonates (mg / 93.0 85.0 101.0 83 60 93
HCO3
Chlorides (mg /L) 21,193 20,993 21,993 21,393 20,993 21,993
Soluble Silica (mg /L) ND ND ND
SDI 6.5 6.3 6.5 6.1 5.9 6.2
Dissolved Aluminum (mg /L) 0.1 0.0 0.1 0.153 0.049 0.435
Total Arsenic (mg /L) <0.0001] <0.0001] <0.0001 <0.0001] <0.0001] <0.0001
Total Barium (mg /L) <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Total Beryllium (mg /L) <0.0002 <0.0002 <0.0002 <0.000Z2 <0.0002 <0.0002
Boron (mg /L) 5.5 5.1 5.8 5.6 5.0 6.1
Total Cadmium (mg /L) <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Total Lead (mg /L) 0.002 0.001 0.004 0.0012 0.0006/ 0.0024
Total Cyanide (mg /L) ND ND ND ND ND ND
Free Cyanide (mg /L) ND ND ND ND ND ND
Dissolved Copper (mg /L) ND ND ND ND ND ND
Total Chromium (mg /L) <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Hexavalent Chromium (mg /L) ND ND ND ND ND ND
Trivalent Chromium (mg /L) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Total Tin (mg / L) <0.001] <0.001] <0.001 <0.001] <0.001] <0.001
Dissolved Iron (mg /L) 0.1 0.0 0.2 0.0 0.0 0.1
Total Fluoride (mg /L) 3.5 2.2 8.5 3.4 2.1 5.2
Total Phosphorus (mg /L) 0.0 0.0 0.0 0.013 0.011 0.015
Total Manganese (mg /L) <0.001] <0.001] <0.001 <0.001] <0.001] <0.001
Dissolved Manganese (mg /L) ND ND ND ND ND ND
Total Mercury (mg /L) ND ND ND ND ND ND
Total Nickel (mg /L) <0.001] <0.001] <0.001 <0.001] <0.001] <0.001
Nitrate (mg /L) 0.008 0.002 0.011 0.002] <0.002 0.003
Nitrite (mg / L) 0.005| <0.002 0.005 0.002 0.001 0.003
Polyphosphates (mg /L) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Total Silver (mg /L) ND ND ND ND ND ND
Total Selenium (mg /L) <0.005| <0.005/ <0.005 <0.005 <0.005 <0.005
Sulphide (mg /L) ND ND ND ND ND ND
Total Thallium (mg /L) <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Total Uranium (mg /L) 0.003 0.003 0.003 0.0033 0.0031 0.0035
Total Zinc (mg /L) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phenol index (ug /L) ND ND ND <0.1 <0.1 <0.1
C. Thermotolerants (NMP) <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

ND: N&o detectado pelo método.
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14.7.Topography Report
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14.8.Geotechnics Report
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14.9.Preliminary Bathymetry Report
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Anotacdo de Responsabilidade Técnica - ART ART OBRA / SERVICO
Lei n° 6.496, de 7 de dezembro de 1977 CREA"’CE No CE2019/056770(,;

Conselho Regional de Engenharia e Agronomia do Cears
INICIAL

e 1. Responsavel Técnico
LIDUINO DE ALBUQUERQUE MARQUES
Titulo profissional: ENGENHEIRO CIVIL RNP: 0608528960
Registro: 45474D CE

2. Dados do Contrato

Contratante: Companhia de Agua e Esgoto do Ceara CPF/CNPJ: 07.040.108/0001-57
AVENIDA LAURO VIEIRA CHAVES N°: 1030

Complemento: Bairro. AEROPORTO

Cidade: FORTALEZA UF: CE CEP: 60422700

Contrato: Ndo especificado Celebrado em: 06/12/2017

Valor: R$ 7.241,00 Tipo de contratante: PESSOA JURIDICA DE DIREITO PRIVADO

Agéo Institucional: NENHUMA - NAO OPTANTE
3. Dados da Obra/Servigo

RUA JOAQUIM FLORIANO N°: 913

Complemento: 6° Andar Bairro. ITAIM BIBI

Cidade: SAO PAULO UF: sP CEP: 045634013

Data de Inicio: 06/07/2017 Previsdo de término: 31/12/2019 Coordenadas Geograficas: 0,0

Finalidade: SEM DEFINIGAO Caodigo: Nao especificado

Proprietario: Companhia de Agua e Esgoto do Ceara CPFICNPJ: 07.040.108/0001-57

4. Atividade Técnica

21 - ELABORAGAO Quantidade Unidade
4 - ANTEPROJETO > RESOLUGAO 1025 -> OBRAS E SERVICOS - C,ONSTRU(;AO CIVIL -> 1,00 un
OBRAS HIDRAULICAS E RECURSOS HIDRICOS -> #1401 - ADUCAO DE AGUA
4 - ANTEPROJETO > RESOLUGAQO 1025 -> OBRAS E SERVIGOS - CONSTRUGAO CIVIL -> 1,00 un
OBRAS HIDRAULICAS E RECURSOS HIDRICOS -> #1411 - ESTAGAQ ELEVATORIA
4 - ANTEPROJETO > RESCLUGAQ 1025 -> OBRAS E SERVIGOS - CONSTRUGAO CIVIL -> 1,00 un

SANEAMENTO -> #1607 - ADUTORA

Apos a conclusao das atividades técnicas o profissional devera proceder a baixa desta ART

5. Observagdes

Vinculada a ART28027230191471678-SP. Resp:Paulo Roberto de Oliveira/Titule:Eng. Civil/RNP:1402093071/Emp:GSINIMA. Anteprojeto de Planta de
Dessalinizagdo com vazéo de 1m3/s em Fortaleza-CE. Alteragdes realizadas devido a mudanga do local da planta.

6. Declaragdes

- Declaro que estou cumprindo as regras de acessibilidade previstas nas normas técnicas da ABNT, na legislagao especifica e no decreto n.
5296/2004.

7. Entidade de Classe

NENHUMA - NAO OPTANTE /4; L
— 8. Assinaturas /[ A O, " s ,//\_.»__

Declaro serem verdadeiras as informagdes acima LIDUINO DE ALBUQ ES - CPF: 017.569.733-77
fm_faljg.-.gide_ﬂazm_lamm 23 wn ML (e BT
e T et
c hia d @ﬂﬂm W Ceara~ CNPJ: 07.040.108/0001-57
L data ompanhia de ) g' ; 1{}2.?2;1!8 enharic
9. Informagdes PROL. CAGECR

* A ART é valida somente quando quitada, mediante apresentacéo do comprovante do pagamento ou conferéncia no site do Crea.

* Somente é considerada valida a ART quando estiver cadastrada no CREA, quitada, possuir as assinaturas originais do profissional e contratante.
10. Valor
Valor da ART: R$ 85,96 Registrada em: 14/11/2019 Valor pago: R$ 85,96 Nosso Numero: 8213656579

A autenticidade desta ART pode ser verificada em: https:f/crea-ce.sitac.com br/publice/, com a chave: Bwd42
Impresso em: 03/12/2019 &s 15:26:21 por: , ip: 189.84.115.124

Www creace.org br faleconosco@creace org br - c REA_C E

Tel: (86) 3453-5800 Fax (85)3453-5804 e g

 Agronomia do Ceard
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Anotacdo de Responsabilidade Técnica - ART
Lei n° 6.496, de 7 de dezembro de 1977

Conselho Regional de Engenharia e Agronomia do Estado de Sdo Paulo

1. Responsavel Técnico

PAULO ROBERTO DE OLIVEIRA

Titulo Profissional:  Engenheiro Civil

Empresa Contratada: GS INIMA BRASIL LTDA

Pagina 1/2

ART de Obra ou Servigo
28027230191471678

rup: 1402093071

Registra: 5060133047-SP
Registro: 0897153-SP

2. Dados do Contrato
Contratante: COMPANHIA DE AGUA E ESGOTO DO CEARA - CAGECE

Avenida LAURO VIEIRA CHAVES
Complemento:

Cidade: Fortaleza
Contrato:
Valor: R$ 3,502.594,77

Acéo Institucional:

Enderego:

UF: CE
Celebrado em: 06/12/2017 Vinculada a Art n®;
Tipo de Contratante: Pessoa Juridica de Direito Publico

CPFICNPJ:07.040.108/0001-57
N°: 1030

Bairro: AEROPORTO

CEP: 60422-700

3. Dados da Obra Servigo
Enderego: Rua JOAQUIM FLORIANO

Complemento: 6° ANDAR Bairro: ITAIM BIBI

N°: 913

Cidade: Sao Paulo UF: SP CEP: 04534-013
Data de Inicio: 06/12/2017
Previsdo de Término: 07/05/2018
Coordenadas Geograficas:
Finalidade: Saneamento bésico Cadigo:
Proprietario: COMPANHIA DE AGUA E ESGOTO DO CEARA - CAGECE CPF/CNPJ: 07.040.108/0001-57
4. Atividade Técnica
Quantidade Unidade
Elaboragao
1 Anteprojeto Qualidade da Agua 1,00000 unidade
Anteprojeto Adugio de Agua 1,00000 unidade
Anteprojeto Captagio de Agua Domeéstica 1,00000 unidade
Anteprojeto Ensaio de Ondas 1,00000 unidade
Anteprojeto Estagao Elevatéria 1,00000 unidade
Anteprojeto Obra Subaquatica 1,00000 unidade
Anteprojeto Estagdo de Tratamento 1,00000 unidade
de Agua
Anteprojeto Obras Submarinas 1,00000 unidade
Anteprojeto Tratamento de Agua 1,00000 unidade
Anteprojeto Reservagio de Agua 1,00000 unidade
Anteprojeto Arranjo Fisico (lay-out) 1,00000 unidade
Anteprojeto Edificacdo Alvenaria 1,00000 unidade
Anteprojeto Relatério de Impacto 1,00000 unidade
Ambiental / RIMA
Anteprojeto Sistemas e Estagdes de  Agua 1,00000 unidade
Tratamento
Anteprojeto Emissario Submarino 1,00000 unidade
Anteprojeto Adutora de Agua na Rede 1,00000 unidade
Publica
Anteprojeto Estudo de Impacto 1,00000 unidade
Ambiental / EIA
Anteprojeto Rede de Agua 1,00000 unidade
Anteprojeto Equipamentos Aguas 1,00000 unidade



Resolugédo n° 1.025/2009 - Anexo | - Modelo A
Pagina 2/2

Elaboragao Anteprojeto Captagéao Superficial de 1,00000 unidade
gua

Apos a conclus@o das atividades técnicas o profissional devera proceder a baixa desta ART

5. Observagoes

Ges elou Pareceres referentes a Concepgdo, ao Financiamento, a

ART referente aos servigos de Supervisdo da Elaboragdo dos Estudos de Viabilidade, L t itos, i
Imp|anta§aofCons|ruqao ea Operagéo de uma Planta de Dessalinizagdo de Agua Marinha com Capacudade de 1m’ls, para a Regido Metropolitana de Fortaleza, objeto do

de - PMI n® 01/2017/CAGECE, divididos em 15 (quinze) estudos quais sejam: Direlrlzes do Projeto; Diagndstico e Estudos de D d
Estudos de Alternativas de L ," A P jeto de Engenhana Estudo de D e de For ito de Energia Elé de p Ambiental; Estudos de
Vlabilldade M | Fi di I; Estrutura de Financiamento e Garantias; Critérios de D penho e Monil 1ento; Anilise de Riscos e Value for

| e Plano de Comunicagéo.

Money; M gem Juridica; A
6. Declaragdes
Acessibilidade: Declaro que as regras de acessibilidade previstas nas normas técnicas da ABNT, na legislagdo especifica e no Decreto n®
5.296, de 2 de dezembro de 2004, ndo se aplicam as atividades profissionais acima relacionadas.

9. Informagdes

7. Entidade de Classe
- A presente ART encontra-se devidamente quitada conforme dados

68 - SEESP - SINDICATO DOS ENGENHEIROS NO ESTADO DE SAO no rodapé-verso do sistema, certificada pelo Nosso Numero.
PAULO - SEESP
8. Assinaturas - A autenticidade deste d pode ser verificada no site

- www.creasp.org.br ou www.confea.org.br
Declaro serem verdadeiras as Infor/bes acima p.org 9
de

- A guarda da via assinada da ART sera de responsabilidade do profissional
e do contratante com o objetivo de documentar o vinculo contratual,

Local data

PAULO'\ROBERTO-DEOLIVEIRA - CPF: 374,712.876-91

www.creasp.org.br
Tel: 0800 17 18 11
E-mail: acessar link Fale Conosco do site acima

COMPANHIA DE AGUA E ESGOTO DO CEARA - CAGECE - CPF/ICNPJ:
07.040.108/0001-57

Valor ART R$ 214,82 Registrada em: 08/11/2019 Valor Pago R$ 214,82 Nosso Numero: 28027230191471678 Versao do sistema
Impresso em: 11/11/2019 08:32:17
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15. Participating Team
15.1. By CAGECE

The table below lists the Cagece team participating in theweand complementation of this study.

CAGECE

Electrical engineerir AmandeRodriguesRange
Geoprocessir BarbaraKelly Silva Lima Rodrigue:
Civil Engineering Gabriella deSouzaMendonc

Civil Engineering Liduino deAlbuquerque Marque
ElectricalEngineering Raul Tigre de Arruda Leiti

Civil Engineering Ronner Braga Gondi

Budgeting Tiago Cavalcante Lin

Overall Coordinatior Silvano Porto Perei

15.2.By the Authorized Company

The table below listthe team indicated by the Authorized Company as a participant in the execution of this
study.

GS INIMA

GeneraCoordinato Eduardo Berrettit
ElectricalEnginee Raul Castaf
ElectricalEnginee Carlos Carreter
Automation Enginet Albert Vazque:

Mechanical Engine Francisco Die:

Economis Fernando Schliepe

Lawyel Rodrigo de Pinho Bertoccel
Designe Alberto Barcel¢

Designe Manuel Rodrigue:

Designe Lola Lopez

Responsible for the proce David Gonzale:
Responsible for p-treatmer Almudena Aparicic

Coastal and Maritime Works Mana Alberto Casadt
Responsible for SubmariiOutfall Enrigue de la Plat
Responsible for SOM Cristina San Miguel Avedill
Responsible for Energy Efficien Luis Miguel Garcie
Responsible for Marine Hydrodynam Mario Sanche;

Technical Operational Studies Coordin. Adriana Lucas Alcaraz Lope
Process Engine Anna Gironés

Pipe Speciali Victor Juan

FUJITA ENGENHARIA

Sector Coordinat: Paulo Ayrton Cavalcante Aral
BF CAPITAL

CFC Renato José Silveira Lins Sucug
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CFC

Jacy do Prado Barbo

CFC

Felipe Guidi

FinancialAnalys

Otavio Fernande

FinancialAnalys

André Velosc

FinancialAnalys

Gabiriel Colturatc

FinancialAnalys

Bruno Taveire

MANESCO ADVOGADOS

Lawyel Floriano Peixoto de Azevedo Marques N
Lawyel WIladimir Anténio Ribeirc

Lawyel Marcos Augusto Pere

Lawyel Raquel Lamboglia Guimara

TEIXEIRA ENGENHARIA

Civil or Sanitary Enginee Nuno Pintt

Civil or Sanitary Enginee Samuel Pail

Civil or Sanitary Enginee Daniele Cezare

Civil or Sanitary Enginee Vitor Farie

Civil or Sanitary Enginee

Carlos Fernandes Joi

Civil or Sanitary Enginee

Abilio Garcia Castr

Civil or Sanitary Enginee Nuno Martin:
Civil or Sanitary Enginee Olivier Passc
Civil or Sanitary Enginee Nuno Va:
Civil or Sanitary Enginee Mario Augustc
Civil or Sanitary Enginee Célia Tenent

Civil or Sanitary Enginee

Nuno Abecass

Architect

Pedro Vicent

Architect Rui Nunes Sant
Architect Maria InésNogueir:
29529¢E
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