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EXECUTIVE SUMMARY

Implementing projects, irrespective of their features and duration, is liable to introduce changes

in the environment where they are implemented, causing impacts on different scales.

Environmental changes exist in Nature, and the repercussion of these depends on the
regenerative capacity of the environment where they are implemented. However, when this
involves anthropogenic changes, the receptive environments do not always present this
adaptive capacity. This in turn creates environmental impacts depending heavily on the
typology, duration, nature and surroundings. The correct assessment of environmental impacts,

regarding biophysical and socio-economic issues, is of paramount relevance.

Questions related to environmental impacts fi in particular to preventing and mitigating them fi
are dealt with by the Impact Assessment process, which strives to respond effectively to these
aspects, with the aim of valuing the project in all of its dimension. This is in order to meet all of
the requirements set out in the Environmental Licence, contributing overall to reaching

sustainable and integrated development in the various components.

The coincides with the construction of the System 5 Luanda Drinking Water Supply project to
part of Luanda, with this system also known as Quilonga Grande. This project integrates
capturing water in the River Kwanza, pumping and transfer to the Water Treatment Plant (WTP),
and transporting it through pipelines to 7 Distribution Centres, It furthermore includes a Water
Treatment Plant of the Process (WTP) and a sludge treatment station. The aim of this
Environment Impact Study Report is to obtain an environmental licence that covers all of the

activities in the area being studied.

The company promoting the project, Empresa Publica de Aguas de Luanda, EPAL fi E.P.,
hereinafter named the Tenderer, contacted Ecovisdo Angola to create this report, and below
you will find the Registration of Ecovisdo Angola at the Ministry of the Environment, granting it

the authority to create this report.
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Figure 1 — Certificate of Ecovisao's Registration, at the Ministry of the Environment

Using a technical analysis of a project concerning the environment, it is intended to gauge the
main impacts caused by executing the various phases it comprises, giving rise to this report
being drawn up and that together with the Non-Technical Summary fulfil the provisions
regarding the appraisal of the environmental project, namely the Environment Impact

Assessment.
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l. INTRODUCTION

The constant change on a global level of the planet's balances fi with results such as the
depletion of the ozone layer, the increased of the so-called "greenhouse effect”, the loss of
biodiversity, soil erosion, the exhaustion of natural resources and the change in the vision of the
Earth as a living being i has increasingly been giving a planetary dimension to environmental
guestions. The interrelationship between these environmental issues makes resolving them ever
more complex, with this situation already having been reported in 1972 at the Stockholm

Conference, the First World Conference on Man and the Environment.

The experience accumulated in recent years both on an international and national level has
produced a new global consciousness regarding the environmental implications of human
development, translated by society's greater sense of responsibility as a whole, faced with the

aforementioned implications.

Society has started to organise itself, and to demand that more effective efforts become evident
on the part of world leaders in order to change the scenario of bleak predictions that has been
coming to light. A new model of sustainable development is also starting to become common,
whereby public and private actions and policies have to be implemented, along with
investments in scientific and technological research and the adoption of new technological

methods that take preserving the environment into account.

In this sense, in environmental terms companies have in recent years been attempting to
comply with and implement the procedures and terms required in legislation, from the outset
taking on the creation of Environmental Impact Studies and Environmental Audits. This is a role
relevant for establishing sustainable development policies that aim to integrate the various

components of management, with a view to sustainable development.

The assessment of environmental impact is a preventive environmental management system,
and consists of the identification and prior, qualitative and quantitative analysis of the beneficial

and harmful effects of a proposed activity.
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TheEnvironmentalmpactStudyReportinvolvesa documentof a technicalnature, whichis not
only informative but also conclusive containinga synthesisof the principlesissuesrelating to
the impacts on the environmentwhere the project is being implemented, and the inherent
recommendationsfor implementingthe measuresfor minimising negative impacts, and for
promoting positive impacts. This document is drawn up in technical language,and will be

appraisedby the competentbodiesregardingEnvironmentalmpactAssessment.

Thisin fact involvesa procedureof greaterrelevance sinceits creation(includingtechnicaland
non technicalreports)will makeit possibleto obtain relevantelementsandinformationrelating
to environmentalimpactsin the environmentin which the project is included, allowing the
referencesituation of the relevant environmental,socioeconomicand biophysicaldescriptors
to be characterisedn orderto evaluatethe changesausedby the projectand evenpreventthis
developingduring the exploration phase,which will be prolonged over time and will have a

more markeddurationthanthe constructionphase.

Its principalaimis to analyseand assespossiblesignificantenvironmental,socialand economic
impacts resulting either directly or indirectly from the project — whether of a positive or
negative nature — so as to determine the measuresrequired for avoiding, minimising and
compensatingthe negative effects generated, and even to boost the positive ones. More
important in the Environmentallmpact Studythan identifying negativeimpactsis determining
the mitigation measuredor reducingtheir significancewhen these are negative,so that these

arereducedto valuesdeemedacceptableandin line with the executionof the project.

The study will not focus solely on assessingmpactsand preventingthem, and it must define
means for propagatingthe implementation of key measuresthat aim for compliancewith

currentlegislation,and minimisinginconveniencdor the surroundingpopulation.

The Environmentallmpact Study is an essentialtool regardingdecisiontaking in relation to
implementingthis projectand definingthe strategiesinherentto it. Thepresentreport thusalso
includesa raft of measuresand recommendationsproposedfor reducingthe effect of the

impactsof a negativenature,andboostingthe effect of positiveones.

Thisreport was created basedon field work conductedin the area of the project by a multi r

disciplinaryteam, with aviewto gatheringinformation, and with the findingsbeingcollectedby
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meansof photographyverifying the observationsthis report contains,and in the form of a

paperregister.

|.1 LEGAIANDNORMATIVERAMEWORK

I.1.1. Angolanlegalframework

In terms of Angolanlegislation,the first law that focused on environmentalissueswas the
FrameworkLaw on the Environment,Law no. 5/98, which definesthat in order to maintain
propitious environmentguaranteeingthe population'squality of life, the least environmental
impact of the actions required for developingthe country is necessary.This is by means

correctlyorganisinghe territory andthe applicationof suitabletechniquesandtechnologies.

In accordancewith article 15, the implementationof infrastructuresin nationalspacethat — due
to their dimension,nature or location— causesignificantnegativeimpacton the naturalor social
environment, is conditionedto an Environmentaland SocialAssessmenprocessin which its
social, environmental and economic viability are determined, as well as the methods for

neutralisingor minimisingtheir effects.

Pursuantto the provisionsof no. 1 of Article 4 of the Decreeon Environmentalmpact(Decree
no.51/04 of 23 June):

"The licensingof agricultural, forestry, industrial, commercial,housing, tourist processespr
thoseinvolvinginfrastructure,which— by their nature, dimensionor location— haveimplications
for the balance and environmentaland social harmony, are subjectto a prior processof
Environmentallmpact Assessmenthat entails the creation of an Environmentalmpact Study

(EIS}o be submittedfor approvalto the governmentbodyresponsibldor the environment".

In accordancewith the provisionsin point 6. Infrastructure projects paragraph g) urban
developmentprojects of the Appendix of the aforementioned Decree, lack Environmental
ImpactAssessmenasis the casewith the LuandaDrinkingWater Supply,System5 — Quilonga

Grande.

The Environmentallmpact Study is to focus on various phasesof the project: construction,
explorationand situationin the absenceof the project. Theclosingphaseof the explorationhas

not been no considered,due to the time related supply. The environmental impact study
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deriving from the variousphasesof the project will makeit possibleto gaugethe strong and
weak points regarding the execution of the project, with particular relevance in the
environmentaldescriptorsWater Resourced:cologicaFactors SocioEconomicgnd Waste the

allocationof which by the project presentsgreaterimpact.

The phase exploringthe Supply Systemwill be extendedfurther in terms of time, with the
impactsderivingfrom the activity being sizedstarting from when the explorationcommences.
The construction phaseis defined in time as descriptive,in the chapter Descriptionof the

Project.

The Environmentallmpact Assessmenprocess,and in particularthe documentsthat make up
the NoniTechnicalSummary,will be duly appraisedeither by the governmentbody formally
designatedfor that purpose,or the National Directoratefor the Preventionand Assessmenbf

Environmentalmpact(DNPAIAYf the Ministry of the Environment.

Public participation and consultation with interested parties is an integral part of the
Environmental Impact Study (EIS). This point assumes particular importance in the
Environmentallmpact Assessmeninstitutional procedure, as defined in Article 10, Public
Consultations,of Decree51/04. The aim in this phaseis to listen to the different parties
involved in the project, not neglecting the interested parties, thus providing them the
opportunity to contribute to formulating broader decisions.Theseinclude actionsthat relating
to them, promoting dialogueand consensusn performing the administrativerole associated

with the Environmentallmpact Assessmentand consequentlyEnvironmentalLicensingof the

SupplySystem.

In the processof creatingthis ESISthe following legal acts and regulationsin force were take
into considerationjnsofarastheseapplyto the activitiesof the project:
e Basid_awon the EnvironmentLawno. 5/98);
* Rulesand Proceduredor Environmentalmpact Assessmen(EIA)(Decreeno. 51/04 of
23 June2004);
« EnvironmentaLicensingDecreeno. 59/2007,0f 13 July);
» Termsof Referencefor CreatingEnvironmentallmpacts Studies(ExecutiveDecreeno.
92/12,0f 01/03/2012).
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« Approvesthe regulation of PublicConsultationsfor ProjectsSubjectto Environmental
ImpactAssessmentExecutiveDecreeno. 87/12, of 24 February2012);

* Feesto be paidfor the EnvironmentaLicensgJointExecutiveDecreeno. 130/09, of 26
November(Substituteshe Tableattachedto the JointExecutiveDecreeno. 96/09, of 6
October);

* NationalEnvironmentaManagementrogrammegPNGA);

» EnvironmentaAudits(Decreeno. 1/10 (13/01/2010))

« Regulationon the Responsibilityfor EnvironmentalDamage(PresidentialDecreeno.
194/11(07/07/2011))

« Regulatiorfor the Preventionand Monitoring of Pollutionin NationalWaters
(PresidentiaDecreeno. 141/12,0f 7 July2011)

» BiologicalLawon Water Resourcegl.awno. 6 A/04 of 8 October);

* Regulationon the GeneralUsageof Water ResourcegPresidentiaDecree82/14, of 21
April);

* WaterLaw(Lawno.6.02);

e WaterQuality(PresidentiaDecree26/11, of 6 October);

» SoilLaw(Lawno. 9/04 of 9 November);

» Lawon Territorial Planningand TownPlanning Law3.04of 25 June);

* GeneralRegulationon Territorial, Urbanand RuralPlans(REPTURPecree2/06, of 23
January);

¢ Regulatioron managingWaste(PresidentiaDecreel90.12,0f 24 August);

e StrategicPlanfor ManagingUrbanWaste— PESGRUPresidentiaDecreel96/12, of 30
August);

e LegalFrameworkfor ManagingConstructionand Demolition Waste (ExecutiveDecree
17/13,0f 22 January);

e Guidelinesfor CreatingProvincialPlansfor ManagingUrbanWaste (ExecutiveDecree

234/13,0f 18 July).

1.1.2.International requirementsand project review in accordancewith them

Becausethe project haslending and insurancerequirementsfrom sourcesoutside of Angola,

and in particularinsurancethrough the Multilateral InvestmentGuaranteeAgency(MIGA),an

Rev.:.0 22/424
FP3A.001/3



BNVIRONMENTAAND SOCIAUMPACTSTUDY

LUANDADRINKINGNATERSUPPLYPROJECT
SYSTEMS — QUILONGAGRANDE

Environmentaland Social Assessmen{ESIStonforming to international (World Bank, WB)
standardsis additionallyrequired. Thecontractfor undertakingthe ESISvasawardedto Artelia

andthe studywasconductedbetweenJulyand October2014.

Forthis WBcompliantESISthe socialand socioeconomicimpactsof the QuilongaProjectare
assessedccordingto the criteria of the environmentaland socialsafeguardstandardsof the
World Bank and the relevant IFC Environmentaland Social Performance Standardsand
Guidelines. This ESISs also compliant with the Multilateral Investment GuaranteeAgency

(MIGA)Environmentabnd SociaDueDiligenceProcess.

1.1.2.1.World BankEquatorPrinciples
TheWorld BankEquatorPrinciples(EP)provide guidanceto financialinstitutions for managing
environmentaland socialrisk in project financing.The principlesare voluntary but are legally
bindingoncea financialinstitution joins (and are then known asan EquatorPrinciplesFinancial
Institution (EPFI)The Equator Principles(lll) were updated in June 2013, reinforcing the ten

guidingprinciples,whichare asfollows:

X Principlel: Reviewand Categorisation
When a Project is proposedfor financing, it is the role of the Equator PrinciplesFinancial
Institution (EPFIYo categoriseit basedon the magnitude of its potential environmentaland
socialrisksandimpacts.Usingcategorisationthe EPFI'®nvironmentaland socialdue diligence
is commensuratewith the nature, scale and stage of the Project, and with the level of

environmentaland socialrisksandimpacts.
Thecategoriesare:

CategoryA — Projectswith potential significantadverseenvironmentaland socialrisks and/or

impactsthat are diverse,irreversibleor unprecedented;

CategoryB — Projectswith potential limited adverseenvironmentaland social risks and/or
impactsthat are few in number, generallysite specific,largelyreversibleand readily addressed

through mitigationmeasuresand

CategoryC— Projectswith minimalor no adverseenvironmentaland socialrisksand/or impacts.
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ThisProjectwould be characterizedas CategoryB. Potablewater abstractionand distribution
from the KwanzaRiverexistalready,and this type of projectis well knownin Angola.Thennew

infrastructurerequiredis site specificandreadilyaddressedhrough mitigationmeasures.

However, it is the responsibility of the EPFIto determine categorisiation, and our

characterizatiordoesnot limit nor necessarilaffect, EPFtategorisiation.

X Principle2: Environmentabnd SocialAssessment
For all CategoryA and CategoryB Projects,the EPFIwill require the client to conduct an
Assessmenprocessto addressjo the EPFI'satisfaction the relevantenvironmentaland social

risksandimpactsof the proposedProject.

It is consideredthat this ESIReportadequatelyassessethe relevantenvironmentaland social

risksandimpactsof the proposedProject.

TheAssessmenDocumentationpresentedproposesmeasurego minimise,mitigate, and offset
adverseimpactsin a mannerrelevantand appropriateto the nature and scaleof the proposed

Project,presentedasa formal Environmentabnd SocialmpactAssessmentESIS).

Forthis Project,combinedScopel and Scope2 Emissionsre expectedto be lessthan 100,000

tonnesof CO2equivalentannually(seeGHGStudy,Appendixl).

x Principle3: ApplicableEnvironmentaknd SocialStandards
TheAssessmenprocessshouldaddresscompliancewith relevanthost country laws, regulations
and permits that pertain to environmental and social issues. It is considered that this
Assessmenprocessis compliantwith relevanthost country laws, regulationsand permits that

pertainto environmentalandsocialissues.

For Projectslocatedin Non DesignatedCountriessuchas Angola,the EPFill alsorequire that
the Assessment process evaluates compliance with IFC Performance Standards on
Environmentaland SocialSustainabilityand the World BankGroup Environmental Health and

SafetyGuidelinesThisprocesshasbeenconductedandisreportedin the Sectionl.1.2.2below.

X Principle4: Environmentahnd SociaManagemeniSystemand EquatorPrinciples
Forall CategoryA and CategoryB Projects the EPFWill requirethe clientto developor maintain

an Environmental and Social Management System (ESMS).In this Report there is a
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recommendedapproachfor establishinga Projectivide Environmentaland SocialManagement

System(ESMS{o coverthe OperationalPhaseof the QuilongaGrandeProject(SectionVIll).

Additionallythe EPFWwill require an Environmentaland SocialManagementPlan(ESMP}o be
prepared by the client to addressissuesraisedin the Assessmenprocessand incorporate
actionsrequiredto complywith the applicablestandards. An ESMFhasbeen preparedfor this

Project,andis appendedto this Report(SectionVvll).

X Principle5: StakeholdelEngagement
For all CategoryA and CategoryB Projects,the EPFIiwill require the client to demonstrate
effective Stakeholder Engagementas an ongoing processin a structured and culturally

appropriatemannerwith AffectedCommunities.

It is consideredthat a stakeholderengagementwith communitiespotentially affected by the
Projecthasbeenappropriatelyundertakenandis reported in the ESISThishasbeenconducted

in amannerculturallyandlegallyappropriatewith respectto Angolanstandards.

ForProjectswith potentially significantadverseimpactson Affected Communitiesthe client will

conductan Informed Consultatiorand Participationprocess.

Identificationof Affected Communitiesand an assessmenof impacton them by the Projecthas
been undertaken(see Sectionlll.11.5).Conditionalon detailed designelementsof the Project
(includingthe exactlocation of pipeline route, and detailed constructionrequirementsfor the
WTWand abstractionplant includingaccessoads)AffectedCommunitiesare not likely to suffer
significant adverse impacts, if recommended mitigations are followed. Nevertheless,it is
proposed,and asrequired by the Angolanprocessthat a PublicConsultationwill be conducted

by the AngolanMinistry of Environmenton submissiorof this ESIReport.

This ESISReport has also consideredvulnerable segmentsof project affected communities,

genderissuesandindigenouspeoples.

X Principle6: GrievanceMechanism
For all CategoryA and, as appropriate, CategoryB Projects,the EPFMwill require the client, as
part of the ESMSo establisha grievance mechanismdesignedto receive and facilitate
resolution of concerns and grievances about the Project’s environmental and social

performance.
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It isbeenincludedin the draft ESM$resentedin SectionVIlithe recommendatiorto establisha

grievancemechanism.

x Principle7: IndependentReview

Not relevantto this Report.

x Principle8: Covenants

Not relevantto this Report.

x Principle9: IndependentMonitoring and Reporting
To assessProjectcompliancewith the EquatorPrinciplesand ensure ongoingmonitoring and
reporting after FinancialCloseand over the life of the loan, the EPFWill, for all CategoryA and,
asappropriate,CategoryB Projects,require the appointmentof an IndependentEnvironmental
and Social Consultant,or require that the client retain qualified and experiencedexternal

expertsto verify its monitoringinformation whichwould be sharedwith the EPFI.

A recommendedMonitoring Planis includedin this ESISReport,which shouldform part of the
recommendedESMSVerificationof monitoring shouldbe undertakenby the EPFbr by EPALEP

usingqualifiedand experiencedexternalexperts.

X Principlel0: Reportingand Transparency

Forall CategoryA and,asappropriate,CategoryB Projects:

9 « Theclientwill ensurethat, at a minimum, a summaryof the ESISs accessible
andavailableonline.
9 « Theclient will publicly report GHGemissionlevels (combinedScopel and
Scope?2 Emissions)uring the operational phase for Projects emitting over
100,000tonnesof CO2equivalentannually.
It is recommended that a summary of the ESISis reported online. There are also

recommendationgor GHGreporting (Appendixl).

X Summary
TherelevantWorld BankEquatorPrincipleshave been adequatelyaddressedythis Reportand

the recommendationgor ESMRand ESM&re implemented.
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[.1.2.2.IFCPerformanceStandards

The eight IFC PerformanceStandardson Environmentaland Social Sustainabilitywere last

updatedin January2012.

x PerformanceStandard 1. Assessmentnd Managementof Environmentaland Social

Risksand Impacts

Objectives

To identify and evaluate environmental and social risks and impacts of the
project.

To adopt a mitigation hierarchyto anticipateand avoid, or where avoidanceis
not possible,minimizeand, where residualimpactsremain, compensate/offset
for risksandimpactsto workers,AffectedCommunitiesandthe environment.
To promote improvedenvironmentaland socialperformanceof clientsthrough
the effectiveuseof managemensystems.

To ensure that grievances from Affected Communities and external
communicationsfrom other stakeholdersare respondedto and managed
appropriately.

To promote and provide means for adequate engagementwith Affected

Communities.

Summaryof ProjectConformance

It is considered that this ESISReport adequately assessesthe relevant
environmentaland socialrisksandimpactsof the proposedProject.

A mitigation hierarchy,in respectof workers, Affected Communities,and the
environmenthasbeenprovided.

In this Reportthere is a recommendedapproachfor establishinga Projectivide
Environmentabnd SocialManagementSystem(ESMS)o coverthe Operational
Phaseof the QuilongaGrandeProject(SectionVIll).

It is been included in the draft ESMS presented in Section VI, the
recommendatiorno establisha grievancemechanism.

It is consideredthat stakeholderengagementwith communities potentially
affected by the Project has been appropriately undertaken. This has been

conducted in a manner culturally and legally appropriate with respect to
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Angolan standards. Conditional on detailed design elements of the Project
(including the exact location of pipeline route, and detailed construction
requirements for the WTW and abstraction plant including accessroads)
Affected Communitiesare not likely to suffer significantadverseimpacts, if

recommendednitigationsproposedare followed. Neverthelessit is proposed,
andasrequired by the Angolanplanningprocessthat a PublicConsultationwill

be conductedby the AngolanMinistry of Environmenton submissiorof this ESIS
Report. It is also recommendedthat throughout the project cycle, EPALEP
communicatesiteratively with local communities,on issuesof environmental

andsocialconcern.

x PerformanceStandard2: Laborand WorkingConditions

Objectives

9
9

To promote the fair treatment, non discrimination,and equal opportunity of
workers.

Toestablishmaintain,andimprovethe worker managementelationship.
Topromote compliancewith nationalemploymentandlaborlaws.

To protect workers,includingvulnerablecategoriesof workerssuchaschildren,
migrant workers,workersengagedby third parties,and workersin the client’s
supplychain.

Topromote safeand healthyworkingconditions,andthe health of workers.

Toavoidthe useof forcedlabor.

Summaryof ProjectConformance

TheSocialAssessmenhasassessed S2conformance. It is confirmedthat the QuilongaProject

would meet PS2objectivesfor workers employed during Constructionand Operation of the

facility, in line with Angolanstandardgfor publicsectoremployees.

It isrecommendedhat in the ESMSlabourandworking conditionsare included,and objectives

be subjectto monitoringandreview.

x PerformanceStandard3: ResourceEfficiencyand PollutionPrevention

Objectives
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9 Toavoidor minimizeadverseimpactson humanhealthandthe environmentby
avoidingor minimizingpollution from projectactivities.

9 Topromote more sustainableuseof resourcesijncludingenergyandwater.

9 Toreduceprojectrelated GHGemissions

Summaryof ProjectConformance
ThemostsignificantProjectissueselatingto PS3manatingfrom the current ESIrocessare:

9 Ensuring water use efficiency through the abstraction, treatment and
distributioninfrastructure;

9 Determiningenergy use requirements project for the project and associated
GHGemissionsand

9 Protectingthe KwanzaRiver and ground/groundwaterfrom pollution during

Constructionand Operationalphases.

With respectto water use efficiency, and referring to the Sectionon Water Resourcesand
Hydrology, it is clear that the Project will utilise the most modern and efficient water
abstraction, treatment and distribution infrastructure. Issuesof water use efficiency are
addressedin this ESISand are also comparedto the Industry Sector Guideline ‘Water and
Sanitation’ (IFC,2007) in the following Section.Recommendationsare made for monitoring

water usageefficiencyin the ESMSramework.

With respectto energy use requirements, and referring to the Energyand GHGemissions
Appendix 1, estimated carbon dioxide equivalent (CO2e)emissionsfor the consumption of
electricity were calculatedon the assumptionof a total treated flow of 518,000m3 per day, via
the operation of two lines of 3 m3/s. Emissionsvere assessedo be approximately62,266
tones CO2eper year, with more than 99%resultingfrom electricity consumption.Thissuggests
the projectis likelyto exceedthe EPthresholdof 25,000tonnes CO2efor which companiesare
encouraged to report annually on emissions, and for which the International Finance
Corporation (IFC) standards require reporting. Therefore recommendationsare made for

reportingand monitoringenergyuse/GHGEmissionsgor the Project.

With respectto pollution prevention,pollution problemscouldresultfrom the useof hazardous

chemicalsduring both Constructionand Operation; pollution of the KwanzaRiver during
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Construction phase; ground/ground water and air pollution during pipeline trenching
ConstructionPhase;and pollution of surfaceor ground water during the OperationalPhase.
Measures for avoiding and dealing with pollution incidents are recommended at the
Constructionphasethrough the ESMPand OperationPhasein the ESMSlocumentsin Sections
VilandVIII.

x PerformanceStandard4: CommunityHealth,Safety,and Security

Objectives

9 To anticipate and avoid adverse impacts on the health and safety of the
Affected Communityduring the project life from both routine and non routine
circumstances.

9 To ensurethat the safeguardingof personneland property is carried out in
accordancewith relevanthumanrights principlesandin a mannerthat avoidsor
minimizesrisksto the AffectedCommunities.

Summaryof ProjectConformance

The SocialAssessmenhas assessed®S4conformance. It can be confirmedthat the Quilonga
Project would meet PS4 objectives for anticipating and avoiding adverse impacts and

safeguardingommunities.

However,it needsto be confirmedasto the exactlocationsof distribution pipeline and main
infrastructure; it is recommendedin the ESMPthat the location of communitiesare avoided
and protected; Forexample,it is understoodthat the communityat Bairo Augustonearto the
site of the Water Abstractionplant will not be negativelyaffected with respectto Community
Health, Safety,and Security but this needsto be confirmedand monitored during Construction

andOperationsaPhaseshroughthe ESMRAand ESMS.

x PerformanceStandard5: LandAcquisitionand InvoluntaryResettlement

Objectives

9 To avoid, and when avoidanceis not possible, minimize displacementby
exploringalternativeprojectdesigns.

9 Toavoidforcedeviction.

Rev.:.0 30/424
FP3A.001/3



BNVIRONMENTAAND SOCIAUMPACTSTUDY

LUANDADRINKINGNATERSUPPLYPROJECT
SYSTEMS — QUILONGAGRANDE

9 Toanticipateand avoid, or where avoidanceis not possible,minimize adverse
socialand economicimpactsfrom land acquisitionor restrictionson land use by
(i) providing compensationfor loss of assetsat replacementcost4 and (ii)
ensuring that resettlement activities are implemented with appropriate
disclosureof information, consultation,and the informed participationof those
affected.

9 To improve, or restore, the livelihoods and standardsof living of displaced
persons.

9 To improve living conditions among physicallydisplacedpersonsthrough the
provisionof adequatehousingwith securityof tenure at resettlementsites

Summaryof ProjectConformance

The SocialAssessmenhas assessedS5conformance. It can be confirmedthat the Quilonga
Project would meet PS5 objectives for anticipating and avoiding adverse impacts and

safeguardinggommunities.

It is understoodis that there will be no forced evictionsand no physicallydisplacedpersonsasa
result of the Project. Therefore,no need to produce a ResettlementAction Plan (RAP)is

triggered.

In respectof LandAcquisitionit needsto be confirmedasto the exactlocationsof distribution
pipeline and main infrastructure;in addition to ensuringthat Communitiesare not subjectto
displacementhere is a needto establishif there will be ‘economicdisplacementdue to lossof
agriculture, fisheries,or other economicactivity that would be displacedby the Project. Our
understandingis that there is no mechanismfor compensationpaymentsin relation to
developmentprojectsin Angola,but there may be other land/fishingareasthat couldinformally
be usedin compensatiorfor anysubsistencareasaffectedby the project. Thisitem isincluded

in the recommendedESMP.

x Performance Standard 6: Biodiversity Conservationand SustainableManagementof
LivingNaturalResources

Objectives

9 Toprotectandconservebiodiversity.

9 Tomaintainthe benefitsfrom ecosystenservices.
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9 Topromote the sustainablemanagemenof living naturalresourceghroughthe
adoption of practices that integrate conservationneeds and development
priorities.

Summaryof ProjectConformance

TheESIReporthasassessedP S6conformance. It canbe confirmedthat the QuilongaProject
would meet PS6objectivesfor conservingoiodiversity,maintainingthe benefitsfrom ecosystem

servicesandintegrateconservatiomeedsand developmentpriorities.

The nearest‘Critical Habitats’;the MussoloIBA (located approximately30km west of the final
sectionof the Project)and National Parkof Quicama(northern boundarylocated 8km south of
the southernmostsectionof the Project,overthe KwanzaRiver;would be effectivelyunaffected

by the Project.
Themainrecommendedconservatiorprioritiesfor the projectare:

9 Maintaining ecologicalfunction and biodiversity of the KwanzaRiver during
both Constructiorand OperationalPhases;

9 Minimising Constructionimpact on the riparian areasof the north bank of the
Kwanzaat the site of the AbstractionPlant,and in particular retaining mature
baobabtreesculturalaswell asbiodiversityheritage(seealsoPS8);

9 Minimising distribution pipeline Construction Impacts by avoiding sites of
biodiversityvalue;

9 Compensationloss of flora and fauna due to site clearanceby appropriate
naturallandscaping;

9 Encouragindpcalconservationnitiativesin the KwanzaRiver.

x PerformanceStandard?: IndigenousPeoples

Objectives

9 To ensurethat the development processfosters full respectfor the human
rights, dignity, aspirations,culture, and natural resourcebased livelihoods of
IndigenousPeoples.

9 To anticipate and avoid adverse impacts of projects on communities of
IndigenousPeoples,or when avoidanceis not possible,to minimize and/or

compensatgor suchimpacts.
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9 Topromote sustainabledevelopmentbenefitsand opportunitiesfor Indigenous
Peoplesn a culturallyappropriatemanner.

9 To establish and maintain an ongoing relationship based on Informed
Consultationand Participation(ICP)with the IndigenousPeoplesaffected by a
projectthroughoutthe project’slife cycle.

9 To ensure the Free, Prior, and Informed Consent (FPIC)of the Affected
Communitiesof IndigenousPeopleswhen the circumstancegescribedin this
PerformanceStandardare present.

9 Torespectand preservethe culture, knowledge,and practicesof Indigenous
Peoples

Summaryof ProjectConformance

The Sectionlll.11.5has assessed®S7conformance.lt can be confirmed the QuilongaProject
would meet PS7objectives,sincethere are no Projectimpactswhich affect IndigenousPeoples

of Angola.

x PerformanceStandard8: CulturalHeritage

Objectives

9 To protect cultural heritage from the adverseimpactsof project activitiesand
supportits preservation.
9 Topromote the equitablesharingof benefitsfrom the useof culturalheritage

Summaryof ProjectConformance

The Sectionlll.12 has assessed®S8conformance. It can be confirmed the QuilongaProject

would meet PS8bjectives assumingecommendationgre implemented.
Themainrecommendedconservatiorprioritiesfor the projectare:

9 Inthe ESMPIit isrecommendedhat there would be a ‘ChanceFind’instruction
andtraining procedureif artefactsare discoveredduring ConstructionPhase.

9 Identify at the main sitesfor infrastructure constructionany sitesor objects of
cultural importance and ensure their retention. For example, there is a
culturally important baobabtree near the lagoonadjacentto the site for the

Water AbstractionPlant.
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X Summary

TherelevantIFCPerformanceStandardshavebeenadequatelyaddressedoy the ESISprovided

that the recommendationgor ESMRand ESM&re implemented.

X IFCWater and Sanitationindustry SectorGuidelines

TheProjecthasbeenreviewedin respectof the supportinglndustry SectorGuidelinesthe one

appliedhereis ‘Water and Sanitation’(IFC2007).

Thefollowingtable setsout the Project'scompliancen relationto this document.

Guideline

Water Withdrawal

Recommendedneasurego prevent, minimize,and
control environmental impacts associated with
water withdrawal and to protect water quality
including:

Evaluatepotential adverseeffects of surface
water withdrawal on the downstream
withdrawal on the downstream ecosystems
and use appropriate environmental flow
assessment to determine acceptable
withdrawalrates.

Design structures related to surface water
withdrawal, includingdams and water intake
structures, to minimize impacts on aquatic
life. Forexample:

Limit maximumthrough screendesignintake
velocity to limit entrainment of aquatic
organisms.

Avoid constructionof water intake structures
in sensitive ecosystems. If there are
threatened, endangered,or other protected
specieswithin the hydrauliczone of influence
of the surfacewater intake, ensurereduction
of impingementand entrainment of fish and
shellfish by the installation of technologies
suchasbarrier nets (seasonabr yearround),
screensandaquaticfilter barrier systems

Water Systenleaksand Lossof Pressure

Water systemleakscanreducethe pressureof the
water system compromising its integrity and
ability to protect water quality (by allowing
contaminatedwater to leak into the system)and
increasing the demands on the source water

ProjectComponent

Includedin ESMP

Includedin ESMP

The intake site for the Kwanza River is not
consideredan especiallysensitive ecosystem,but
protection measureswill be taken including the
installation of nets/filters to prevent ingressinto
the intake pipes.Includedin ESMP

Elementdncludedin EMSP

Pipeline and Distribution Systemconstructed
to best industrypracticestandards;

Regular inspection and maintenance

programme;
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Guideline ProjectComponent

supply,the quantity of chemicalsand the amount
of power usedfor pumpingand treatment. Leaks
in the distribution system can result from
improper installation or maintenance,inadequate
corrosion protection, settlement, stress from
traffic and vibrations,frost loads,overloading,and
other factors.Recommendedneasurego prevent
and minimize water losses from the water
distribution systeminclude:

Leakdetection and repair program (including
records of past leaks and unaccountedfor
water to identify potential problemareas).

Ensure construction meets applicable
standardsandindustrypractices;

Conduct regular inspection and
maintenance;

Implement a leak detection and repair
program (includingrecordsof past leaks
and unaccountedfor water to identify
potential problemareas);

Considerreplacingmains with a history
of leaksof with a greater potential for
leaksbecauseof their location, pressure
stressesandother riskfactors.

SolidWaste

Solids removed from wastewater collection and
treatment systemsmay include sludge and solids.
Recommendedstrategiesfor the managementof

solidwastesinclude: Elementdncludedin EMSP

Select appropriate sludge treatment Sludgetreatment plant constructed accordingto
technologies; Best Industry Practice and disposalaccordingto

Processingdisposaland re use of wastewater BestAvailableTechnologyequiredfor Angola

treatment plantresidualsshouldbe consistent
with applicable national requirementsor, in
their absence, internationally accepted
guidanceandstandards.

Water Distribution

The water distribution system is a critical
componentin delivery of safe potable water. Even
if water is effectively treated to remove
contaminantsand destroy pathogens,waterborne

diseases outbreaks can occur because of Elementsncludedin proposalfor the ESMS
deficienciesn the water distribution system.

Recommendedmeasuresto prevent or minimize

potential community health risks associatedwith

the water distribution systeminclude:

z  Construct, operate, and manage the water
distribution system in accordance with
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Guideline

applicable national requirements and
internationallyacceptedstandards;

z Construct and maintain the distribution
system so that it prevents external

FRQWDPLQDWLRQ

V\VWHP E\ IRU H[DPSOH

Inspectingstoragefacilitiesregularly,and
rehabilitate or replace storage facilities
when needed.Thismay include draining
and removing sediments, applying rust
proofing,andrepairingstructures:

Ensuring that all installation, repair,
replacement, and rehabilitation work
conforms to requirements for sanitary
protectionand materialsquality:

Testingmaterial, soil, and water quality
and implementing best practices to
prevent corrosion, such as cathodic
protection:

Preventing  crossconnections  with
seweragesystems:

Separating water lines and sewer
pressuremains):

z Maintain adequate water pressureand flow
throughoutthe system for exampleby:

Implementinga leakdetectionand repair
program:

Reducingesidencetime in pipes:

Maintainingpositive residualpressureof
at least20 poundsper squareinch

Monitoring hydraulic parameters, such
asinflows, outflows, and water levelsin
all storage tanks, dischargeflows and
pressures for pumps, flows and/or
pressure for regulating valves, and
pressure at critical points, and using
systemmodelingto assesghe hydraulic
integrity of the system:

z  Preventintroduction of contamination from
the distribution systemitself, for exampleby:

Minimizing microbial growth and biofilm
development(e.g. by ensuringadequate
residual disinfection levels). Collect
samples from several locations
throughout the distribution system,
includingthe farthest point, and test for

IURP HQWHULQJ

ProjectComponent

WKH ZDWHU
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Guideline ProjectComponent

both free and combinedchlorineresidual
to ensurethat adequatechlorineresidual
is maintained.

Choosing residual disinfectant (e.g.
chlorine or chloramines) to balance
control of pathogensand formation of
potentially ~ hazardous disinfection
byproducts.

Usingconstructionmaterialsthat do not
contribute to releaseundesirablemetals
and other substanceor interact with
residualdisinfectants.

x CumulativelmpactAssessment

ThisReportundertakesa CumulativedmpactAssessmenfior eachChapteror eachimpact.

Themostimportant Cumulativelmpactfor this Projectis abstractionof water from the Kwanza
River,becausehere are alreadyother abstractionpointsin this vicinity aswell aseffluentsfrom
industrial users. Theremay alsobe other plannedabstractionsin the future, aswell as other
proposedactivities in the zone, including oil and gas explorationin the KwanzaRiver basin.
Runningconcurrentlywith QuilongaGrandeProjectis the Bita Project,and the impactsof these

two projectscombinedon the Kwanzashouldbe assessed.

It is clearfrom the HydrologySectionof the ESIShat the proposedwater abstractionrates for
QuilongaGrandeevenat the maximumcapacityscenarioof 9 m3/s is sustainablen context of
the present average, minimum and maximum seasonal/dailyflows in the KwanzaRiver.
However,naturalwater availabilitymayalter with climatechangeimpacts,andat present,it has
not been possibleto assessthe cumulative impacts on the Kwanzawith respectto other

existing,plannedor possibleabstractionprojects.

It isimportant that the manyusersof the KwanzaRiverat the location of the Quilongaproject,
includinglocal communities;commercialand industrial users;and indeed the beneficiariesof
water distribution to Luandaake a holistic view of the resourceof freshwatersuppliedby the
Kwanzain context of the protection of its quality, in order to ensurethat the abstractionof

water is sustainableoverthe longterm.
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TheESMFor this Projectrecommendghat a CumulativeAssessmentf total water abstraction
requirementsand provisions,together with impact on water quality from effluents and other

sourceds conductedduringthe first five yearsof Quilonga/Bitaoperation.

[.1.2.3.Multilateral InvestmentGuaranteeAgency(MIGA)PerformanceStandardsOn
EnvironmentalAnd SocialSustainability

The eight MIGA Performance Standards(Extractedfrom http://www.miga.org/, September

2014)mirror the eightIFCPerformanceStandardseachwith anexplanatorynote, asfollows:

x PerformanceStandard 1: Assessmenand Managementof Environmentaland Social
Risksand Impacts
Underscoresthe importance of identifying E&S risks and impacts, and managing E&S

performancethroughoutthe life of a project.

x PerformanceStandard2: LaborAndWorkingConditions
Recognizeghat the pursuit of economicgrowth through employment creation and income

generationshouldbe balancedwith protection of basicrightsfor workers.

x PerformanceStandard3: Resourcefficiencyand PollutionPrevention
Recognizethat increasedndustrialactivity and urbanizationoften generatehigherlevelsof air,

water andland pollution andthat there are efficiencyopportunities.

x PerformanceStandard4: CommunityHealth,Safetyand Security
Recognizeshat projects can bring benefits to communities,but can also increasepotential

exposureto risksandimpactsfrom incidents,structuralfailures,andhazardousnaterials.

x PerformanceStandards: LandAcquisitionand InvoluntaryResettlement
Applies to physical or economic displacement resulting from land transactions such as

expropriationor negotiatedsettlements.

x Performance Standard 6: Biodiversity Conservationand SustainableManagementof
LivingNaturalResources
Promotesthe protection of biodiversity and the sustainablemanagementand use of natural

resources.
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x PerformanceStandard7: IndigenousPeoples

Aimsto ensurethat the developmentprocesdostersfull respectfor IndigenousPeoples.

x PerformanceStandard8: CulturalHeritage
Aims to protect cultural heritage from adverseimpacts of project activities and support its

preservation.

It is consideredthat for presentpurposessincethe Projecthasbeenreviewedin respectof IFC
PerformanceStandardsthat the eight MIGA PerformanceStandardshave by proxy alsobeen

includedin the projectreview.

|.2 IDENTIFICATIONHETENDERER

In order to conduct the aforementioned study, the EmpresaPublicade Aguasde Luanda
(LuandaPublic Water Company)EPALEP., promoter of the project and hereinafter named
solelythe Tenderer is in this caserepresentedby the Presidentof the AdministrationCouncil

andDirectorGeneral Mr LionidoGustavorerreirade Ceita,with the following contactdetails:

AddressRuaFrederichEngela°3, 1387Luanda

Telephone222335001/2/5

|.3. IDENTIFICATIODFTHETEAMRESPONSIBEORCREATINGHEESIS

At the request of EPALEP., a EcovisdoAngola, Lda., was commissionedto create the
Environmentalmpact Studyof the LuandaDrinkingWater Supplyproject, System5 — Quilonga

Grande.

The field work and elaboration of the technicaldocumentsoccurredin August2014, with a

multi disciplinaryteam presentedin table 1 havingbeenresponsibleor creatingthe ESIS.
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Tablel —Ecovisdand Artelia Teams

Susan@alminha/Sofidinto
EnvironmentaEngineering
SofiaPinto EnvironmentaEngineering
RitaMena Biophysical Engineering, | Qualityof Air, Wasteand Landscape
Susan@alminha Territorial ~ Planning and
Management
PedroDuarte Geologist Geology SoilUsageand Planning Water
Iracemaluciano Biologist ResourceandClimate
Geographer
MiguelGamboa Geographer
Am.e”CORe'S E.nvwonr.nentaEnglneer. SOCIOECONOMICS
RitaMena Biophysical Engineer,
Susan&alminha Territorial  Planning and
Management
. Biologist
PedroMartins Finalist in Environmental | EcologicaFactors
LunaFortunato ) .
Engineering
NunoCunha . .
. EnvironmentEngineer .
Avelino . - SoundEnvironment
EnvironmentTechnician
Kalungunlungo
RicardoNogueira BIO|OgIC&| Engineer | SoundEnvironment(Modelling)
(EnvironmentaBranch)
LuisCastro Archaeologist Heritage

Dr.Mark McLellan

Dr.MarkMcLellan | EnvironmentaSpecialist

ManuelTrindade Specialistn SocialStudiesand Angolanexperienced

JérémyGasc Specialistn ClimateChangeand EnergyManagement
ArmelineDimier Specialistn SocialAssessment
Maud Dellong ProjectAssistant
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[.4. METHODOLOGMNDGENERADESCRIPTIOBFTHESTRUCTURE

The methodologyusedin creatingthe Environmentallmpact Studywas defined in advance or
rather in the previous Study,to make it possibleto identify, characteriseand evaluate the
ecological biophysical,socioeconomicand cultural aspectsexistingin the areaof the project,

the resultingimpactsof its executionandthe measuredor minimisingeachimpactverified.

Accordingto the BasicLaw on the Environment,Law no. 5/98 of 19 July,the Environmental
ImpactAssessmenis classifiedasone of the maininstrumentsfor EnvironmentaManagement,
with its executionbeing obligatory for actionsthat have implicationsfor environmentaland

socialbalanceand harmony,contributingto improvingthe quality of humanlife.

Theobjectiveof the EnvironmentalmpactAssessmenis to correlatethe resultsobtainedin this
assessmentwith the defining and substantiatingthe required measuresfor prevention and
minimisation, with the principle of avoiding passivenegative effects being generatedby the
project itself, or if minimisingand/or compensatingproves impossible,proposingpreventive

measuresassuch.

Alsodefinedwithin the scopeof the study are the guidelinesfor determiningmonitoring plans
that guaranteethe processof observationand gatheringdataon the environmentstudy,andon
the environmental effects of the project both constituent phases, hereafter named
EnvironmentalMonitoring Plans.Identified in the EnvironmentalMonitoring Plansare the
descriptorsthat lackthis monitoring, the respectiveenvironmentalparametersto be assessed,
target areasfor monitoring, the phasesof the project to which they apply, periodicity of the
monitoring and duration of the campaigns.The Elaborationof Plansmakesit possible to
evaluatethe state of the environmentin an systematicand insightful manner,without gapsin

information or subjectivityin appraisinghe developmentof the environment.

The first phase of creating the ESISis surveyingthe field, making it possibleto obtain
information in order to perform the previousitems, on the project areaand its surroundings.
This enableselementsfor characterisingthe ReferenceSituation and creating the remaining
constituent elementsof the ESISwhich is of essentialimportance,sinceit allows a basisfor

assessingmpacts.
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Pursuantto these objectivesand in accordancewith the stipulationsin Decreeno. 51/04 of 23
June,the methodologyadoptedin creatingthe study took approachingthe following aspects

into account:
f Descriptionof the project;

f Characterisinghe referenceenvironmentalsituation of the project implantation area,
and the surroundingarealiable to be affected during the constructionand exploration

of the supplysystem;

f Forecasandassessmentf the positiveandnegativeenvironmentalimpactsliableto be

causedduringthe phasesof the project;

f Definition precautionary, minimising and/or compensatory measuresfor the most

significantnegativeimpactsidentified, andthe measuregpromoting positiveimpacts.
f Definitionof the specificmonitoring plans,whennecessanandif applicable;

Thework was developedusingas a basisvariousenvironmentaldescriptorsmost suitable for
the areawhere the projectis beingintegrated,basedon usingspecificmethodologiesfor their

prompt classification.

[.4.1. Assessmenbf the impacts

The analysisand assessmentof environmentalimpacts derived from performing a certain
project constitute a key step in defining the best alternatives, defining the preventive and

minimisingmeasuredor the negativeimpactsandthe measuresoostingthe positiveimpacts.

The methodology for assessingthe environmental impacts should be coherent and

comprehensivesoasto sustainthe decisionprocessntrinsicto appraisingorojects.

The assessmenbf the environmentalimpacts determines— whenever possiblequalitatively
and quantitatively — the most significanteffects associatedwith the different phasesof the

project, thesebeingthe constructionphaseandthe explorationphase.Thisassessmeninvolved

elaborating the various scenarios, considering the environmental trends with the
implementation of the LuandaDrinking Water Supply— System5 — Quilonga Grande, and

without its construction.
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Identifyingthe impactswas basedon qualitative methods supportedby the bibliographyfield
work, previousexperiencesand expertopinions,interrelatingthem with the principleactionsof
the project and their implementationwith a scenarioof environmentalvariablesevolving,and

consequentlterationsanddirect allocationsproduced.

1.4.1.1.Methodologyfor Assessingmpacts
The qualitative assessmenbf environmentalimpactswas basedon the characteristicsof the
impacts (see Table 3), taking the following qualifiersinto account: Qualification, Magnitude,
Incidence, Probability or Degree of Certainty, Duration, Occurrenceor start of the Impact,
Spatial Dimension, Reversibility,being the assessmentperformed by means of a relational
matrix for assessingmpacts,alsoknown asa cause/effectmatrix, in whichthe principleactions
of the project were compared, and the environmental descriptors deemed relevant. Also
distinguishedn this matrix, basedon the impactassessmenfare the minimisingmeasurego be

implementedin eachdescriptor.

In order to assesshe impacts,their degree of significancewas taken into account, both in
relation to the environmentalfactor and to other impacts(cumulative).The significancerefers
to the importanceattributed to a changein the state of the environment,havingbeenassessed

on the following scale:Impactof Little SignificanceSignificantand VerySignifican{seeTable3).

Table2 — Synthesiof the methodologyfor assessingmpacts

' Nawe  Classificaion
Qualification
(reveals whether the impact is positive or negative for the Positive/ Negative
environment)
Magnitude
(refersto the degreeof allocationon a particularfactor)
Incidence
(if the impactsresults from direct actions of the project or from its Direct/ Indirect
effects)
Probability or Degreeof Certainty
(the degreeof probability of the impactoccurringis revealed)

Low/ Moderate/ High

Certain/ Likely/ Unlikely

DUIEEN . . . - Temporary Permanent
(refersto the time scalein whicha certainimpacthasan effect)

Occurrenceor Startof the Impact Immediate/ MediumTerm/ Long
(refersto the time phasein whichthe impactoccurs) Term

SpatialDimension Locall Regional National/ Cross
(geographicahreaof occurrenceof the impact) border

Reversibility

(takesinto accountthe possibilitythat oncethe impacthasoccurred, = Reversiblé Irreversible
the systemaffectedcanreturn to its initial state)
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In aninitial phase the activitieswill haveto be characterisedasrigorouslyaspossible sincethis
isin the basisfor the ImpactAssessmentyith the following methodologybeingpursuedfor this

purpose(seeFigure?).

Figure2 — Working methodologyfor creatingthe ESIS

[.4.1.2.Cumulativelmpacts
The assessmentf the cumulativeimpacts (Cl) of a given project differs essentiallyfrom the
generalassessmenbf impacts,sincethe object of assessmenbecomesthe resourcein which
the potential impacts can be sensed.In this type of project, the assessmenbf Cumulative

Impactsis of greaterrelevancesincein its areaof implementation:

— There are already other activities (industrial units such as CIFCementFactory, CocaCola
factory, Cucabeer factory, sandand clay extractionunits, warehouseswater bottling units and

water abstraction,amongothers.

— Environmentalproblems has already been verified (open deposit of residesand effluence,

abandonmentf aggregateextractionareaswithout restoringthe landscapeamongothers).

The cumulativeimpactsare causedby the aggregationof actionstaking placein the past, of
presentactionsand eventhose the predictedfuture occurrenceof whichis relevant. However,
cumulativeimpactsare the total impacts— includingdirect and indirect impactsin a particular
resource, ecosystemand human community — of every action, independent of their origin,
which is why they lack analysisin terms of resource,the ecosystemor the human community

specificallyaffected.
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The following figure presents the approach for assessingimpacts, comparing the typical

proceduresof the ESI@ndthe cumulativeimpacts(SourcePartidario& Jesus)

Figure3 — Schematiaepresentationof the approachfor assessingmpactsand cumulativeimpacts

(SourcePartidario& Jesus)

Contrary to that which was performed in the traditional impact assessmentn which the

environmentalaspectsaffected by the project were assessedthe approachconductedin the

assessmenof cumulativeimpactswill be basedon analysingother projectsand actions,passed

andforeseeablethat might affecta certaindescriptor.

Within this scope the analysisof cumulativeimpactswasconsideredbasedon the followed:

9 Identifyingpassiveémpactsof presentingeffectsof cumulativity;

9 Definingthe time andspatiallimits;

9 ldentifyingother activitiesor actionsof current, future or passedprojectsthat promote
the cumulativityof the impactswith the projectbeinganalysed;

9 Assessmendf the meaningof the cumulativeimpacts;

9 Identifying the most important causeeffect relationships, between the resources,
humanactivitiesandthe humancommunities;

9 Determiningthe magnitudeandsignificanceof the Cls;

9 Modifyingor addingalternativesin order to avoid,minimiseor mitigate significantClIs;

9 Monitoringthe Clsfrom the alternativesselectedand adaptingtheir management.
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With a view to classifyinghe cumulativeimpacts,accordingto the categoriedisted above,use
was made of the expert opinionsof the techniciansinvolvedin the study by consideringthe
foreseeablethresholdsof sensitivity,probability and scalesof occurrence makingit possibleto

gaugethe significanceof the impactsfor the different environmentalvariables.

It is furthermore relevant to refer to the assessmenthaving been developed taking their
occurrencephaseinto account,with it thus beingorganisedin two phases(constructionphase

andexplorationphase)in accordanceavith the abovementioned.

[.4.2. Structureof the ESIS
The Environmental Impact Study is divided into an Environmental Impact Study Report

(henceforthsolelynamedthe Report)anda NoniTechnicaBummaryNTS).

TheReport, of whichthis documentforms a part, includesan integratedanalysisof the various
componentsstudied, summarisingall of the relevantinformation in order to supportdecisionr
making by the component bodies. This document is created using technical and scientific

language.

Thepurposeof the Non iTechnicalSummaryis to summarisethe content of the studyreport in
non technicallanguage,thus facilitating consultationand the general public's understanding.
Accordingto point 2 of article 10 of Decreeno. 51/04, "the public consultationstarts with prior
disclosureof a non technicalsummaryof the Environmentallmpact Studycontainingthe most
important effectsthat the project might generatein the environment,namelythe useof natural
resources, the emission of pollutants, the creation of disruptions (light intensity and
temperature, noises and odours) or the elimination of waste; identifying the preventive
measuresfor assessingnd lessoningthe effects on the environment,as well asthe project's

impactson the socioeconomicenvironment".

Lawno. 5/98 of 19 June referringto the BasicLawon the Environmentexpressesn Articlein 5
its objectivesand measuresconcerningthe guaranteeof less environmentalimpact of the
actionsnecessarnyin developingthe country through planningthe territory correctly, applying
suitable techniquesand technologies,and pursuantto the quality of the urban environment,
where it refersin Article 16 (Environmentimpact Assessmentjhat the Environmentallmpact

Studyis a documentfundamentalfor conductingelAprocesses.
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Based on the abovementioned Decree, the ESISis the document of the Tenderer's

responsibilitieswithin the scopeof the EIAprocedure,which containsa summarydescriptionof

the project, the identification and assessmenbf probable positive and negativeimpactsthat

performingthe projectmighthaveon the environment.

Accordingto the documentreferred to above,the creation of the Environmentallmpact Study

(ESISperforms a synthesisof the varioustechnicaldossierscreatedfrom variousangles,with

the ESI®eingrequiredto presentthe followingminimumcontent:

9
9

Descriptionof the project;

TheEnvironmentalmpactStudyReport;

All of the project'stechnologicaklternatives,and those concerninglocation,comparing
them with a hypothesisof not executingthe project;

Identifying and assessingthe Environmental Impact generated in the project's
explorationandclosurephases;

Definingthe limits of the geographicakreato be affected directly or indirectly by the

impacts,namedfor eachof the project'sareasof influence,in all instancesconsidering
the populations,other livingbeingsanddrainagebasinwhereit islocated,;

Considering the governmental plans and programmes proposed, and under
implementationin the project'sareaof influence,andtheir compatibility;

Other elements deemed pertinent due to the project's compatibilities and

characteristics.

With regardto the technicalcontent of the ESISthe following activities should principally be

developed:

a) Environmentaldiagnosticof the project's area of influence,and a descriptionand
analysisof the environmentalresourcesand their interactions, as they exist, so asto
characterisghe environmentalsituationin the areasbeforeimplementingthe project;
b) Analysisof the project's environmentalimpactsand their alternativesby identifying,
predicting the magnitude and interpreting the importance of the probably relevant
impacts;

c) Definition of the mitigatingmeasuredor the negativeimpacts;

d) Elaborationof the guidanceand monitoring programmefor the positiveand negative

impacts,indicatingthe factorsand parametersto be considered.
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. CGHARACTERISATIORTHEPROJECT

Thischapteraimsto provide a summariseddescriptionof the project LuandaDrinking Water
System5 — QuilongaGrande,sinceit hasthe elementsof the initial consultationas its basis
(Preliminary Draft, 2013). The project is still subjectto minor adaptation, such as location
changegavailabilityissueswith the sites,for instance),or technicaladaptations(for the same

reasons)althoughthe broadoutline of the projectwill be retainedoverall.

[1.1 OBJECTIVESNDBACKGROUNDFTHEPROJECT

Thethree existingwater supplysystemsin the Angolancapital Luanda(System, Il and lll), (see

Figured) are provinginsufficientfor supplyingthe growingpopulationwith drinkingwater.

Consequentlythe DrinkingWater Supplyproject known as System5 — QuilongaGrande,the
subjectof the presentstudy, aimsto reinforce the provisionof drinkingwater to the eastern
part of the province, by implementingan abstractionplant andtreatment plant with a maximum
capacity of 9 m¥s (6m®/s in the initial phase),and the respective pumping network and

connectionto the different distribution centres.

The water treatment is to use the latest technologies,and will guaranteethe standardsfor

drinkingwater definedby the World HealthOrganisatiof WHO).

Thecurrent productionof drinkingwater to the Provinceof Luandaof 5.8 m¥/s shouldreach25
m?/s thanksto the Systemb QUILONGARANDENdthe SystemlV — BITA(the latter is still to

be elaborated).
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Figure4 Representationof Luanda'sexistingWater Supplysystem(Sourcehttp://www.epal.gv.ao/pt)

In give an order of magnitude to the importance of the project, taking into account an
equivalentdaily consumptionof 100 litres per person (domesticconsumptionand industrial
needs),by 2017 the System5 — QuilongaGrandeProjectwill be able to make drinking water

availableto a populationequivalentto 5 million inhabitants.

1.2 LOCATIONMOFTHEPROJECAND DESCRIPTIOBFTHESURROUNDINGS

The project is located in the province of Luanda,with infrastructuresto be implantedin the

municipalitiesof Icoloe Bengo,Vianae CacuacoseeFigureb.

The water abstracted from the River Kwanzawill be normalisedin a treatment plant and
conveyedhrougha powerfulabductionnetwork of more than 1000km to 7 distribution centres
(DC)consistingof tanksand pumpingstationsto the installationsconstructed.Other networks,
known as "secondary"networks, will divide off from these centres, capableof transporting

drinkingwater to homesand collectivesor industrialinstallations.
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Thedimensionsof the QuilongaGrandeproject, aswell asthe short period of time foreseenfor
achievingt, haveled the companyEPALEP to dividethe projectinto 10 Plots. Thegeographical

distribution of the plots of whichthe projectcompriseds presentedin Figure6.

Table3 — Geographicatlistribution of the project's plots

Plots Province Municipality District
Plot 1 nWaterabstractionand :
Icoloe Bengo RiverKwanza
WTP
Plot2 Networkfor transporting Cacuaco,
drinkingwater to the distribution Viana miscellaneous
centres
Icoloe Bengo
Plot3 — CacuacdC2 Cacuaco Cacuac@ District
Plot4 ZangoDC5 Viana ZangaDistrict
; Luanda o
Plot5 newairport DC Icoloe Bengo DistrictKm30
Plot6 —-Km30DC Viana n/a.
Plot7 —Capalang®C Viana Capalang®istrict
Plot8 —QuilongaGrandeDC Icoloe Bengo BomJesuDistrict
Plot9—PIVDC Viana SpeciakEconomicZone
District
Plot 10— SludgeTreatmentPlant Icoloe Bengo n/a

Legend:
DC-DistributionCentre
WTP-Water TreatmentPlant
n/a —Informationnot available

Themainaccesse$o the plot areasare madeby highwaysrespectively:

X ExpressVay;

X Zango/Calumbdighway;

x Catetehighway;
x BomJesusighway;

X Secondarygirt tracks;
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Figureb5 — Administrative location of the project at provinceand municipality level (SourceMunicipality Atlas of Angola)
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Figure6 — Locationof the project in satellite image(Source:GoogleEarth,2014)
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Tobetter situatethe areaof the projectimplementationin context, presentedbelow is a brief

descriptionof the implantationsitesandtheir surroundings.

Table4 —Brief descriptionof the areaof 10 plots and their surroundings(Source:GoogleEarthimages,

Plot

Plot 1 —Water
abstraction

Plot1 ' WTP

Plot 8 —Quilonga
GrandeDC

Plot 10— Sludge
treatment plant

Plot2 Network for
transporting drinking
water to the
distribution centres

Plot3 —-Cacuac®dC

Plot4 Zango5DC

Plot5 new airport
DC

2013and2014andfield survey)
Characterisatiorof the areaandits surroundings

The abstraction site is located on the right bank of the River Kwanza.
Upstreamthere are variousindustrialunits suchasa CocaColafactory, the
Cucabeerfactoryaswell asvariouswater bottling units.

NNW of the abstractionsite is the town of Bom Jesus,and NNEis the
Augustodistrict.

Accesss madeby the BomJesugsoadandthen by dirt track.

Accesdo the site is made by dirt track, after exiting the Bom Jesusroad.
Theareaonly presentstree and bushvegetation,asdo its surroundings.

Thepipe network largelyfollowsthe roadwaysin paralleloutlines.

The sectionconnectingthe abstractionto the WTPcontinueson land not
occupiedby humansthat connectsthe CocaColafactory to the Cucabeer
factory,andfrom there it follows up to the BomJesugoad. It continuesto
the WTPfollowingthe BomJesugoad.

Thesectionconnectingthe WTPto Plot5 (new airport) follows the outline
of the BomJesusoadandthe Cateteroad, toward Luanda.

Theconnectionto plot 6 andto lot 4 is madefrom the Cateteroad by dirt
tracksor by land unoccupiedby anyhousingor industry.

Thesectionsconnectingplot 9 (PIV)and plot 3 (Cacuacoare madein part
parallelto the ExpressVay,andthe reminderby secondaryroad.

The connectionto plot 7 (Capalangajs made through the interior of a
denselypopulatedarea.

Area without any housing or industrial occupation, the presenceof a
numberof baobabtreesand power polesisrecorded.

Area without any housing or industrial occupation, although its
surroundingsare denselypopulated and with intense commercialactivity
at the site access.

Area without any housing or industrial occupation. There are in its
surroundingsvariousindustrialunits, warehousesandrailwaylines.
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Plot Characterisatiorof the areaandits surroundings

Plot6 —-Km30DC Accessis made by dirt track up the Catete road, along which various
industries are located. There is one dwelling in the area, and its
surroundingsare occupiedby housing.

Plot 7 —-Capalang®C  Built areainvolvinga football field, and its surroundingsare occupiedby
housing,commerciakitesanda hotel.

Plot9-PIVDC Areawithout any housingor other type of usage,which is insertedin an
industryandwarehousearea. TheDCwill be constructedwithin the areaof
the DCindustrialestate.

11.3 DESCRIPTIOBFTHEPROJECT

The project System5 — QuilongaGrandeunder study is composedof 10 construction plots

consistingof, respectively:

Plot 1 — AbstractionUnits, RawWater PumpingStations,PumpingStation,Conveyance
to Treatment System,Raw Water Treatment Plant (WTP), Auxiliary buildings and

installationsof the DistributionSystem;

Plot 2 — Treatedwater pipesmakingthe connectingbetweenthe WTPand the various

distribution centres(DC);

Plots 3, 4, 5, 6, 7 and 9 — Distribution centres named CacuacoZango,New Airport,

Km30,CapalangandP1V;

Plot 8 — Treated water reservoir situated at the end of the WTP, as well as a
correspondingpumpingstation and an elevatedreservoir,for supplyingthe BomJesus

Zone;

Plot 10 — Final TreatmentPlant of the Sludgeproducedduring the treatment in the
WTP (sludge originating from decantingand cleaningthe filters). This treatment is

installedin the WTPsite.
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I1.3.1Predictedactivities

Plot 1

Water Abstraction

All of the raw water to be treated in the WTPwill be capturedin the RiverKwanzaasreferred
to previously,andfor this purposea canalwill be constructednextto the riverbanks.Thecanal
providesfor variationsin the river's minimum and maximumwater level, conveyingthe raw
water through a sorting system first coarse(30 mm), then fine (2 mm), the role of whichis to
remove waste (branches.etc.) transported by the river. Thiscleaninggrills are equippedwith
automatic skimmers,which lift the waste up to a conveyor belt that transports them to

evacuatiorrecipients.Therecipientsare then sentto the final destination,by lorry.

A set of 6 vertical line shaft pumps,with a unit flow rate of 1 m*second,and a TDH(Total
DynamicHead)of more than 100 m (the exactvalue will be determined dependingon the
definitive location of the works)guaranteeshe pumpingof a total flow of 6m*secondto the

treatment station.

The pumps' electricalenergyis suppliedby an undergroundelectricalline of 11 KVfrom the

treatment stationand5 generatorswith unit power of 2500KVAinstalledasbackup.

The pumps' motors are installedin a dry atmosphere,in a location equippedwith a cranein
order to facilitate maintenance.Cementpartitions isolate each pump, preventingthe mutual
influences of the pumping, retention and blocking valves are installed upstream and
downstreamfrom the pumps,whichunloadinto a commonnucleusfor the supplyconsistingof

2 channellindines,which correspondgo two projectedprocessindines,asdescribedbelow.

Animportant anti wvater hammerdevicecompletesthe apparatuswhichwill be equippedwith

suitablemeasuringdevicegelectromagnetidlow measurers).

The cleaninggrills, the pumping building, the electrical sites (Medium Voltage, Low voltage,
control room) the transformer and electrogenic group sites, the outside installations
(circulation routes, walls, etc.) and the annex buildings (offices, security cabin) make up a
architecturalwhole of refined quality, givenits locationson the banksof the river Kwanzaand

in anareain full development.
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Thesupplyto the treatment station: consistsof two steel pipeswith a diameterof 1,200mm,
and a thicknessof 8/8 inches. Thesetwo lines correspondto the 2 treatment lines of
3m¥second constructedin the treatment station. The steel, chosendue to its resistanceand
the possibilitiesfor adaptingit to the site, is coatedinsideand outsidein accordancewith the
standardin force (standardAWWAK £210). The anchorageblocksguaranteeresistanceto the
pressuresexertedin the work equippedwith dischargesn the low points and suctioncupsin
the higher points alongthe channelling.The hydropneumaticreservoirsservingthe anti water
hammer devices,connectedin the pipes and mentioned above, contain air supplied by a
compressolndwater, and maybe equippedwith butyl membranesijf avoidingthe dissolution

of airin the water isdesired.

The length of the supply channelsis currently 11km, after modifying the treatment centre

implementationsite. Thelongestdistance(3.5 km to the origin) may justify the installation of

anintermediarypumpingstation.

@ Permanénciade plantdo
@ Edificio de exploragao
@ Decantadores Actiflo™
(4) Filtros Filtraflo™
@ Espessamento Actidyn™

Plot10
@ Desidratagao das lama
@ Edificio reagente

Reservatorios de agua tratada

@ Reservatério elevado de agua

Figure7 —View of Plot 1 (WTP)plot 10 (Sludgetreatment plant) and plot 8 (DCQuilongaGrande)
(Source EpalangaConsortium,2012)
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Water TreatmentPlant(WTP)

Asindicatedabove,the station comprisestwo rigorouslyidenticaltreatment lines with a flow
of 3 m¥second, for a total treatment of 6 m*second, or 518,000n¥/day. It is anticipated
subsequentlyto add a new line of 3 m¥second, which will increasethe treated flow of the

QuilongaGrandeprojectto 9 m¥second.

The treatment is of the classictype: decanting, filtration and disinfection. What makesit
originalare the moderntechnologiespatented and implementedby the EpalangaConsortium.
The Actiflo or Actidyn type equipmentis compact equipment, particularly well adapted to

variationsin loadsandflow rates.

Themain parametersfor analysinghe water to be treated, aswell asthe treatment objectives
to be reachedin order to respectthe potability standardsof the WHO,are summarisedn the

table below:

Table5 — Valuesof the parametersfor raw and treated water consideredfor dimensioning

Rawwater Treatedwater

Physicochemicadarameters
Cor(mg/I PtCo) 39 15
Turbidity(NTU) 43 5
pH 6.12 6.58.5
Aluminium(mg/l Al) 0.6 0.2
Ammonium(mg/I NH; N) 1.6 0.39
Iron (mg/l Fe) 1.1 0.3
Nitrates(mg/I NGs) rrr 50
Sulphategmg/l SQ) 250
Bacteriologicaparameters
Totalgerms/ml 9400 0
Totalcoliforms/100 ml 540000 0
Faecatoliforms/100 ml 43000 0
Faecaktreptococci100 ml 93000 0
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The characteristicsof raw water from the river Kwanzaare well known, on accountof the
resultsof analysesrom the Kikuxistation in the period 20062010, suppliedby the EPALEP.
Theseresults classifythe quality of the water into "minimum”, "medium", "maximum" and
"extreme", in accordanceawith the season®f the yearor the climatology.Ilt wasthe "extreme"

quality characteristicghat were retainedfor dimensioninghe works.

Theanalysisof the resultsof the raw water defined the treatment proceduresthat will allow
the desiredobjectivesto be reached.Water treatment is a seriesof complexoperations,with
someinteractingwith others. Presentedbelow is a brief descriptionof the main principlesof

the treatment:

Thefirst stageis to eliminate the iron, which is oxidisedin an insolublemanner (Fe(OH) in
order to changeits oxidisationpotential. Theoxidantusedis chlorine,thus pre chlorinationwill

be performedat the top of the station.

There then follows the clarification stage for removing the turbidity and the colour. This
operation is performed in a lamellar decanter, with plates arrangedin the form of nests
inclined to 60°, the purpose of which is to increasethe decantationsurface. This decanter,
crossedby a ascendindlow, is precededby coagulationandflocculationvats.In thesevats,the
suspendedmaterials charged with negativecharge electricity are agglomeratedby adding
positivelychargedsalt (aluminiumsulphate),and depositedby injectingmicro sandintendedto
considerablyincreasethe speedof decantation.Lastly,polymersare addedto the reactionas

catalystsActiflois the work that combinesthe abovementionedratsto the decanter.

The materialsdecanted(known as sludge)are scrapedfrom the bottom of the decanterand
sentthrough the pump and hydrocycloneswhich separatethem from the micro sand,so that
they are largely recovered.The sludgeis then directed to the Actidyn thickeners,while the
fluctuating waters are sentto the top of the Actiflo, after passingthrough UVray treatment,

top preventbacteriologicapollution beingsentbackto the top.

Thefiner materialsthat cannotbe decantedare then reducedin the sandfilters in highvelocity
flow (for this reason,they are called"TGVfilters"). A sandfilter consistsof a structure of slabs
lined with fin tubes that allow the filter to be cleanedperiodicallyagainstthe air and water

current, topped by a fine layer of graveland sandwith a thicknessin the order of 1.20m high.
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Thislayer of sandis a true biologicalenvironmentin which bacteriadevelopthat eliminatethe

polluting materialspresentin the water.

The water from cleaningthe filters (also known as "sludge") are also sent to the Actidyn
technology.Thethick and homogenisedsludgeis then readyfor the final treatment, the object
of Plot10.

Thefinal stageis eliminating bacteriologicalpollution by disinfection with chlorine gas.Each
treatmentline of 3 m%second(seeFigure7 andFigure8) includes:

x 3 parallelActiflo decanterswith a unit volumeof 535m3;

X Abattery of 8 sandfilters, with a unit surfaceof 104 m?;

X 2 Actidyn,with a unit volumeof 60 m?, one for decantingsludge,andthe other for the
sludgefrom cleaningthe filters;

X 2treatmentswith UVrays;

Lastly,a pumpingstation equippedwith 6 unit flow pumpsof 1m*secondreleaseshe treated
water through the largediameterchannels(object of Plot 2) to the distribution centres,object

of plots 3,4, 5, 6, 7,9, andfrom 3 final storagetanks,object of Plot8.

Other treatments

Elimination of aluminium: aluminium precipitates at a pH between 6 and 6.5 and as

coagulationcanreducethe pH below 6, it is necessarnyto increasethe value,which can be
obtained by adding lime milk. The lime milk is then injected at the two of the Actiflo
decanters;

Neutralisation:the water from the Kwanzas known asaggressivélow level of bicarbonates),
with it beingnecessaryo neutralisethem to protect the pipesfrom corrosion.Thisoperation
is performedby injectinglime water into the reservoirsof treated water (after filtration). The

lime water is preparedfrom the lime milk.
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Figure8 — Overviewof the WTPand SludgeTreatmentPlanttreatment (Source EpalangaConsortium,2012)

Rev..0 60/424
FP3A.001/3



BNVIRONMENTAAND SOCIAUMPACTSTUDY

LUANDADRINKINGNVATERSUPPLYPROJECT
SrSTEND — QUILONGAGRANDE

Figure9 — Overviewof the water treatment system(SourcePreliminarydraft, 2013)

The physiochemicabnd microbiologicaltreatment of raw water will be performed from the
dosageof chemicalproducts.Theproject thus anticipatesthe constructionof variousbuildings

for storing, preparingand dosingchemicalproducts:

X Chemicabroductstorageareal
X Chlorinationbuilding;

X Reagenbuilding;

X Limesaturatorsbuilding;

x Areafor conditioningand dosingchemicalproducts;
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Theproject envisageswo distinct treatment processesare referredto above,(seeFigurel0)
which on one handreducethe volume of sludgeo be evacuatedby dehydratingthem, and on
the other handassesshe overflowwaters,sendingthem for recirculationin the WTPto berer

usedon agriculturalirrigation systems.

Figurel0 Overviewof the dirty water treatment systemof the WTPprocess(adaptedfrom
PreliminaryDraft, 2013)

Thedirty processwater originatingfrom the drinkingkater production plant (WTP)consists

of:
9 Thicksludgeoriginatingfrom the WTPthickeners(Actiflo Decantation);
Thesludgeproducedby the WTPis transferredto the sludgetreatmentinstallations.

9 Overflowwater from varioushydraulicstructures;
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Theoverflow water originatingfrom the sludgethickeningfrom the ACTIFLDY decantersare

pumpedto an ACTIDYN' decanterthickenerand recycledat the start of the treatment, after

disinfectionby UVrays.

The totality of the water from the FILTRAFL® filters is stored in a tank, pumpedto the

ACTIDYN'decanterandfinally sentfor tertiary treatmentin Plot 10.

The tertiary treatment consistsof filtration on a reed bed and disinfection by UV rays, for
possiblere usein an agriculturalirrigation network. Thisfinal step of a possibleconnectionto

anirrigation network is outsidethe scopeof the projectunderstudy.

However,the treatment of sludgewill be specifiedin greater detail in the point referring to
Plot 10.

Plot2

Water transmissionnetwork

Plot2 presentsa setof drinkingater pipesfrom the WTPto the distribution centres,

The transmissionnetwork can be divided into 8 main sections,with each section having a
different diameter.Eachsectionwill be limited by the distribution centresand, in certaincases,
by derivations.The following table presentsa summaryof the extensionto be executedby
diameter,in eachsection.

Table6 — Extensionsby diameter and material of the water transmissionnetwork between
Distribution Centres(PreliminaryDraft, 2013DescriptiveDocumentQ2)

Section DN(mm) Material Extension(m)
Abstraction WTP-Derivationl 2x1200 STEEL X10075
Derivationl — Derivation2 1200 STEEL 5115
Derivation2 DCKM30 500 FFD 600
Derivation2 — DCAirport 600 FFD 6160
Derivation1 — DCZango 1200 STEEL 23830
DCZango BCPIV 800 FFD 14280
DCPIV DCCapalanga 800 FFD 6680
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Section DN(mm) Material Extension(m)

DCCapalangabCCacuaco 2x400 FFD X11120

The valuesof the material quantities are provided here subjectto reservations,since the

outlinesare still subjectto alterations.

Thechannellingsare equippedwith blockingvalvesusefulat the sectionsfor the maintenance
operations,drainingthe bottom and suctioncupsat high points, and — giventheir size— each

of thesedevicesare placedin reinforcedconcreteand equippedwith inspectionboxes.

The stagnation of the channellingswill be tested before putting them into service, in
accordancewith the standardsin force, aswell asbeingcleanedand disinfectedbefore being

activated.
Plot3to 9

Distribution Centres

The project envisages? distribution centres, with each of these being consisting of a
chlorination section, reservoir, water tower, administrative building, pumping building and
chlorinestore. Theresidualwater from the installationwill be sentto a sceptictank. Themain
characteristicof eachone of the centresare presentedin Tabla8.

Table7 — Generalcharacteristicsof the Distribution Centres(Source EPALEPtopographicalsurvey,
11.08.2014and PreliminaryDraft)

Quilonga Km30 Newairport Zango5 PIV Capalanga Cacuaco

Distribution centre Grande

Plot8 Plot6 Plot5 Plot4 Plot9 Plot7 Plot3
Capacitymd) 50000 20000 40000 20000 50000 10000 35000
Areaoccupied(m?) 87500 21980 35500 62100 26000 10175 47500
Radiusof influence(ha) N/A 6.624 9.103 3.894 7.518 5.215 5.281
Elevation/quote(m) 161 150.5 156 150 141.5 135 125
Reservoiheight(m) 35 46.5 40 39 51 25 55

Legend:
N/A — Informationnot available

Plot10
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Sludgetreatment

Plot 10 relatesto the final treatment of the sludge(seeFigurell) producedduringthe water r
treatment processandis integratedat the arearegardingthe WTPof the QuilongaGrande, |t
will comprisean ultraviolet (UV)treatment, a dehydrationbuilding,a neutralisationtank, cane

fieldsandasludgestoragearea.

Thethick sludgetreatment processis performedin the dehydrationbuildingthat is integrated
into the continuationof the sludgethickeningprocess.Thedehydratedsludgeis subsequently
stored,andthen sentelsewhereby lorry. Thefinal destinationof the sludgeis not defined,and

isoutsidethe scopeof the project.

Figurell Overviewof sludgetreatment process(SourcePreliminaryDraft €©10,2013)

Thethickenedsludgefrom plot 1 is transferredthrough pumpingto a 1500m* homogenisation
tank, also known as a thickened sludgetank, which is equippedwith submersibleagitators.
Fromthis step, the sludgecontinuesto the mechanicaldehydrationfacility consistingof two

centrifuges.

Thedehydratedsludgeis sentto screwpumpsfor storage,beinginjected with a polymerin

order to facilitate this transfer. Thestorageareais 480 m?.
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Theoverflow water is sentto a neutralisationtank and from this, a part of the flow goesto a

filtration phaseon areedbedandthen, disinfectionby UV.Theexcessf sentby naturalmeans
(seeFigurel?).

Figurel2—Overviewof the overflow water treatment process(Source PreliminaryProjectQ10,
2013)

Theoverflowis sentto a 195m? neutralisationtank equippedwith submersibleagitators.
A part of this neutralisedoverflow is conveyedto tertiary treatment for disinfectionandre r
usagein agriculturalirrigation networks.Theneutralisedexcesss releasednto the rainwater
network, and canalsobe disposedof into the environment.
Thetertiary treatment consistsof the following stages:

x Filtrationon 2 reedfilter beds(canefields),with a unit surfaceof 175m?;

x Treatmentwith UVrays,for eliminatingpathogenicgerms;

x Pumpingfor irrigation.
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Thisplot will be equippedwith aroad scalefor weighinglorriestransportingsludge.

Auxiliary installations

Monitoring and administration structures

In order to perform explorationand maintenanceservicego the WTP a two storey building
of 656 m? in total will be built, consistingof receptionrooms, two laboratories,bathrooms
and male and femalechangingooms,circulations meetingrooms,control, archiveskitchen
andcanteen.

A three storey building will be built for managementand administrationthat will be house
the reception, IT rooms, archive, offices, meeting room, maintenance room, toilets,

secretariatand conferenceroom.

[1.2.2.Equipmentand Consumptions
The list of equipmentto be installedin Plot 1, 8 and 10 can be found Attached For the

remainingplots, no informationis availableat this phaseof the project.

Theenergyand reagentconsumptionsat the explorationphaseof plot 1 WTSwas estimated
baseda treated water flow of 3m®/s of productfor 20 hoursa day, 365 daysa year, i.e. half of

the station'snominalcapacity.

Annual electrical energy consumption will be 78,78,.986 kWh/year, 39.5 kWh for the

abstractioninstallation,37.3kWhfor the treatment, and 1 kWhfor preparingthe reagents.

Thequantitiesof reagentsin commercialproductswill be 90 tonnesof chlorine, 15 tonnes of
polymers,3,400tonnesof aluminiumsulphate,246 tonnesof sandand 2,000n? of lime milk.

Theconsumptionsare differentiatedin the followingfigure.

Rev.0 67/424
FPSA.001/3




BNVIRONMENTAAND SOCIAUMPACTSTUDY

LUANDADRINKINGNVATERSUPPLYPROJECT
SrSTEND — QUILONGAGRANDE

Figurel13— Consumptionsof reagents(Source Preliminarydraft, 2013)

[1.2.3.Basidnfrastructures
All of the buildings will be equipped with cooling systems,communication system, antir

intrusionsystemsandfire detectionsystems.

Servicevater andwater for humanconsumption

Servicewater will essentiallybe usedfor diluting reagentsand cleaningthe installations.Each
building consumingservicewater is connectedby a distribution network. Water for human

consumptionwill be suppliedby the QuilongaGrandeDC- Plot 8.

Compresseair
The project still envisagesthe installation of compressedir production plants for

manoeuvringthe valves with pneumatic controls, and the station's other consumersof

compresseair.
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Residualvater treatment

Residualvater of domesticorigin are sentto screeningequipmentand then transportedto a
tilting funnel for treatment on a bed of microphytes before being released into the

environment.

Energysystem
An energy Transformer Station (TS)will be constructed, an electrical substation, able to

guaranteethe supplyof energyfor the systemto function in normal conditionsandin periods
of electricalfailure. The TSwill have an area of 68,4 m? that will be connectedto another

buildingfor installingthe generatoranddieselstorage.

Securityequipment

Toensurethe technicalinstallationsare protected, the projectsforeseesthe provisionof CG,
powder and water extinguishers,and equipment for individual protection such as ear

protectors,protection masksfor handlingreagentsandgloves.

I1.4. PHASE®FTHEPROJECT

Asmentionedin the previouschaptersthe projectwill consistof two distinctphasesknownas

the constructionphaseandthe exploration phase

Sincethe project is divided into 10 plots with various locations as well as different civil
constructionworks, the actionsto be listed in the constructionphasewill be the main onesto
occur in each plot. There will subsequentlybe a more detailed description of each of the

phasesandactivitiesinvolved:

ConstructionPhase:

In terms of activities, it is predicted that in Plot 1 and 10 in particular, the following be

developed:

9 Worksiteinstallation;

9 Ground levelling (excavations ground movementsand, prior demolitionsin certain
lots);

9 Foundations- Specialvorks;

9 StructuralWorks (moulded concrete structures, scaffoldingand falsework,concrete

assemblyscaffold,concretestructuresand pre fabricatedslabs.etc.)
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9 Finishegwaterproofingconcreteroofs, metalwork andcarpentry);

9 Buried networks (drainage,electricsand lighting), circulation routes and accessand
landscapeplanning;

Installations(electrics telephony,logisticsand water sanitation);

Storeyconstruction;

Constructionof steelpiping;

© © O ©

Miscellaneous(construction of fencing, woodenstructure covers, block masonry,
metal structuresandrolling bridges;
9 Cleaningand Disinfections;

9 Dismantlinghe work site andcleaningthe area;

(...))

©

ExplorationPhase:

Thesecondandfinal phaseis the exploration(or usage)whichwill consistof:

9 Operationof the WTP sludgetreatment station, DCandintake conduits;
9 Maintainingall of the infrastructures;

Sincethe basisfor the ElAis the PreliminaryDraft, certain aspectssuch as the workforce
numbersrequired,the duration of the worksin eachplot and the working hours havenot yet

beendefined.

TheSupplySystemwill operate continually,i.e. 24 hours/day,365daysa year.In the WTPand

SludgeTreatmentStation,the majority of equipmentwill operate20 hours/day.ll.4.1Schedule

The construction phase of the project has a predicted duration of 3 and a half years. Its
phasingwill makeit possibleto product3 m*/s, or 50%0f the total capacity,10 monthsbefore

the system'sotal operation.

Figurel4 presentsthe schedulefor the constructionphase,it canbe seenthat the workswith
the leastduration are the WTP(Plot1, 8 and 10) and those of the DCNew Airport (Plot5) and
DCPIV(Plot9).
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Figurel4— Schedulefor the constructionphaseof the project

[1.5. ASSOCIATEDRCOMPLEMENTARROJECTS

Theprojectalsointegratesthe electricalsupplyof the WTPfrom the electricalpole of the highr
voltageelectrical Substation"Aeroporto Dr. AgostinhoNeto”. Thisconnection(seeFigurel5)
will be air type 60kV, consistingof around 56 electrical poles and sized 30 MVA power

(adaptedfrom DescriptiveDocumentQ1 PreliminaryProject,2013).

Figurel5- Locationof the WTPelectricalsupply project
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Installed at the entrance of the WTPare an electrical pole of protection/block/transformer
type, aswell asa 60/11 KVtransformer,or 30 MVA power. Auxiliarytransformersof 11 KV/
400Vare alsoinstalledat different points of the stationin order to supplythe equipment.The

Lowoltage400V/230WDistribution/230Vundulatedframescompletethe device.

In the raw kvater pumpingstation, 5 generatorswith a unit power of 2,500KVAassistingthe

HighVoltagewill be installed.

11.6. MATERIALBNDBENERGYJSED

Variousenergy sourcesand materials will be used during the two phasesanalysedof the

project,in accordancewith the specificneedsof eachof the phases.

Performedbelow is a synthesisof the main materials and energy sourcesused during the

constructionandexploration(seeTable9).
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Table8 — Materials and Energysourcesusedin the phasesof the project

Projectphase

Construction

Exploration

Resources
Materials

Topsoil
Equipmentmaintenancematerials
Variousconstruction materials
Pipingin variousmaterials
Metal structures
Metal securityrailings
Water
Concrete
Cement
Sandand other crushedaggregates
Variousfloorings(e.g.asphalt)
Wood
Tileand other ceramicelements
Paperandcardboard
Variouselectricalmaterials
Geosyntheticmaterials
Metal structures
Paintsand coatingmaterials
Variousplastics
Plaster
Iron

Energy

Electricity
Fossifuels(diesel)
Gas

Materials

Chemicaproductsfor WTP andVTSP
X Chlorinegas;

Sodiumhydroxide;
Fluorosiliciacid,;
Cationicpolymer;
Aluminiumpolychloride.
Aluminiumsulphate(coagulant)

X X X X X

Water
Installationmaintenanceand conservatiommaterials
Officematerials

Energy

Electricity
Fossifuels(diesel)
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I1.7. BEFFLUENTSVASTEATMOSPHERIBVISSION®NDNOISE

Consideringhe activity under study and the typology of the project at hand, it is possibleto
prevent effluents, solid waste, atmosphericemissionsand noise being produced, as can be
seenin Tablalo..

Table9 — Effluents,Wasteand Emissionemitted in the constructionand exploration phase
Project
Effluents,waste and emissionspredicted
phase
Liquideffluents
Residuaomesticwater
Equipmentcleaningwater (concreting)
Waste
Wastefrom maintainingmobile equipment
Earthfrom excavation
Wastefrom clearingand scouring
Wastefrom constructionand demolition
Lubricationoilsandmasses
Construction Paperandcardboard;plastics;paperand cardboardpackagingplasticpackaging
Metallicand non metallicwaste
Solid domesticwaste
Atmosphericemissions
Dustoriginatingfrom demolitionworks
Dustand gasse®riginatingfrom vehiclecirculationand equipmentoperation
Combustiongassesrom generatoroperation
Soundemissions
Emissiorof noisedueto activitiesof the works(concreting handlingequipment,etc.)

Emissiorof noisegeneratedby circulationof vehicles
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Effluents
Residualomesticwater
Residualvater from the procesdor irrigation (100m3/h)*
Residualvater from the procesgfor naturalenvironmentdisposal600ms3/h)*
Waste
Solid urbanwaste
Paper/cardboardand/or plasticpackagingcontaminatedor non contaminated)
Judgeresultingfrom SludgeTreatmentStation(97 m¥/dte)
Various contaminated packagings(paints, diluents, oils and detergents, chemical
products)
Exploration ~ Wastefrom equipmentmaintenanceelectropumps,etc.)
Paperandcardboard
Paperandcardboard
WEEE wasteelectricandelectronicequipment
Inksandtoners
Atmosphericemissions
Gassesand particlesfrom vehiclecirculationand mobile equipment;
Gassedrom combustion circulationand operationof equipment
Soundemissions
Noiseemissionggeneratedby vehiclecirculation(sludgetransportationto elsewhere)
Noiseemissiongeneratedby equipmentoperation(pumps,generatorsetc.)

(*) valuesindicatedin the PreliminaryDraft
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This chapter characteriseshe current state of the environmentin the study area for the
different environments that may be affected by the project. The characteristicsof the
referencesituation were basedon evidencecollectedfrom field trips and studies,and used
availablemaps of the area and other bibliographicreferences.This characterisationshould
makeit possibleto predict possiblefuture developmentsin the areasaffected by the project

andtheir influencein constructionand operationphases.
Thedocumentationusedin the preparationof this documentinclude:

x Military maps(IGCA);
X Mapsusedbythe FAO;
x DynamicAngolaMunicipalitiesAtlas;
x Geographicaftlasof Angola;
x Otherbibliographicreferences.
The field studies provided a detailed framework for the descriptorsthat were analysed,

whichare shownin Tablell.

Tablel0 EnvironmentalDescriptorsanalysedin the study

Physical Biological Social
Climate .
SocioEconomy
Geology
Water ResourcegWater EcologicaFactors
Qualityand PollutionSources) LandUseandPlanning
Noise
Air Quality
: L andscane Regionaframework,
Soll P Heritage
Waste
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Theclassificatiomprocessof the environmentaldescriptorsalsoincludeda studyand analysis

of all information availablefrom official bodies.

Thefollowing chaptersdescribethe referencesituationfor eachof the relevantenvironmental

descriptors.

. 1. QLIMATE

Thecharacterisatiorof the region'sclimate hasa bearingon this studybecauseof its influence
on the hydrologiccycle,and particularly on water availability,flow regimesand soil erosion.
The climate also determinesthe type of vegetationthat can be incorporatedin the project
area to try to minimise negative impacts. This characterisationis in general based on

parametersof temperature,rainfalland atmospherichumidity.
Most of Angolais subtropicalandhasa dry seasonCacimbopandarainy season.

Accordingto the Atlasof Angolafor secondaryschools(2008 edition), Angolais divided into
four climatezones:highlandstropical desert,tropical damp,andtropical dry. Theprojectarea

isin thislastzone.

The dynamicmap of Angoladividesthe territory into sevenclimate zones:the warm, dry
coastalclimate (of which the project areais located);the warm semiarid region;the warm
rainy northern plains;the warm rainy sandyNorth; the cool damp central plains;the cool

rainy sandyEast;the dry sandySouth.

Among other classifications,Figure 16 shows KoppenGeiger's climate classificationfor
Angola. This particular classificationshows that the project area lies in an arid region

(warm/steppe).
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Figurel6 KoppenGeigerClimateClassificatiorfor Angola

[ll. 1.1 Temperature

Thereare significantgeographicatlifferencesthroughout Angolain relation to averageannual
temperatures,with the lowesttemperaturesrecordedin the region of Huamboand Lubango
andthe highesttemperaturesrecordedin Luandaand Ndalatandoand part of the provinceof

Zaire.
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Thereare alsosignificantseasonalariationsin temperaturein other regionsof Angola.Thisis

not the casein the regionfor the project, whichshowsno seasonafluctuationsof over 12°C.

The lowest temperatures are in July and August (approx. 19 °C) and the maximum

temperaturesare betweenFebruaryand April (approx.31°C)(Tablel2 and Figurel?).

Tablell Minimum, average,and maximumtemperaturesin the regionof Luanda

Min. air temp Av. air temp Max. air temp

(°C) (°C) (°C)
JAN 23.8 26.8 29.6
FEB 24.7 27.9 30.9
MAR 24.6 28.1 31.2
APR 24.4 27.5 30.8
MAY 23.6 26.4 29.6
JUN 20.6 23.7 26.7
JUL 19.0 22.3 25.0
AUG 19.1 21.9 254
SEP 20.3 23.3 26.3
OCT 22.2 244 27.9
NOV 234 26.4 29.2
DEC 23.6 26.5 29.2
YEAR 22.4 25.4 28.5

Sourcewww.inamet.ebonet.net/NormaisClimatologica.htm

Figurel7 Graphshowingthe evolution of minimum, average,and maximumtemperaturesin the

Luandaregion
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I1l. 1.2 Rainfall

Rainfallin Angolais influencedby the centre of high pressurein the SouthAtlantic, by the cold
Benguelacurrent, and by its altitude. The averageannual rainfall decreasesrom North to
Southand increaseswith altitude and distancefrom the sea.The most mountainousregions

north of Huamboandin northern Angolahavehigherrainfall, with over 1000mm annually.

The data availablefrom http://www.inamet.gov.ao/ was usedto draw up Figure 18, which

highlightsthe geographicaldistribution of the monitoring stations network (although with
lesser representation in the provinces of Lunda Norte, KwanzaNorte, Moxico, Cuandor

Cubangand Cunene)lndthe geographicaheterogeneityof the amountof rainfall.

Figurel8 Averageannualrainfall from the 27 monitoring stationsin Angola
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Accordingto data recently publishedby UNAMET jn Luandathe averageannual rainfall is
around 575 mm, and the rainy seasonis consideredas the period between Novemberand
April (Tablel3).

Table12 Monthly rainfall data for Luanda(ClimateNormals)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL

Rainfall
527 53.2 1333 1620 248 O 0 0 6.0 21.7 69.0 52.7 5754

(mm)

Sourcehttp://www.inamet.gov.ao/ (accesse®@eptember2014Y)

However the ClimateNormalsfor the period between1931and 1960showa lower averageof
368mm (SMN,1965).

Thereis considerableinter ennual variability in rainfall with differentials of 780 mm (e.g.in
1916there was854mmof rain andin 1914there wasonly 73mm).Forthe date? for the period
between 1901 and 1952 (52 yearsof data), the averagerainfall was 335mmwith a median
equivalentto 316mm (Figure19). Although this data relatesto the more distant past, it is
compatiblewith the ClimateNormalsfor the period 19314960,and is well belowthe average

valueprovidedby the AngolanNationallnstitute of Meteorologyand Geophysic¢Tablel3).
Froman examinationof Figurel9 and Figure20 one canalsoseethat:

Thereare severalperiodsof two, three or four yearsin a row with annualrainfallsof

lessthan the averagevalueof the dataseries.

Theannualrainfall of the rainiestyearwas 11 times greater than that of the driest
year;

Theleastrainy monthsare in June,Julyand August(90%seeinglessthan 1 mm per

month);

9396 of the annualrainfallfallsin the sixmonthsof the yearfrom Novemberto April.

! Thetime seriesfor the datais not known.

2 Source:Meteorologicaland climatologicaklements Angola,1952 (MeteorologicalServiceof Angola,
1953)

3 AverageValue.In thesesixmonths,the lowest percentageof annualrainfallis 69%(seenin 1943).In
1924 thesesamesixmonthssaw100%of the annualrainfall.
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Figurel9 Evolutionof annualrainfall in the period 1901 A952at the "JodoCapeloObservatory"in

Luanda

Figure20 Monthly rainfall statisticsfor the period 1901 4.952at the "JodoCapeloObservatory"in

Luanda
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Recorddor the yearsof 1931and 1960showthat the maximumdaily rainfallwas149mm.The

maximumdailyfiguresaccordingo month are shownin Tablel14.

Tablel3 Maximumdaily rainfall in Luanda(ClimateNormalsfor the period 19314960)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Maximum
dailyrainfall 132.2 825 147.7 149.0 588 4.8 1.0 5.0 54 195 62.7 39.7
(mm)

[ll. 1.3 Atmospherichumidity

Atmospherichumidity is the amount of water vapour in the atmosphere.lt is important to
measureit asit affectsthe air temperature and the speedof evaporationof water from the
soil surface Additionally,the condensatiorof water vapourinto the atmospherecaninfluence
other phenomenasuchas fog and rain. Relativehumidity, together with temperature, solar
radiation and wind speed,influence certain important aspectsincludingfarming and general

well being.

Accordingto the data provided by the Angolan National Institute of Meteorology and
Geophysic{UNAMET)the averageatmospherichumidity in Luandais 78%. Thereis not a
greatdealof seasonaVariability,with the lowestvaluesseenin the month of Februaryandthe

highestin the monthsof April, May, July,Augustand September(Tablel5).

Table14 Monthly valuesshowingthe relative atmospherichumidity in Luanda
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Relative
Humidity 76 74 77 80 80 78 80 81 8 78 77 77
(%)

Sourcewww.inamet.ebonet.net/NormaisClimatologica.htfaccesse@013)
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Thesevaluesare consistentwith the meanvaluesobtainedfor the thirty yearsbetween1931
and 1960 (Table16). In Table16 one canseethere are consistentlyfewer readingstaken at
15:00hthan thosetaken at the start of the day (at 9:00h),and than thosetaken at the end of
the day(whichare measuredat 21:00h)for the maximumdailyvalues.

Tablel5 ClimateNormalsfor relative atmospherichumidity, measuredat three different times of
day, for the period 19314960,at the JodoCapeloObservatoryin Luanda

Relative

. JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Humidity (%)

9:00h 78 76 78 83 82 81 82 84 81 80 81 78
15:00h 74 71 73 v 77 74 77 77 76 75 76 74
21:00h 84 81 82 87 88 86 87 88 88 84 84 84

lll. 1.4 Wind patterns

Analysisof wind patterns was basedon the climate normals registeredat the JodoCapelo

ObservatoryLuanda)for the thirty yearsbetween19314.960.
Accordingo thesedatafrom the JodoCapeloObservatory:

With the exceptionof the month of July (with SW prevailingwinds), the prevailing

windsare from the Westat all other times (Figure21);

The prevalenceof these W and SWwinds is more markedin the months of October

andNovember.

Averagewind speeds(from those recordedover 1 km/h) do not exceed22 km/h and

three quartersof theseare below 12.9km/h.

Theperiodswith wind less1 km/h are mostcommonin the monthsof Julyand August,

andleastcommonin the monthsof Octoberand November.
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Figure21 Monthly variation of wind frequencyand speedfrom eight directions,in the period 1931r
1960,recordedat the JodoCapeloObservatoryin Luanda.
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lll. 1.5. Forecastsn the Absenceof the Project

In the absenceof the Project “Abastecimentode Agua Potavelde Luanda SistemaV r
QuilongaGrande”[Drinking Water Supplyin Luanda Bystem5 QuilongaGrande]there are
likelyto be changesn the currentclimate,giventhat the economyof the regionunderanalysis
(as well as the country as a whole) is growing fast, and this growth will lead to more

residential,commercialandindustrialconstruction.

Thisoverall predicted changeis, however,in the longterm, and it is not certain, particularly

becauseof socalledglobal“climate change”.

Climatechangeis related to certain human activities (e.g.emissionsof CQ and/or CH from
industrial plants) and to natural phenomena(e.g. emissionsof different gasesfrom active
volcanoes)However this report will only look at humancausesasthesearethe onesthat can
be controlled/minimized.It should also be noted that many of the consequence®f climate
changeare not necessarilyfelt locally, but are more widespread,and changescausedby

activitiesin other parts of the world mayhaverepercussionsn this region.

This meansthat even in the absenceof the Project, predictions are that vegetation will
continue to be removed and/or burned, industrial plants will continue to emit gases(even
though there may be certain improvementsas a result of more effective environmental
policingby the Angolanauthorities),and constructionwill continueto spread,all of which will
increasethe barrier effect, in particularwith regardto wind and sunshine Thesewill directly

affectthe climateat amorelocallevel.

[1l.2. GEOLOGY
[11.2.1GeomorphologicaFramework

On the basisof its morphologicaland structural characteristics Angolais divided into two
parts: east and west. The east is characterisedby outcrops and highlands,while the west

(whichiswherethe Projectis located)is more denudedwith highcurrentlevelsof erosion.

Thewestern part of Angolaencompasseshe CentralPlateauand the steppes,the denuded
plains of Maiombe, the plains of Kuanza.onge, the Zenza.onge "plateau”, the plain of
Cuangaand lowlandsof Cassanjethe coastalplain (whichis wherethe projectis located)and

the highplainsof Namibe.
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The coastal plain, which is irregular, was formed on Mesozoicmarine deposits from the
Perioceanidasin.In general,it is no wider than 15 B0 miles.Closeto the mouths of the Zaire
and Kwanzaivers,the plain widensto between 100 and 130 km, forming the coastalbasinof

the samename.

At the Kwanzabasin,the coastlineis dotted with lagoonsthat fill a variety of tectonic landr
levelchangesThehills andridgeson the plainwere formed in localoutcropsof rocksthat are
resistantto denudation.Thearcheddepressionghat canbe seenin relief probablycorrespond
to salt dome structures. Along the coast, there is an abrasionof between 20 to 50 m in
altitude. Nearthe mouthsof severalriversare beachesridges,islandsand sandbankghat are

severalmetreshigh (Araujo& Guimaraes1992).

Usinga different terminologyfrom that usedin the work of Araujo& Guimaraeg1992),Figure
22 showsthe geomorphologicaimappingfrom the GeographicahAtlasof Angolafor secondary

schools publishedin 2008.

Figure22 GeomorphologicaMappingof Angola
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lll. 2.2 GeologicaFramework

Thegeologyof the regionis dominatedby Cenozoisedimentaryformations.Accordingo the
explanatorynotesfor the Geologicaimap (scalel: 1,000,000)organisedA. G. de Araujo and
FilomenaGuimaraeg1992),one cancharacterisehe formations,from oldestto mostrecent,

asfollows:
x Paleogene

Theregionof Kwanzds characterisedy Palaeocendormation of the DandeRiver,the Eocene
formationsof Gratiddoand Cungaand the Palaeocendoceneformationsof the DandeRiver,
Gratiddoand CungaThePaleogenalepositshavebeenmostdevelopedin the areaof Kwanza,
and havebeenthe subjectof a largenumber of drilling exercisesalongwith a numberof other

outcropsin the regionof the Dande Cuvo Kwanzaand Cungaivers.

Theformation of the DandeRiverhasthe mostimportant outcropsin the easternpart of the
region. It is principally marl and sandstone clay that are amassedat the bottom, and
phosphaticclayat the top. Thewesternsectorof the regionhaslimestoneclaydeposits.These

areabout600mdeepandlie in stratigraphicunconformityon the Tebadeposits.

TheGratidaoformation is in the easternand central parts of the area,and alsoin smallspots
alongthe coastin the southernpart. It consistsof marl, limestone,sandstoneand clay. These
are up to 500m deep and lie along the formation of the Dande River, there is only

unconformityin its contactin the easternpart of the region.

The Cungaformation is particularlywell developedin the south of the region. It is composed

primarily of marlandclay.It is500mdeepandliesin conformitywith the Gratidaoformation.

TheDandeRiver,Gratiddoand Cungaformationswere separatedon the coastof the northern
part of the area,and were only discoveredafter drilling. Dueto their homogeneoudithology,
it had not been possibleto differentiate. They consistof marl and limestone and include
coprolite and conglomeratesTheyare between200to 300mdeep. Theageof the Paleogene
deposits was defined through the fossils. The rocks of these formations have storage

propertiesandarein an areaof oil deposits.
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1) Paleogene Neogene

UndifferentiatedPaleogendNeogenedepositsin the Perioceanibasinand continentalbasins.
They are represented in the Perioceanicbasin by the OligocenaMiocene Quifangondo
formation; in the Kwanzaregion by the EoceneMiocene Malemboformation and by Eocene
Pliocene and OligocenaMiocene deposits in the CabindaCongo region; and by Eocener

Mioceneand EocenePliocenedepositsin the Namiberegion.

In Kwanzahe Quifangonddormation is widely developed forminglargeareasin its northern,
southern and central areas. It is principally composedof sandyclay rock. Occasionallythe
centre of these may have calcareousor gypsiferoussedimentsand intercalated marl and
limestone. Its depth varies. In the basinsit can reach 3013m deep (Calombolocal drill,
northern sector of the zone), rangingin it older elevationsand depths between zero and
severalhundredsof metres.It liesin stratigraphicunconformity on the depositsof the Cunga

formation.
2) Neogene

Neogenedepositshave only been identified in the PerioceanicBasinarea of Kwanza,and

consistof the Mioceneformationsof BomJesusCacuac@nd Luanda.

The Bom Jesusformation is a localiseddevelopmentfilling the Mesozoicbasinsin the area
closeto the Cuvoand Kwanzarivers. It consistsof marl, clay,and, more rarely, limestoneand
sandstone At the baseare conglomerationof calcareoussandstonesit is about 120mdeep

andliesin stratigraphicunconformityon the Quifangonddormation.

The Cacuacand Luandaformationsthat are together in this map, are only found alongthe
current coast line in the north west of Kwanza, with seemingly no other processed
sedimentationin other locations.Theseare made up of clay, marl, some gypsum,limestone
and sandstone.lIts depth reaches2000m, and like in stratigraphic unconformity on the

Quifangonddormation.
3) Neogene Quaternary

The PlioceneQuaternarydepositsare representedby the Quelo formation in the region of

Kwanza.
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This formation is in the northern sector of the zone, and touch the South of Luanda.lts
depositsare gentle slopesin the interfluvesof the coastalplain, and are made up of clayand
reddishsand. Thereare somelaterite layers(0.54.0 meters) at the base.Freshwaterfossils
from the Cenozoiera havebeenfound in the deposits.lts depth rangesfrom severaltens of
metresto 150 200 metres.lt liesin conformity on the Miocenemarinedepositsof the Cacuaco
and Luandaformations, and is often coveredby sedimentsfrom marine terracesand other

Quaternarydeposits.
4) Holocene

Themoderndepositsincludethosefrom beachesand marineterracesof 3 to 6min depth and

alluviumfrom watercourseslts ageis basedon geomorphologicatiata.

Thedepositsfrom beachesand marineterracesare generallyrepresentedin a narrow (only a
few hundred metres) strip along the coast. These deposits are made up of numerous
sandbankgespeciallyaround Luanda).Theyconstitute fine pale sand,often rich in magnetite
and epidote, sometimesgraveland, lessfrequently, clayand mud. Its depth is no more than a

few dozenmetres.

Thealluvialdepositsare low terracesof up to 3m, riverbedsand marshland=of all more or less
relevantwatercoursesTheyare composedof fine and coarsesand,in generalwith little clay,
sometimeswith pebbles,chunksor layersof claybetweenl1.5to 3.5m thick. Thereis gravelat

the top. Thedepth of the depositsrangesfrom 8 to 20 metres.

Figure 23 showsthe stratigraphiccolumn of Cenozoicsedimentarydepositsin the Kwanza
region, basedon two different referenceworks. Thedifferencesobservedare not relevantto

the presentenvironmentalimpactstudy.
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Figure23 6tratigraphicColumnof Cenozoiaepositsin the Kwanzaregion

The GeologicaMap of Angola(scalel:1,000,000py Heitor de Carvalho(1980)was usedfor
the geologicalmapping of the region. Accordingto this map, the Project area is located
predominantlyon MioceneQligoceneCenozoicsedimentaryformations, formed lithologically
by sand,marl, clay,sandstoneand conglomeratesaswell asmore recentformationsfrom the

PlioceneQuaternaryeramadeup of sand laterite and clay(Figure24).
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Figure24 Regionalgeologicalframework of the Projectarea
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Further refinement of the geologicalcharacterizationof the region was made using the
GeologicalMap of Luanda(scale1:25000),publishedby the Departmentof Geologyof the
Facultyof Sciencest AgostinhoNeto University. Thelithologicaloutcropsin the Projectarea

andits surroundingsare, from the oldestto the mostrecentasfollows:

Alternating shaly clay and calcilutite with planktonic foraminifera, in the

Quifangonddormation (Mioceneepoch);

Bioclastic calcarenite with lamellibranchia,brisingida, red algae and abundant
macroforaminifera and planktonic foraminifera, in the Cacuaco formation

(Mioceneepoch)[mlc];

Clay, silt, fine, medium or coarse sand, sometimes alternating with layers of

limestoneand marinefossils,in the Luandaformation (earlymid Pliocene)pl];

Medium fine red sand(in varioustones),which suggest depositionalcycle,in the
Queloformation (Pleistocenezpoch)[Q2] (on which a large areaof the Projectis

located);
Alluvialdepositsfrom thalwegsandterraceand sandydebris(Holoceneera)[a3];

Fineyellow beachsandfrom coastalstretchesand dunes,alluvialand flood plains

(Holoceneera)[ap];

Also in accordancewith the GeologicalMap of Luanda(scale 1:25000),the sequenceof

stratigraphicrelationsis representedn Figure25.
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Figure25 6tratigraphicColumnof tertiary and quaternaryformationsin the Projectarea(Source:
GeologicaMap of Luanda(scalel:25000)

Accordingto the Geotechnicamap of the Luandaregion 1 Edition(HortaDaSilva& Gomes
Teixeira,no date), the Quelo (or Muceque) formation consistsof fine and medium, well
calibrated, oceanicsand. Later, in the continental ecosystem phenomenaof revolvingand
alteration reddenedthe sands,and developeda clayfraction composedof kaolinite, illite and

iron oxides(goethite and haematite);theselast beingresponsiblefor the formation'sdarkred

colour (Figure26).

Figure26 Outcropof the QueloFormationin the Projectarea(ZangolV)

TheQueloformation is a granulometriccompositionof a percentageof sandyparticles H5 %,
a percentageof silt particlesfrom between1%and 5%and a percentageof clayparticlesfrom
between8%and 20%.Themineralogicalcompositionof the sandand silt particlesis identical
to that of the baseof quartz and feldspar. The depth variesfrom a few centimetresto 17
metresin the city limits, althoughaccordingto data providedby Brognonand Verrier(1955),it

could be as deep as 50 metres. It dominatesthe top of the Luandaplateau and as such
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constitutesthe largestpart of the city's foundations,coveringtertiary formationsto a large

extent.

ThelLuandaformation is the most heterogeneousf all the tertiary formations,encompassing

clay,silt andsandsedimentsaswell aslimestonerocks.

Thisformation starts with a shalyclay, composedof brownishor greyishclay and marl, with
foraminifera, that representthe lateral equivalent of the platform's facies formed by the
limestone of the Cacuacdormation. Thisshalyclay then createda coarsersedimentationof

silt and sand,interspersedwith limestoneshellrocks(Brognon,1955and Verrier,1965).

The Cacuacdormation consistsof limestonewith algae,echinoidsand bivalve molluscsand
calcarenitegich in seashelremainsand foraminifera. The limestonerocksthat make up this
formation correspondto a platform faciesand then becomethe clayand marl formationsthat

arethe basisof the Luandaformation.

The limestone rocks of the Cacuacoformation are also more or less dolomitised and
additionallythere maybe layersor intercalateddolomites.Theinsolubleresidueof theserocks
is rich in calcarenitesand less frequently in limestone, especiallyfor those that are more

dolomitised.

TheQuifangonddiormation consistsof blackor mottled Azoicclays,alot of gypsumand black,
greenishblackand brown shalyclay with foraminifera. Thisformation is topped by clay and
silty marl that is rich in foraminifera, and is occasionallyinterspersedwith limestone and

lumachelidimestone(Brugnonand Verrier,1965).

In tectonic terms, there are hardly any failuresnear the Projectarea.In accordancewith the
GeologicalMap of Angola(scalel:1,000,000)publishedby Heitor de Carvalhoin 1980, the
exceptionsare near the road to Bom Jesuswhere two possiblefailuresfrom N §have been

pinpointed.

Theregion of Luandahasa very low seismicrisk (lessthan 0.2 m/s? of seismicacceleration)
(WHO,2010).In Figure27 one canseeclearlythat almostthe whole of Angolais classifiedin

the lowestzoneof seismicrisk.
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Figure27 Extractfrom the SeismidHazardDistribution Map of Africa (SourceWorld Health
Organization)

A survey carried out in http://earthquake.usgs.gov/earthquakes/searcHbr earthquakes

betweenlongitudes10° and 25° east, latitudes between 3° and 20° south, with magnitudes
equalto or greaterthan 3 for the period between01 01 2010and 08 81 2014,gavethe results

shownin Tablel7 with a cartographiaepresentationin Figure28.

Table16 Ltocationof epicentresin Angolaand neighbouringcountries

Magnitude Location Coordinates Depth Dateof
g (WGS84) P occurrence
50km SSBf Zambezi 13.926°3 21/04/2014
4.6 . 10.0km
(Zambia) 23.361°E
14.692°3
4.4 Zambi 10.0k 28/10/2010
ambia 23.288°E m 10/
66 KmSWof UacuCungo 11.794°3
4.2 15.1km 19/11/2013
(Kwanzesul,Angola) 14.691°E
D ticRepublioof th
4.2 CMOCTANOREPUDIOTING g 786°9 24.905°E  10.0km  26/12/2010
Congo
13.394°3
4.1 Z i 10.0k 29/02/2012
ambia 24.222°E 0.0km 9/02/20
18.375°S
4.0 Namibia 10.0km 11/04/2010
15.962°E
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Figure28 tocationof earthquakeswith magnitudesequalto or greaterthan 3 sinceJanuary2010

There is no mention in the literature of any outcrops classifiedas conservedgeological
heritage. However,in a recent initiative called “Sete MaravilhasNaturaisde Angola” [The
SevenNatural Wonders of Angola], three placesin the province of Luandawere finalists:

Mussulolsland,Miradouroda Lua,andthe QuicamalNationalPark.
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TheProjectareadoesnot interfere with no overlapin anyof theseplaces.

For a geologicalframework from a more local geographicperspective,33 locations were

visitedon the field trip between27 Augustand 1 September2014.Themain characteristicof

these sitesare summarisedn Table18. and their geographicalocationis shownin Figure29

andin Figure30.

Tablel7 tocationand brief characterisationof sitesvisited for the Geologydescriptor

Coordinates

Reference Description
(WGS84) P
SandySoil,alluvium,beige little consolidatedFigure
Geo01 13.5182qG 8.99474
€0 . 29andFigure3l).
SandySoil,alluvium,beigelittle consolidatednot
Geo02 13.49198 8.95734 . . .
. well calibrated(Figure29 and Figure31).
SandySoil,alluvium,brownish little consolidatednot
Geo03 13.43165 8.84631 . . .
3 well calibrated(Figure29 and Figure31).
SandySoil,alluvium,reddishlittle consolidated.
Geo04 13.43512 9.07918 Quelo(or Muceque)formation (Figure30 and Figure
31).
Geo05 13.391121 8.91037 SandySoil,alluvium,beige(Figure29andFigure31).
Geo06 13.60874 9.20300 g:ILI;Jviumfrom the Kwanzaiver (Figure30 and Figure
Alluviumfrom the Kwanzaiver. Subhorizontal
Geo07 13.63239 9.22397 e . .
9 stratification (Figure30 and Figure31).
Clayeylimestone,sometimesperforatedwith
Geo08 13.5626Q 9.17393 lithophagousmolluscspoutcroponright bankof the
Kwanzaiver (Figure30 and Figure31).
Clayeylimestone,sometimesperforatedwith
Geo09 13.5542Q 9.17558 lithophagousmolluscspoutcroponright bankof the
Kwanzaiver (Figure30 and Figure32).
Quarryworkingalongthe right bankof the Kwanza
Geol0 13.50598 9.17782 . :
. river (Figure30 and Figure32).
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Coordinates

Reference Description
(WGS84) P

Geoll 13.50037 9.14036 Cc.)nicareliefwit.h highsymmetry.UnknownGenesis
(Figure30 and Figure32).

Geol? 13.61515 9.11156 Abandorjeobandpit Preservatiorof BaobabgFigure
30andFigure3?2).

Geol3 1357946 9.17411 AIIuviumfrom.the Kwanzaiyer, with strongclay
component(Figure30 and Figure32).
Claylimestone,sometimesperforatedwith

Geol4 13.57879 9.17399 lithophagousmolluscspoutcroponright bankof the
Kwanzaiver (Figure30 and Figure32).

Geol5 13.5782Q0 9.17378 WhitishLimestonegcompact(Figure30 andFigure32).

Geol6 13.59391] 9.14629 Ve.rycompactha.trdIimestone,porousandwith fossils
(Figure30 andFigure32).
Sandstoneheterogeneoushgranulometric with

Geol7 13.59120 9.13870 carbonatedor conglomeratidevels(Figure30and
Figure33).

SandySoil,alluvium,brownish,little consolidatednot

Geol8 13.57580 9.07691 . . .

0 well calibrated(Figure30 and Figure33).
Levelwith strongclaycomponentunderlyingthe

Geold  13.58801 9.08244 VIt Srongeiaycompx ying
organicsoil (Figure30 and Figure33).

Geo020 13.55102 9.07904 SandySoil,alluvium,beige(Figure30andFigure33).
Geo21 1355545 9.10526 Sand§tonéormationinabandoneohuarry(FigureSO
and Figure33).

Geo22 13.5387 9.11151 Claypit. Partiallyactive(Figure 30 and Figure33).
Alluviumwith heterogeneougranulometricclasts,
mostly quartzbut alsocarbonatesA strongclay

Geo23 13.53545 9.13553 componentcausesabundant,deepcracksn
extractionSomesiliceousclastsreach10cmin length
(Figure30 andFigure33).

Quarriesin operationandverticalslopesof several

Geo24 13.50739 9.16908 meterswithout anyprotection (Figure30 andFigure
33).
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Reference SN Description
(WGS84) P

Abandonedsandpit Preservatiorof BaobabgFigure

Geo25 13.51149 9.16553
9 30andFigure34).

Depositof alluviumwith clastspredominantlyof
Geo26 13.53587 9.17920 quartz,veryheterogeneougranulometry,andmay
reach10cmin length(Figure 30 andFigure34).

Abandonedsandpit, now transformedinto a landfill
Geo27 13.55731 9.10371 sitefor variouswasteandliquid effluentsfrom
neighbouringndustries(Figure 30 and Figure34).

Sandpit activeat the time of the visit. Stratification
Geo28 13.57264 9.13399 NNE25°E.Influenceof nearbyfailures(?)(Figure30
andFigure34).

SandySoil,alluvium,brownishlittle consolidatednot

Geo29 13.55205 9.02443
3 well calibrated(Figure29 and Figure34).

Oldsandpit, now abandonedand usedasoverflowfor

Geo30 13.48448 8.99400
8 sludge(Figure29 and Figure34).

SandySoil,alluvium,reddishlittle consolidated.
Geo3l 13.41784 8.94215 Quelo(or Muceque)formation (Figure29 and Figure
34).

SandySoil,alluvium,reddishlittle consolidated.

Geo32 13.41815 8.96738 . .
3 Quelo(or Muceque)formation (Figure29).

SandySoil,beige,with plasticwasteincorporatedin it

Geo33 13.43027 8.88634 .
©o 1 (Figure29).
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Figure29 Geographicalocation of the placesvisited for the geologicalcharacterizationof the local
area(CacuacoCapalangaZango,Viana)[satellite imagefrom GoogleEarth)

Figure30 Geographicalocation of the placesvisited for the geologicalcharacterizationof the local
area(BomJesus]satellite imagefrom GoogleEarth)
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Figure31 Morphologicalandtextural aspectsof the outcropsvisited (part 1)
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Figure32 Morphologicalandtextural aspectsof the outcropsvisited (part 2)
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Figure33 Morphologicaland textural aspectsof the outcropsvisited (part 3)
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Figure34 Morphologicaland textural aspectsof the outcropsvisited (part 4)
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[11.2.3.Potential GeologicaResources

In Angolathere are known to be about 250 reservoirsand mineral deposits of economic
interest. Themostimportant thosefor oil, gas,diamonds,ron, manganesegold, copper,lead,
crystalline quartz, muscovite, anorthosite, marble, bitumen, fluorite, titanium, salt and

potassiumsalts.

The CretaceousPaleogeneand Neogeneformations which hold oil depositsare considered
productive. Thedistribution of the depositsis, for the most part, determinedby the existence
of saltdomesand terrigen carbonateblock and step structuresfrom the Cretaceousage.The
deposits are related with anticlinal structures that are often located over submeridional
tectonicaccidents.Thereare three definedoil fields: CabindaCongoand Kwanzalndustrialoil

reserveshavebeendetectedat depthsup to 3000meters.

TheKwanzadeposithas10 oil and gasfields (BenficaMulenvos,Benedict,QuenguelaGalinda
and Tobias, among others). The most productive layers are located in the organogenic
calcareoudformations of BingaTuenzaand Catumbela,and those of lessinterest are in the

EoceneQligoceneandlower Miocenemarls(Araujo& Guimaraes1992).

Thissamework, which is alreadyover 20 yearsold, alsostated that: "The exploitation of the
majority of these deposits is already over. However, if it were possible to use more

sophisticatednethodsof extractionthey couldstill be profitable”.

Accordingto the GeographicalAtlas of Angola for secondaryschools (2008), In Luanda
provincethere are still the following geologicatesourceghat havenot beenexploited:oil and
limestone. In this same document, only limestone appearsas a resourcethat is still being

extracted(in the North of Luanda).

Thescaleof the figure doesnot allow one to be certainof the exactdistanceof oil depositsin

relationto the areasof the Project.
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l11.2.4.Forecastsn the Absenceof the Project

In the absenceof the Project, surface geologicalresourceswill continue to be exploited
(extracted),at a rate that will dependon the speedof growth in the provinceof Luandaandin

adjoiningprovinces.

Growing environmentalawarenesstogether with the tourist potential of the Kwanzariver
basin,mayin the nearfuture leadto the classificatiorof someMioceneoutcrops(particularly

the limestoneoutcrops),alongthe right bankof the Kwanzaiver.

Thereis alsothe possibilityof resumingdeep geologicalprospectingwith view to extracting

hydrocarbonsRecently(in early2014),severalonshoreblockswere givenlicensesn Kwanza.

It is noteworthy that the Project,betweenthe Kwanzaiver catchmentandthe DCat Km44,is

includedin blockKON5meaningthat it is one of blocksthat hasrecentlybeenlicensed.

111.3.WATERRESOURCES

Legabackground

The Constitution of Angolastatesthat water is state property. The Law of Delimitation of
EconomicActivities(Law13/94, recentlyrevisedand publishedas Law5/02 of April 16, 2002)
statesin Article 13 that the abstraction,treatment and distribution of drinkingwater through
fixed networksandthe provisionof sanitationare areaslegislativelyreserved.Thismeansthat
companiesor other private entities can participatein these sectorsthrough the provisionof

fixed term contractssignedwith the State.

TheWater Actis establishedoy LawNo. 6/02 of June21th, which definesthe managemenbf
water resourcesandwater supply.Thereare specificprovisionsof the law that are determined

through secondaryegislation(regulations).

TheWater Act statesthe possibilityof grantinga right to usewater from a private entity and
the latter subsequentlyapply for a licenseor a concessiorfor water use. The most common
situation is the allocation of a licensefor a renewable period of 15 years, with a more

significantconcessiorin severalrespectsand givenfor a maximumperiod of 50 years.
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The Water Act also establishesthat the areasadjacentto the springs, licensed captures,
marginsof pondsare placedunder protection areasdefined in the LandLaw. On the other
hand,demandsthat all hydraulicworks are subjectto EnvironmentalmpactAssessmentEIA)
and prohibits any activity involvingdangerof pollution or degradationof the water and any
changedo the hydrologicalregimethat may endangerhealth, natural resourcesgnvironment
or securityand national sovereignty.Thelaw embodiesthe polluter paysprinciple expressly

establishinghe obligationto repairthe damageanddefinesthe systemof finesand sanctions.

With the aim of complementingthe Water Act, the National Water Directorate and the
Ministry of Energyand Water prepareda Water SectorDevelopmentProgram,which covers
the managementof water resourcesand water supply and sanitation to the population
approvedby Resolutiom.® 10/2004,of 11th June,of the Councilof Ministers.

More recently, the National Water Resourcesinstitute (INARH)was created through
PresidentialDecreen® 253/10 of 16th November,to whom were assignedhe following main
responsibilities:

planningand managemenbf Water Resources;

inventoryand monitoring of Water Resources.

I11.3.1SurfaceWater Resources

In national or regionalhydrographicaterms, the Projectareais borderedby the RiverKwanza
to the South (the longestriver to flow entirely within Angola)and by the BengoRiverto the
North (Figure35).

The KwanzaRiverrisesin Mumbué, in the municipality of Chitembo, Bié province, in the
CentralHighlandsof Angola,traversing960 km (navigablefor 258 km from the mouth to the
Dondo)to drain into the Atlantic Oceanin Barrado Kwanza,to the Southof Luanda.The

Kwanzacatchmentbasindrains152570km2,

Onthe Kwanzaiver damshavebeenbuilt at Cambambg9°45'09,02”S 14°28'53,01”"Epnd
Capanda(9°48'37,26"S/ 15°28'07,77"E,in the municipality of Cacuso,Malanje province),

whichproducemuchof the electricityconsumedn the capital.
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The Bengoriver risesnear Mota, a municipality of SambaCaja,in the province of Kwanza
Norte, flowing about 290 km until drainsinto the Atlantic Oceanin Barrado Bengo,North of

LuandaTheBengocatchmentbasindrains11026km2.

Onthe Bengoriver there is a major water infrastructure:the Quiminhadam (8°57'52,43"Y
13°47'24,79”E) Thisriver provideswater to the city of Luanda(after treatment in Kifangondo
and Chandelier plants), still feeding the Luanda refinery, the company Angomenha

(distribution of raw water),and manyother users.

Amongthese catchmentbasinsof nationalimportance,there are approximatelytwelve small
catchmentbasinsdrainingdirectly into the Atlantic Oceanwith drainedareasof lessthan 460

km2and maximumriver lengthequalto 55 km.

Figure35 Geographicaframework of catchmentbasinsintersectedby the Project
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The systemof water supplyto the city of Luandacurrently includesthe S1and S2systems
(from the Bengoriver) and the S3system(with origin in the waters of the Kwanzariver). The
first two supply the North and Central part of the city, and the last, the Southernand
Southeasterrpart. (PIEULs/d).

Thewatersof the Bengoriver are treated in the Water TreatmentPlants(WTP)of Candelabro
and Kifangondo,with a combined production capacityof 3,00 m3/s and, the waters of the
Kwanzariver are treated in the WTPsof SoutheastLuanda,South Luanda,Kikuxiand Viana,

with a combinedproductionrate of 2,81m3/s.(PIEULs/d).

Regardingongoing projects, we can highlight the fact that in 2008, EPALEP (Public Water
Companyof Luanda)has begunimplementingvarious projectsto reinforce water supplyin
Luanda.Theseprojectsconsistof the extensionof reservesystemsdistribution networksand

standpipesnetworks.(PIEULs/d).

Besideghe projectsof expansionof reservesand pipeline systemsyariousprojectsare being
implemented for the expansion/replacemenbf distribution networks in developedurban
areasof the city and standpipenetworksin peri urban areasof Luanda(e.g. Talatona,Zango,
etc.) (PIEULs/d).

Accordingto the EPALEP'snewspaper‘Adutor”, in the first five months of 2012,the rate of
pumpingof the three joint systemavas322829m3/day.

Also accordingto the same newspaper,in its May 2013 edition, one can read: "Given the
urban expansionof the villagesof Viana,Cacuaccand Camamaand the emergenceof new
residentialtownships(Kilambda<iaxi,Zango,Sequele Km44,Capari) the New Airport and the
Industrial Estate of Viana,it will become necessaryto implement new water systemsfor
Luanda(Systems! and 5), Bita and KilongaGranderespectively eachwith a nominal capacity

of 15m3/sandto be built in phases”.
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Figure36 RegionaHydrographicStructure

For a more local water analysisfifty five (55) locationswere visited during the field survey
conductedbetween 27 Augustand 1 September2014,. Theseare shown cartographicallyin
Figure37.

As regards the purely quantitative aspectsof water resources,we would highlight the

followingsituations:

Absenceof flowing or stagnantwater in 26 of the 55 sitesvisited(representedn beige
in Figure37);
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In BomJesughere are a growingnumber of water abstractionsirom the Kwanzaiver
(Figure38), with specialemphasison the industrial supply. Someexamplesof large
users are: the cement works China Fund Limited (CIF); Agroteader farm; Cuca
brewery;CocaColafactory;bottled watersfactories "Perla“"and"BomJesus'etc.;

In Bom Jesuscan still be observedseveralabstractionsfor the supply of water for
humanconsumption(three "giraffes" of raw water anda "giraffe" of treated water);

With the exceptionof the Kwanzaand Bengorivers, the remainingrivers have very
modestdimensions,and the flow of these streamsis very temporary and dependent
on the occurrenceof precipitation;

Theaccumulationof surfacewater in the areasurroundingthe Project(without direct
connectionto the Kwanzariver or the Bengoriver), is modestin sizecomparedto the

lakes of the region (e.g. Quilunda Lagoon,Lake Latama, etc.). The lakes of Zango
("RHid53"and various accumulationsof water in abandonedquarries or types of

activity (“RHid28","Rhid34"e “RHid47")fall into this category.

With regardto the usesgivento water the KwanzaRiver,water for human consumption(in

somecaseswithout any treatment), the provisionof water for animals,washing fishing,etc.,

predominate.

We would like to point out that the current situation report, i.e., the field survey, was

conductedin the "low water" seasonin the "highwater" seasorand,accordingo information

from the local population, the water level of the Kwanzariver risesto over three feet higher

thanthe currentlevel(late August2014).
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Figure37 Bitesvisited during the field survey(27/08/2014a01/09/2014)
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Figure38 Waterintakesin the Kwanzariver in the region of BomJesus
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[11.3.2.GroundwaterResourcegHydrogeology)

In hydrogeologicakterms, the project area is basedon the sorcalled Quelot.uandaaquifer
system. This aquifer, of detrital character,is developedfor a length of 1900 km?, standing
betweenthe parallel8° 45’ Se 9° 21’ Sand betweenthe meridians13° 02’ Eand 13° 37’ E
(LuisMiguelet. al., 2003).

According to these same authors, the Quelotuanda aquifer system is developed in

stratigraphicallydetrital materialsagedin the lower Plioceneand Holocene.

The permeability is in the range of valuesfrom 1 to 3 m/day, in contrastto the reduced

permeabilityof the formation underlyingmioceneQuifangondo.

In hydraulicterms, LuisMiguel et. al. (2003)recommendthat the overall systemcan function
asa "multi fayer" systemin which, due to vertical and horizontal variationsnumerousfacies,

the heterogeneityplaysanimportantrole.

Asa conceptualmodel of the aquifer system the sameauthorspresentthe outline diagramin
Figure39, highlightingthe geometricirregularity of the systemas a result of tectonic activity
(important normal fault with significant vertical tailings, by East). The thicknessesof the
system, ranging from valuesbelow 100 m for Quelo, Luandaand Cacuacadformations (all

aroundLuandajndover500m in the southernsectorof the region.

Theregionalgroundwatersystemlevelis generallyat depthsbetween 60 and 100 m, despite
at the local level can be identified some suspendedaquifer levels(related to the lithological

heterogeneityof LuandaFormation,includingmore clayeylevels).
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Figure39 Conceptuaimodel (preliminary)of Quelot uandaaquifer system[adapted from LuisMiguel
et. al. (2003)]

Theundergroundwater flow takesplacepredominantlyat the EW direction, generallyat very
low speedsin the system,as a result of the insufficient hydraulic gradient and moderate
permeability.With an effective porosity of 20%,a permeabilitybetween 0,14e 5,3m/day and
a maximumhydraulicgradientbetween4.5x 10 8 anda min. of 1 x 10 B8, the maximumspeed

in the systemis 0,12m/day and minimumoutput levelsin the order of 1 mm/day.

Thisrangeof speedsn undergroundmovement,allow for alongerresidencetime in the same
aquifer system,providingsignificantoverallvaluesof electricalconductivityevenif the system

isfundamentallymadeup of detrital type materials.

In terms of hydraulicrelations groundwater/superfitialwaters, mainly it is assumedthat the
river Kwanzareceivea small part of undergrounddisposalsystem,and occasionallyevenin
extreme flood situations, the hydraulic conditions can be reversed(with the water inlet of

Kwanzaiver in the aquifersystem).
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The hydrogeochemicakharacterizationof the aquifer systemindicates an operation that
conformsbroadlyto that proposedby Chebotarevior largesedimentarybasinsscheme Thisis
characterizedoy a progressivdield with higherion solubility product particularlyin the areas
of the chlorideion discharge gvenwhen they are simultaneouslypresentin the regionother

factorsmayalsoplayarole in this phenomenon(LuisMiguelet. al., 2003).

Accordingto these same authors, the valuesof electrical conductivity of the groundwater
measuredn severalwellslocatedat distanceggreaterthan 7 km from the coastline,are of the
orderof 1200 S/cm.

On a more local perspectiveinterpretation we can highlight the fact that we have a single
point of inventoriedgroundwater(hole)in the surroundingareaof the Project.It is a vertical
hole, built with the intention of capturing water for bottling. However, according to
information from locals, salt water came up, havingthe hole been abandonedand littered
(Figure40). Thisoccurredapproximately6 years,5 km to the NEof Bom Jesus(9,141°S/
13,600°E).

Figure40 Inventoriedhole (abandonedand crammed)
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[11.3.3.Water Quality

Theregulationon water quality (which containsthe national standardsof water quality) was
publishedin the Official Gazette,in the form of PresidentiaDecree261/11 of 6 October2011.
Thislaw establisheghe standardsand criteriafor water quality, in order to protect the aquatic
environmentand improve water quality, in terms of its main uses.The provisionsof this law
applyto inlandwaters,whether surfaceor underground the watersfor aquaculture Jlivestock,
agriculturalirrigation and spas.Furthermore,this law regulatesthe standardsfor monitoring
wastewater dischargeinto nationalwater bodiesand the soilin order to preservethe quality

of the aquaticenvironmentandthe protection of publichealth.

For the quality parameterslaid down by that law the following were defined: maximum
acceptablevalues (MAV), which indicate the valuesof quality that should not exceedthe
standard;recommendednaximumvalues(RMV) whichindicatethe standardvaluesof quality
that must be met or not exceededand emissionlimit values(ELV)ndicatingthat the value of

the concentrationof substanceshat cannotbe exceededn dischargesnto water andsoil.

Standardof water quality for humanconsumptionare laid down in Annexl andthe minimum
quality standardsfor surfacewaters are in AnnexIX. The dischargeof wastewaterinto the
receiving aquatic environment is regulated generally in Annex VI of PresidentialDecree

261/11.

The quality targets for effluent treated and releasedinto the environment include the

concentrationdistedin Tablel9.
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Table18 Quality targetsfor effluent after primary treatment

Characteristicof the Output characteristicof the
Parameter effluent at intake into the  effluent from the system(after
system primary treatment)
Totalsuspendedsolids(TSS) 300mg/L 200mg/L
CBQ 300mg/L 100mg/L
pH 6 B 7-9
Coliforms 10°— 10 UFC/100mL OMPN
Fecalcoliforms 106 — 10° UFC/100mL 0MPN
Totalnitrogen 50 mg/L 50 mg/L
Totalphosphorus 15mg/L 15mg/L

CB@-Biochemicalack(or demand)of oxygen;UFG- Colonyforming units; MPN—
(MaximumProbableNumber)

Althoughthe water quality, in the more denselyoccupiedparts of Luandahasbeena critical
issueand a problem for severalyears,a direct result of the suddenincreaseof populationin
the capital,in the vicinity of most of the project area(the nearestto the placeof abstraction
and WTP) this issueis not so critical. Onereasonfor this hasto do with a substantiallylower

populationdensity.

Thesanitationof the villagesin Bom Jesugegion, when existing,consistsof individual septic
tanks (of the kind representedin Figure41) that collectwastewaterfrom individualhomesor

groupsof homes.

Figure4l individualseptictank underconstruction
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In Luanda, the water quality is monitored by the water analysis laboratory EPALEP.

Consultationof the EPALEP site # (http://epal.webuild.pt/pt) however failed to show any

analyticalresultsof suchmonitoring.

Theonly referenceto valuesfound in the literature reviewedrelatesto a paperpresentedat a
workshop(World Bank,1996)where we canread:"Mean valuesof turbidity arearound4 NTU,
with the maximum values occurring during the rainy season(August December)never
exceedingl00 NTU. Oxidizability valuesrange between 2 — 3 mg/L KMnQ with maximum
valuesof 7 mg/ L,indicatinga reducedrelative presenceof organicmatter in the river water.

Colourvaluescorrelatesignificantlywith variationsin the turbidity and oxidizability".

Giventhe scarcityof analyticalresultsavailableto the public, we placedaddedemphasison
characterizingvater quality in the Projectarea(especiallyalongthe river Kwanzatself) andits
immediate surroundings, with measurementsin situ (28/08/2014 to 01/09/2014) and
collection of water samplesfor laboratory analysis.The location of the samplingpoints is
depictedin Figure42. A distanceof approximatelyl8 km was coveredby boat, from the
sampling point furthest upstream (“RHid10") to the sampling point furthest downstream
(“RHid12").

Measurements were taken in situ (water temperature, pH, redox potential, electrical
conductivity,dissolvedoxygenand turbidity) in ten local surfacewaters(predominantlyon the

Kwanzaiver). Table20 showthe results.

Duringthe field work no groundwaterextraction, production and/or possiblywater sampling

wasidentified.

4 Consultatiorcarriedout on 12 September2014.
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Sampling

Tablel9 Resultsof in situ measurementsof water quality parameters

Water

Electrical

refer_ence temperature pH Eh(mV) conductivity (m?;/L) 22&5? Tl;;?\:ﬂ;y
point (°C) (Bs/cm)
RHid06 24,7 7,66 24,0 41,4 8,13 97,5 r
RHid07 24,6 7,67 24,9 41,6 7,76 92,9 9,35
RHid08 24,7 7,80 B82,1 41,6 8,05 97,3 9,05
Rhid10 25,0 8,11 48,9 41,5 8,18 99,0 9,82
Rhid11 25,1 8,22 64,7 41,5 8,13 98,6 6,92
Rhid12 24,7 7,93 89,0 41,5 8,08 97,5 6,20
Rhid48 24,1 7,46 a3,1 41,9 7,30 86,2 8,63
Rhid53 27,2 7,77 30,3 r 124,8 7,64 97,8 32,6
Rhid31 23,5 7,25 1,6 r107,3 4,92 58,0 21,5
Rhid47 22,9 8,09 47,5 r 272,0 1,88 22,1 30,3

Themeasurementsnadein the bed of the river Kwanzaare shaded.

Figure42 f(Geographidocationsof water quality monitoring
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In the results presentedin Table20, it is possibleto highlight the high homogeneityof the
valuesmeasuredat different locationsalongthe river Kwanza(24,1<T < 25,0°C;7,5<pH<

8,1; 35<Eh< 13;41,4<CE<41,9 PB5/cm;7,3<0,<8,2mg/L;6,2<turbidity <9,8 FNU).

Thesevalues,particularlywith regardto the parameterof electricalconductivity,are perfectly
comparablewith valuesobtained in March 2013, in the sameriver Kwanzaalthough some
kilometres downstream.In this field survey,the electrical conductivity of the waters of the
Kwanzaiver wasfoundto be between37 and48 F5/cm.Thewatertemperaturewasbetween
27.9and29,0°C (slightlyhigherthan that measuredthis time) and showedslightlymore acidic

pHvalues,.e.,between6,6and7,0.

The electrical conductivity and dissolvedoxygenconcentrationof the sample"Rhid47" (less
than 1km awayfrom the CIFcementworks) strongly suggestthat theserelate to an effluent

from this factory.

A more complete characterizationof the Kwanzariver water samples(sample "Rhid48"),

subjectto laboratoryanalysisjs basedon the resultspresentedin Table21.

Theresultsof in situ measurementsn sevendifferent locationsalongthe Kwanzaiver provide
the assuranceneededto considerthe samplesentfor laboratoryanalysisasrepresentativeof

water quality in the Kwanzaiver, at the date of collection.

Table20 Analyticalresultsof laboratory analysisof a water sampleof river Kwanza

Parameter RHid48 VMR VMA
pH 7,7(23,7°C) 6,5 8,5
Electricakconductivity( F5/cm) 50 1000
Colour(mg/L,escalaPtCo) <10(LQ) 10 20
Odour(Dilutionfactor at 25°C) 1 3
Arsenic(mg/LAS) <0,002(LQ) 0,01 0,05
Cadmium(mg/LCd) <0,0002(LQ) 0,001 0,005
Chloride(mg/LCl) 40 200
Sulphate(mg/LSQ?") 11 150 200
Totalnitrogen(mg/LN tot) <1,0(LQ)
Calcium(mg/LCa) 4
Aluminium(mg/LAl) 0,2
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Parameter RHid48 VMR VMA
TotalHardnesgmgCaCQlL) 18
CQQAmgOa/L) 8
ChromiumVI(mg/LC#") 0,02 0,05
Totalalkalinity(mgCaC@/L) 20
Nitrates(mg/LNG;) 1 25 50
Nitrites (Mg/LNG, ) <2
BicarbonategmgCaC@/L) 20
Phosphatgmg/L P,Os) <0,02(LQ) 0,4
Dissolvedron (mg/LFe) 0,1 0,1 0,3
Manganesédmg/LMn) 0,05 0,05
Lead (mg/LPb) <0,005(LQ) 0,05
Cyanidegmg/LCN) 0,03 0,05
Magnesium(mgMg/L) 3
Nickel(mg/LNi) <0,006(LQ)
Potassium(mg/LK) 1,6
E.coliandtotal coliforms(u.f.c/100 mL) >300 50
Fecalstreptococci(u.f.c/100 mL) >300 20
FecalColiform(u.f.c/100 mL) >300 20
No. of Coloniesat22 & (u.f.c/mL) 77 100
No. of Coloniesat 37 & (u.f.c/mL) 118 10

LQ- Limit of quantification. Thelimit valuesare givenin accordancewith PresidentiaDecreen® 261/11 Annexl
(ClasAAl).VMR MaximumRecommende&alue/VMA mMMaximumAdmissiblevalue.

Readinghe table, we highlightthe following conclusions:

Thewater of the river Kwanzas a very low mineralwater with pH near neutrality.
Thislittle mineralization givesreducedbufferingto water, makingit vulnerableto
physicaland chemicalphenomenaof contamination;

rin physicochemicaterms the water does not presentany significantproblems.
Onlymanganesendiron parametersequateto the quality standardvVMRIlevelfor
drinkingwater;

r Microbiological results show non compliance with the criteria for potability
(normative values of EPALEP, WHO, EU, etc.). Some of the causesof nonr
complianceare presentedin subchapterPollutingSources.
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Figure43 Bomeaspectscapturedduring measurementsof water quality parameters

111.3.4.Sourcesf Pollution

Justas in much of the country, the region of Luandahas for some yearsnow undergone
intense constructionactivity (residential,industrial and varioustypes of, infrastructure).With
rare exceptions,this dynamic has not yet been accompaniedby growing environmental

concernsparticularlywith regardto the preservationof water quality.

In the Project area and its surroundingsthere are some infrastructure and/or economic
activities potentially polluting to the water environment, whether surface or underground

(Figured4).
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Noteworthyarethe following:

Theuncontrolledopenrir depositof varioustypesof waste (sitesreferencedas FP01,

FPO2FPO3FP12FP13 FP14)Figure45, Figured6 e Figure4?);

Extractive activity (namely sandy materials) with little or no concern for the

environment(sitesreferencedasFP04 FP08and FPO9)Figure45 and Figure46);

Intensiveagricultureand irrigation, in which typically are usedlarge amountsof and
chemicallysynthesisedfertilizers and phytochemicals(sites referencedas FP05and

FP11)causinghe eutrophicationof water (Figure45 and Figure46);

Washingof persons,clothing and crockery,with the use of detergentsand/or soaps,
directly in the Kwanzariver or its most significanttributaries (site referencedas FP07,
although these activities were observedat various locations on the banks of the

Kwanzaiver) (Figure45);
Dischargef industrialliquid effluents(site referencedas FP13)Figure46);

Dischargeof fine grained aggregategsilts and clays)in an abandonedsand pit (site
referencedasFP14)Figure47);

Saleof fuel, lubricants,additivesand oils, on the roadside without any containmentof

spills;

Settlementgwithout, or with poorly constructedseptictanks).
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Figure44 tocationof somepotential and actual sourcesof water pollution

In some placescan be observedstagnantwater, eutrophic, at times with pronouncedodour

andcolour(sitesreferencedasFP10and FP15)
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Figure4d5 Exampleof potential and actual sourcesof water pollution (Part1)
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Figured6 Examplesf potential and actual sourcesof water pollution (Part2)
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Figured7 Exampleof potential and actual sourcesof water pollution (Part3)

I11.3.5.Forecastin Absenceof the Project

With regard to the quantitative aspectsof surfacewater resources,in the absenceof the
Projectit canbe expectedthat demandfor water from both the Kwanzariver and the Bengo

river will continueto grow.

The demographicevolution of the region remains on the increase,which in itself implies

increasedwvater requirements Additionally,it shouldbe consideredat leastfor certainsectors
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of the population, that per capita consumptionwill grow due to new habits and significant

improvementsin healthterms.
Theindustryandintensiveagriculturealsocontributeto this increasedequirement(demand).

Groundwater resourceswill continue to play a small role as source of water both to
populationsand for industrial and/or agriculturalpurposes,sincetheir quality is low (mostly
brackishor saltwater). Evenso, the natural rechargeof the underlyingaquifer formationswill
becomedecreaseddueto the continuedincreaseof impermeable area(particularlyfrom new

constructionandimpermeablesurfacing).

In terms of water quality, its evolution will at least be the result of a combination of the

followingfactors:

Increasein population,with consequentincreasein effluent and waste producedthus causing

degradationof water quality;

Less water available and more difficult to access,hence causing more concentrated

wastewaterat its source;

Increasen the numberof WastewaterTreatmentPlants(WWTPyaswell asimprovementsin

their efficiency,givingriseto a more purified effluent hencelesspollutant of waters.

[11.4. SOUNDENVIRONMENT
I11.4.1. Measurementsof baselinesituation

Noiseis a very sensitivecomponentof the environment,potentially causinga negativeeffect
on the quality of people'severydaylives,and canprove a decisivefactor in drivingout animal

speciegresentnearby.

Froma human point of view, exposureto noise may causeadverseeffects on health, in the
behaviourof individualsand in the activities of mankind as well as psychologicabnd social
effects.We will then considerthat the noiseis a causeof annoyancean obstacleto soundand
verbal communications,which can cause general fatigue, and in extreme cases,auditory

traumaandextra auditory physiologicathanges.
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Safeguardshouldbe introducedagainsttheseaspectsby way of preventionin the face of the
economiccoststhat may arise from their correction. Theprimary objective of environmental
noise control is to protect the populationfrom intrusive noisesthat causedisruptionin their
daily activities and prevent the increasingambient noise that will be translatedlater into a

diminishedquality of life.

Forthe characterizatiorof the actual soundenvironmentin areasof influenceof the project
under study, measurement®of discretenoiseof short durationwere madeat variouslocations
in the vicinity of the future project, with a viewto assessingoiselevelsthat currentlyoccurat

eachsite.

Giventhe scope of the project points were selected based on the future installation of
pumpingsystemsand/or other noisyequipment(Abstraction, WTPand DC),with somepoints
of characterizationbeing selectedalong the pipeline network. The measurementpoints are

markedin Figure48.

Points R12,R13and R14 are intended to characterizethe noise levels near some existing
clusters near the abstraction point, next to existing noise sourcesin the area, including
breweries,packagingof existingwater and cola, thus seekingto determine the most critical

areasfor noiselevel.

PointR5aimsto characterizethe noiselevelfrom a clusterhousinglocatedalongthe pipeline
to beinstalledwith the road BomJesusThisclusteris closestto the CIFcementworksin Bom
Jesusalsobeing exposedto noisefrom the Bom Jesugoad, which has heavytraffic. It thus
representsan areaof highnoiselevels,andis alsolocatedin the regionsurroundingthe future
of BomJesusNTPandDC.

PointR1aimsto characterizepreciselythe noiselevelsin the BomJesusNVTPand DCareato

determinethe noiselevelpresent,takingthis asthe standardfor the surroundingarea.

Point R6 is locatedin the existingcluster surroundingthe intersectionbetweenthe roadsof
Bom Jesuswith the Viana/Cateteroad, in the area of the pipeline installation, seekingto
representthe characteristicnoiselevel of this cluster,exposedto the associatedhoisetraffic

from both routes.
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PointR7characterizeghe soundenvironmentin the clusterssurroundingthe new Airport DC
and the intermediate pumping station, being situated near the Viana Road and the

Luanda/MalangdRailwayline.

Point R8is located at the DC construction site at Km 30,beingin proximity to residential

clusters(North, Eastand South),andanindustrialareato the west.

Point R9is located at the constructionsite of the DCfor Cacuacoa non urban (forest) area,

with the existenceof anindustrialareawith housingclustersat north andwest.

PointR10aimsto characterizehe soundenvironmentat the site of constructionof the Zango
V DC.It is a non urbanized(forest) area, existingnear severalresidentialneighbourhoodsstill

under constructionor uninhabited.

Point R11is located in the area of the future KapalangaDC, being an urban area, with

dwellingsthroughoutthe vicinity.
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Figure48 Pointsof noisecharacterization
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The measurementswere performed with use of a Class2 sound level meter (SLM), model
Casella€CEL320.

Measurementsyere takenby sampling,with sufficienttime for stabilizationof the signal,and
the data was acquiredwith fasttime responseand A meshfilter weighting. The equipment
was properly calibratedbefore the measurementsthe calibrationbeingconfirmedat the end

of the survey,andno deviationwasfoundin the calibrationpositions.

Thus,the noisemeasurementsor the characterizatiorof the Baselinesituationwere takenon

26,27 and 28 August2014,duringthe daytime,andwith favourableweatherconditions.

In the absenceof a nationalreferencestandardwith respectto acousticindicators,European
benchmarksfor sound evaluation were applied, with special emphasison the document

IMA32TR0405106P08 Determinationof Ldenand Lnightusingmeasurements.

Thus,we applied a division of the day into three periods, namelythe Daytime period from
07:00to 19:00,Eveningperiod, from 19:00to 23:00and Night Time,from 23:00to 07:00,with
the production of two evaluation indicators, including a night indicator (Lnight) and an

aggregatandicatorDayeveningnight (Lden).

Wetook asa basisfor an estimateof the noiselevelfor the eveningand nighttime periodsthe
Lden formula set out in European reference document "IMA32TR0405106P08

Determinationof Ldenand Lnightusingmeasurements”thus applyinga reductionof 5 dB(A)
to obtain the noise level of the eveningperiod and a reduction of 10 dB(A)to obtain the

nighttime soundlevel.

Theevaluationof theseresults,in the absenceof nationalbenchmarkstake into accountthe
valuesgivenin the IFCiWorld Bank"Environmental Health,and Safety(EHSYuidelines Noise
Management",asindicatedin the following table, consideringan adaptationthereof, namely

by applyingthe Ldenindicatorto the limits definedfor the Daytimeperiod.
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Table21 - Limit valuesin Tablel.7.1of EHSGuidelinesof IFC

LAeqgValues
Daytime Nighttime
ReceptorType (Consideredo evaluate (Consideredo evaluate
Lden) Lnight)
Residential,
SensitivgS) institutional, 55 45
educational
Nonsensitive Industrial,
(NS) commercial 70 70

Theevaluationpoints consideredthe valuesand respectiveevaluationare alsoshownin the

followingtables

Table22 Characterizatiorof measurementsites

. Characteristic®f the Siteand SourcesSurround Receiver
Location Background . Type
Surroundings Sound .
Considered
Uninhabitedwoodedarea.Existence| Localroad
R1 Siteof BomJesusNTP of anareafor the storageof NS
andDC materialsin the vicinity. Main
housingclustersat about1000m
Pointnearthe housingcluster. BomJesusfRoad
. Residentiandforestenvironment. | (primarysource)
Pipeline BomJesus
R5 andClFcement S
Road
factoryat about
1000m
Pipeline dunctionBom Existinghousingclusterin the RoadgBomJesus
R6 JesuRoadwith surroundingf both roads. roadand S
Viana/Cateteoad Viana/Cateteroad
Siteof the NewAirport Surroundingesidentialareawith Luanda/Malange
R7 DCandintermediate scatteredwoodlands. Railwayline and S
pumpingstation Vianaroad
Surroundingesidentialarea,with
R8 Km30 DCsite the presenceof anindustrialarea Localroad S
nearWest.
Nonurbanareas(forest),with the
R9 Siteof Cacuac®C . presenpeof gn Localroads NS
Industrialandresidentialareato the
West(500m)

Nonuorbanizedarea(forest)with
R10 Siteof Zangov DC . emstenceqf residential . Localroads NS
neighbourhoodsn the surrounding
buildings(600m)

Urbanarea,with homesin the

R11 Siteof Kapalang®C . Localroads S
surroundings
Pipeline PRroximitywith | UrbancentrenearCocacolafactory Surrounding
R12 Abstraction Cocacola industriesandlocal S
Factory roads
R13 Pipeline/Abstraction r Pointlocatednearthe brewery, Surrounding NS
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. Characteristicof the Siteand SourcesSurround Receiver
Location Background . Type
Surroundings Sound .
Considered
Brewery without receiversin surroundings | industriesandlocal
roads
- Housingclustersurroundingthe of Surrounding
R14 Pipeline-BomJesus BomJesusoad, nearthe town of industriesandlocal S
Road
BomJesus roads
Table23—-Baselinedata
. Lnignt [ Receivettype APPlicablelimit St
Site Day Hour dB(A dB(A considered againstthe
(dB(A)  (dB(A) Lign | Lien  definedlimits
R1 26/08/2014 15:20 33 43 NS 70 70 meets
R5 26/08/2014 16:21 71 81 S 45 55 doesnot meet
R6 27/08/2014 09:08 64 74 S 45 55 doesnot meet
R7 27/08/2014 12:18 36 46 S 45 55 meets
R8 27/08/2014 | 13:25 48 58 S 45 55 doesnot meet
R9 27/08/2014 14:20 45 55 NS 70 70 meets
R10 27/08/2014 15:22 57 67 NS 70 70 meets
R11 27/08/2014 16:15 49 59 S 45 55 doesnot meet
R12 | 28/08/2014 | 09:28 50 60 S 45 55 doesnot meet
R13 | 28/08/2014 | 09:46 57 67 NS 70 70 meets
R14 28/08/2014 13:21 55 65 S 45 55 doesnot meet

Byanalyzinghe figuresobtainedwe confirmthat there were significantlyhighervaluesin the
vicinity of points R5,R6,R10,R13and R14,leadingto a situation of non compliancewith the
limits consideredn pointsR5,R6andR14.

Despitethese high figures, there is compliancewith the limits consideredin points R10and
R13,but only becausethere is no presenceof dwellingson site, consideringit is just not a

sensitivesituation.

Thesesites suffer strong influence from the noise on local roads, subjectto heavy traffic,
circulatingbetween Luandaand existingindustrialareasalongthe BomJesugoad, andin the

caseof point R14 thereis alsothe influenceof emissiongelatedto surroundingplants.

In the caseof points R8,R11and R12moderate soundvalueswere verified, characteristicof
mixed usezonesincludingresidentialand commercialuse. Thus,althoughthey fall outsidethe

referencedlimits, it is consideredthat thesesituationsrepresenta minor disturbance.
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PointsR1,R7and R9appearto be sitesof reducednoisedisturbance giventheir remoteness

from roadsandother relevantsources.

[11.4.2.ReceptorSpotsSurveyand SourceBroadcasters

Duringthe field work, we evaluatedthe main soundsourcescurrently existingin the area of
influenceof the project, aswell asthoseplannedfor the future, highlightingthe existingroads,

majorindustrialunits, the future internationalairport andthe railwayline Luanda/Malange.

Havealsoidentified the main spotsof existinghousingclustersin the surroundingareaof the
project, which emerge as the main recipients of the areas associatedwith the Quilonga

project.

Themainsoundsourcesandreceptorsspots,existingin the surroundingof the projectarewell

presentedin the followingfigure:
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Figure49 tdentification of KeySoundSourcesand ReceptionSpots
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Indeed, as already identified above, there are currently highly relevant sound sources
surroundingthe project, with particularattention to the road of BomJesusaandthe Vianaroad,

whichare associatedvith highnoiselevels.

It alsoappearsthat in the surroundingroad of BomJesusare recordedseveralindustrialunits,
including various industries and shipyards,and are provided for severalareasof industrial
expansion,creatingan areawith high potential for noise disturbance.However,also note a

minor presenceof clustersin the area,reducingexposureto this disturbance.

In areascloserto Luandasincethere is a progressiveincreasein urban density, with smaller
industrialareas.Herethe main noisesourcesare relatedto road bypasswith higherincidence

of motor vehiclesand motorcyclesand associateccommercialuses.

l11.4.3.Forecasin the Absenceof the Project

Fromthe strictly acousticpoint of view, the evolutionof the currentsituationin the absenceof
the project is naturally a situation of lower soundlevelsthan if it were to be implemented,

thusrepresentingower impact.

One cannot however considerthat the future situation in the absenceof the project would

entail a continuationof existingacousticvalues.

Indeed,the entire regionfor the deploymentof this projectis undergoingmarkedchange with
the developmentof the specialeconomiczone(SEZdf Viana,leadingto the growth of amore
developedindustrial framework and the associatedincreasedtraffic of vehicles. Also, the
development of the new international airport of Luandawill drastically changethe local

acousticconditions,enhancinga very significantincreasen noiselevelsin the surroundings.

Theurbanrenewalthat is occurringin severalplacesis also of relevance,asfor examplethe
areaof Zango,with a changein the type of existingdwellings,leadingto changesin housing

density,the typologyof receiversand alsothe soundpropagationon site.

Changesre alsoexpectedin the conditionsof existingsourcesof noiseemission,particularly
linked to the progressivereplacementof vehicles,leadingto a higher percentageof vehicles
with lower emissionsput alsoany changesn the conditionsof localroads,with the adoption

of surfacesawith lower emissions.
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In addition, technologicaland legislativedevelopmentsmay in the future foster the adoption
of technologieswith lower emissiongrom existingindustries,situationsthat would leadto a

reductionin noiseemissiondrom sourcesalreadypresent.

Thusit canbe foreseenthat in the absenceof the projectthere maybe a possiblyconsiderable
increasein noiselevelsin the region,but subjectto significantuncertaintiesdue to the strong

economicdynamicsof the implementationareafor this project.

It should be noted that the high noise levelsalreadyexistingin some areas,augmentedby
future sourcesto be introduced (new industries,the international airport), may lead to the
existenceof noiselevelscapableof maskingthe emissionsassociatedvith the operationof the

QuilongaGrandesystem thus neutralisingits acoustiadmpact.

[11.5.WASTE

The production of solid waste is intrinsically linked to any human activity, regardlessof its
magnitude,sizeor type.
Consideringthe impossibility of eliminating waste, organizations must face the Waste
Managementasa tool to control their productionand improvetheir managementn order to
maximizeits valueover other operations,suchasthe disposalandfill.
Fora legalframeworkfor suchmanagemenshouldoperateare listed someof the keytextsin
force,whichapplyto the projectunderstudy,in termsof wastemanagement:
x PresidentialDecree 196/2012, of 30 August approvingthe StrategicPlan for the
Managementof UrbanWaste(PESGRU);
x ExecutiveDecree234/2013,0f 18th Julylayingdown guidelinesfor the Preparationof
ProvinciaPlansUrbanWasteManagement;
x ExecutiveDecreel7/2013,0f 22th Januarywhich approvesthe legalregimeof Waste
ManagementConstruction& Demolition;
x PresidentialDecree 190/12, 24 August, which approvesthe Regulationon Waste
Managemeni{RGR);
Thelatter statute establisheggeneralrulesfor the production and final destinationof waste
and appliesto all (public or private) natural or legal personscarryingout activities likely to
produce waste or who are involved in its management.Therefore, are presentedin the

followingtable somedefinitionsand conceptsthat will be usedin this descriptor.
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Table24 — Definitionsand conceptsof the D.P.190/12, of 24th of August

Waste Classification(art.’3 e 4°)

HazardoudVaste Thosewastesthat containany of the characteristicglescribedin Annexlll of the RGRje
containingone or more risk characteristicdo be flammable,explosive corrosive,toxic,
infectious or radioactive,or which present any feature which constitutes a dangerto
healthhumanandother livingbeingsand of the environmentquality

Non hazardous Wastesthat do not exhibitthe characteristicglescribedn Annexlil of RGR

waste

Industrialwaste =~ Wastegeneratedin industrial,commercialand serviceactivities,aswell asresultingfrom
the activitiesof productionanddistribution of electricity,gasandwater

Urban solid Waste from householdsor similar waste, becauseof its nature or composition, in

waste particular from the serviceor commercialor industrial establishmentsand providersof
health care sector units, provided that in either case,the daily production does not
exceedl1100litres per producer

Categoryof waste (art.°5° of RGR)

Specialvaste Waste with specificcharacteristicsnamely, packaging,waste electrical and electronic
equipment, end of life vehicles, waste from construction and demolition, batteries,
tires, and other mineral oils, which shallbe subjectto collectionand processing.

Industrial solid Waste resulting from incidental and treated as solid waste activities: the similar
waste characteristicsto domestic solid waste and commercialsolid waste, particularly from
canteenscanteen,officesand containersuncontaminated

Waste All viable proceduresto ensurean environmentallysafe,sustainableand efficient waste

Management management taking into account the need for its reduction, recycling and reuse,
including separation, collection, transportation, storage, treatment, recovery and
disposalof waste, and the subsequentprotection of disposalsitesin order to protect
human health and the environmentagainstadverseeffects which may result from the
same

Useor Valuation The whole procedure consistingin the use of these componentsor residues,through
processesof refining, recovery, reclamation, recycling, reuse or any other action
providedfor in the listin AnnexVIof the RGRsuchas:

x Useasafuel or other meansof energyproductionother thanin direct
incineration;

x  Utilizationof organicsubstancesiot employedassolvents(e.g.paper

/ cardboardwood);

Utilizationof metalsor metal compounds;

Useof other inorganicmaterials(plastic,glass);

Utilizationof wasteoils;

Landtreatmentresultingin benefitto agricultureandecology.

Elimination Directedto the dump or to destruction, total or partial, of waste, carried out without
endangeringhuman health and without usingmethodsthat may harm the environment
procedure.Are includedin definingthe proceduredistedin AnnexVI of the RGRsuchas
depositionon or under the ground (e.g.Landfill),Landtreatment (e.g..Biodegradatiorof
liquid or sludgeinto the soil), Depositin speciallypreparedlandfill, amongothers.

X X X X

Proper Disposaln watertight and hygienicconditions(cleancontainersand alwayswith
acknowledgment lid closed),f possiblein plasticbagsor paper,in orderto avoiddispersionin the
streets.

Angolan Waste Listdefined in Annex X of the DP190/ 2012 which aims to standardizethe
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List(LAR) languageand classification ofwvaste. Eachresidueis assigneda code consisting
of sixdigits (e.g.19 01 02) correspondingto eachpair of digit identification of
the activity givingriseto the residue

[11.5.1.Characterizatiorof WasteManagementin the project area

Economicgrowth directly influencesthe increasedproduction of urban solid waste (USW),
sinceit is associatedvith increasedquality of life, includingin particularpackagingvaste. The
environmentalliabilitiesgeneratedby municipalsolidwastetend to increasewith increasingof

populationandincreasingof quality of life.

An analysisat national level, and accordingto the Report of the General State of the
Environmentof Angola(REAA)the main problemsrelatedto solidwastein the country occur
in urban areas and result from weak capacity of waste collection by operators or

administrations.

Furthermore, according to this source, there are several reasons that aggravate the

accumulationof wastein urbancentresandtheir peripheriesmostnotably:

X Increasedpopulationin major urbancentres;

x Changesn the way of life of the population,with difficulty adaptingto new lifestyles;
x Feedinghabits,hygiene etc;

X Lackof civiceducation;

x Lackof basichygiene,and

X Lackof environmentaleducation.

Thefollowing shouldalsobe mentioned:

x Lack of cleaning and waste collection companiesin sufficient numbers in some

provinces;

x Difficultaccesso the suburbsof the cities;
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x Lackof or insufficient means of collection and transportation of waste to final

destination;
X Uncontrolledurbandevelopment;

x Policyof commercialiberalisationandthe consequenfroliferation of smallindustries
unable to manage their effluent, resulting in increasingvolume of waste, both

hazardousandnon hazardous.

The daily production of solid waste in Angolais estimated currently at around 0.50 kg of
waste/inhabitant. Assumingthat the population of Luanda will grow to approximately
8,000,000inhabitants(ProvincialGovernmentof Luandadata), the production of wastein the
provincecouldrise to 4 million kilogramsper day, which correspondgo 1,460,000tonnes of
wasteper year. Thisdata envisagegravenegativeimpactfor the populationand environment

throughthe productionof USW.

Apartfrom the above,another problem of municipalsolid waste in regardto its composition,
sincemuchlandfilledwastecould be destinedfor reuseand/ or recycling for example timber,

paper/cardboardplastic,glassmetals,isthat it iswastethat is subjectto selectivecollection.

Anotherfeature of the compositionof the wasteis the existenceof a large volume of sandof
about40%(ENEA2006).Someof the reasondor this are:

X Adjacentsidewalkgo roadsare areaswithout anyvegetation;

X About 80% of land in cities is land without vegetation, allowing high
evapotranspirationof what is only a smallamount of water stored in the interstitial
parts of the soil mostly sand which predominate in the coastal cities, which

facilitatessurfacedrift of thesesands;

x Streetcleaningperformed manually,without watering of roadsand pavements(REA,
2006).

Concerningnethodsof treatment of municipalsolid wasteusedin the country,incinerationis
the main one, aswell asfor medicalwaste and someindustrialwaste,and in the caseof oil

exploitation.
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The burning of waste accumulated along the streets and the squaresis one of the
unconventionalsolutionsin Angolato reducethe accumulatedvolumes,and one that people
widely use.It is found more in the suburbs,wherethe collectionvehicleshavedifficult access,
but alsoin the cities. The streetsin these areasare narrow, the pavedsurfacedestroyedand

bumpy,andnot permitting the entry of collectiontrucks.

By productsof the incinerationprocessesre air emissionsash,slag,and the thermal energy
released,which often also bring with them environmentalproblemsand human health. The
ash collectedis often landfilled without any lining, enablingleachatesto percolateinto the
groundwater(REAA006).

In an analysisof the project area it can be seenthat the municipalities of implantation,
Cacuaco|colo e Bengoand Vianaare equippedwith a Systemof Integrated Managementof
SolidWaste. Thissystemis managedby the public companyELISAL €leaningand Sanitation
Companyof Luanda,and in each municipality the collection is the responsibilityof private

companies.

However the coveragerate of this serviceis reduced.,i.e., only the most populatedplacesand
those with bestaccesssuchasthe administrativecentre of the Communeof Bom Jesugsee
Figure52), Vianaand Zangoare coveredby this service.In the remainingareaof the project,
the managementof USWis undertakenby the inhabitantsthemselveswho bury them, burn

them or merelyleavethem on the ground(seeFigure50).
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Figure50—Topto Bottom: Wastemanagementin Jambondoneighbourhood;Picture of waste
disposalsite in environsof DCKm30 Lot6.

In Luandathere is only one final destination for municipal solid waste, the Landfill of
Mulenvos,locatedin the Mulenvosdistrict, at the confluenceof the municipalitiesof Viana
and Cacuacolt wasdesignedfor a lifetime of 22 years,and hasbeenin operationsince2007
receivingsolid waste directly from municipalities,as well as from the transfer stationsto be

found in Cazengand CamamgKilambaKiaxi)neighbourhoods.

To summariseall the shortcomingsand deficienciesof the Waste ManagementSystemlisted
on a national scale,were also identified in the area of direct project intervention and its

immediatesurroundingsincluding:

x disposalof waste (USW)in the openand underrand overgroundor in bodiesof water
(seeFigure53);

x disposal of waste (industrial and construction and demolition) on roadsides,in
abandonedsandpits(seeFigure51);

x deficienciedn the systemsof deposit,collectionandtransportationof USWin areasof
difficult accesssuchasthe villagedocatedon the banksof Lakeand RiverKwanza;

x lack of awarenessamong the population regarding the deposit of USW in the
appropriateplace(containers).

x deficienciesin the collectionand final disposalof industrialwaste from industrialand

commercialactivitiesand constructionand demolitionwaste;
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Thefollowing figuresillustrate this reality identified in the field surveyconductedbetween
25and 29 August2014.

Figure51—Topto Bottom: Disposalof waste in an old sandpit west of the Cementworks; Disposalof
industrial wastein an old sandpit in the environsof the layout of Lot4 Zango5; Depositof wasteon
the roadsideof BomJesus

Figure52—Fromleft to right: View of facilities of waste collectioncompanyin areaof Lot 6 — Km 30;
Detail of USWCcontainerexistingin the administrative centre of BomJesusMunicipality.
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Thisimproper disposalof both industrial and domesticwaste is not only an environmental
attack from the point of view of soil degradationand contamination of the subsoil and

groundwaterresourceqseeFigureb4), but alsoa publichealth problem.

Figure53—Fromleft to right:, top to Bottom: Wastedisposalin an existingopen spacewithin the
Capalangaluster; Wastenearthe fountain in avillagelocated on the lake shoreeastof BomJesus;
Wastedisposalnearthe village.
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Figure54—Wastedisposalon the right bank of the KwanzaRiverto the west of the village of Bom
Jesusyiew of waste disposalin the surroundingsof Lot 6 DCKm 30.
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[11.5.2.Forecasin the Absenceof the Project

It is expectedthat the generationof municipalsolid waste increasesdue to population growth
and changingmodes of living, improved socioeconomic conditions, coupled with the lack of

environmentaleducationand awareness.

Continueddepositionof waste in an uncontrolled manner, particularlyin the dumpsand public
open spaces,and the lack of cleaningand waste collection companieswill continue to cause
deterioration of public spacesquality of life, aswell asthe public health conditionsand public
health.

Alliedto this factor, the regionwhere the project will be installedin study presentsan expansion

of the industrialsectorand consequentlyanincreasein wastegenerationfrom this sector.

111.6. ARQUALITY

Humanbeingsare extremelyvulnerableand sensitiveto air quality. Togetherwith water quality,
this descriptoris a major vehiclefor conditioningpublic health, giventhat air pollution causedby
the emissionof pollutants, is a widespreadtype of pollution and is not confinedto the place
where one specificpollutant is emitted, althoughthere are alsoof air pollution phenomenathat

areinitially and mainlyfelt in aradiusof whereit isproduced.

Alossof air quality, or significantconcentrationsof pollutants,causegathologicaleffects,leaving

biologicalimprints on humanhealth. Noteworthy are the following effects:

Increasectardio—respiratorymortality;
Increasedutilization of healthservicesand costs;
Increasedncidenceof respiratorysymptomsanddiseases;
Increasedrequencyof exacerbatedouts of asthma;

Decreasedungfunction parameters;

© ©O© O O O o

Lunginflammationand deteriorationof defencemechanisms.
Suspendedoarticles, originatingfrom automobile emissionsjndustrial machineryand chimneys
generatetwo typesof particles:

f pm<10pm-becomeattachedto the bronchialwall

f pm<2,5um—becomeattached to the alveoli
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Theseparticlesplay a role in aggravatingor causingrespiratoryand cardiovasculadiseaseand
are scientificallyprovento be responsiblefor causinglung cancer. Pollensand dust alsoplay an

important role asa causeof diseasesuchasrhinitis or asthma.

Regardinglamageto ecosystemsmention shouldbe made of the oxidationof canopystructures
whichamongother effectsmay causeprematureleaffall in somespeciesandin somepremature
rotting of the fruit. Finally,whenit comesto damageto built heritagewe cangivethe exampleof
acidifyingpollutants that chemicallyattack built structures,causingthe degradationof materials

andconsequentlydecreasinghe usefullife of thesestructures.

Theeffectsof air pollution on health varyaccordingto time andtheir concentrationsThismeans

that, typically,there are acuteand chroniceffectsof air pollution.

Theacute effectsreflect the high concentrationsof a given pollutant which, when reached,may
not immediatelyimpacton receptors.Chroniceffectsare associatedwvith a longerexposuretime
and at lower concentrationlevels.While this level is lower, the exposureoccursfor a prolonged
period, which causesffectsthat mayarisederivedfrom the cumulativeexposurelevelsfor these

pollutants.

Air emissionggenerateproblemson different scalesfrom alocalscale(e.g.the concentrationsof
Greenhousdsase{GHGsascarbonmonoxide(CO),CarbonDioxide(CQ), of nitrogenor sulphur
oxides(NOxand SOx)rom the traffic alongcongestedroads,or from industrialactivities,up to a
globalscale(the bestexampleis climate changewhich,amongmanyother effects,hasresultedin

globalwarming).

In the absenceof monitoring stationsof air quality in Angolato providedata, the characterization
of the baselinein the project areawas carried out usingbibliographicdata for an analysison a
national scale,andfield reconnaissancea more localscale,carriedout in the period between25
and 29 August2014. In this survey major sourcesof emissionsof air pollutants and the main

recipientswere identifiedin the areaof direct projectinterventionandits surrounding.

[11.6.1PresentSituation

Ashashappenedin developingcountrieswhen starting their industrialisationprocess,in Angola

there has also been a high influx of population into urban centres. The unplannedgrowth of
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urban areasand haphazarddevelopmentof varioussectorsof industry have been contributing

factorsto the risinglevelsof air pollution.

Emissiongo the atmosphereprevailingin the country are from the combustionof fossil fuels,

originatingfrom:

rVehicledn circulation;
rGeneratorsusedfor the supplyof energy;
r Oil productionflares,and

rFires.

Roadtransport is responsiblefor the majority of CO(carbonmonoxide),NMVOC(non methane
volatile organiccompounds)yndleademissionsEmission®f CH (methane)comealmostentirely
from the final disposalof urban solid waste, while water treatment plants can be regardedas

significantemitters of NH3(ammonia)and N2O(nitrous oxide)sources.

The large geographicalarea, the massesof existing water and meteorological factors also

influencethe quality of the existingairin Angola(REAZ006).
Vehiclesin circulation

Thenumber of vehiclesin circulationin Angolahasincreasedsignificantlyin recentyears,both in
terms of private transportationvehiclessuchasfleets of trucksand busesof state transportand
private companiesHowever,this increasehasnot been met by an adequateexpansionof road

infrastructure.

Thiscausesnajor congestionof roads,mainlyin urbancentresof major citieslike Luandajforcing

vehiclesto movearoundat low speeds.

Simultaneousiythe consumptionof fuel (petrol and diesel) has increased,reachingvery high

levels,manifested for example,in longlinesof carsat the fuel stations.

In parallel there have also been increasesin air contamination by small particles, or dust,
particularly by particlesof lessthan 10 micron (PMy) in sizecomingfrom lorries and buseswith
dieselengines.Dust hasbecomea risk to public health, particularlyfor people living alongthe

roads(REAA006).
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Vehiclesthat use dieselenginesalsoreleaselarge amountsof lead into the atmosphere,mixing
with the inhalabledust, beingquite harmfulto humanhealth. Noteworthyis the predictionof the
downwardtrend in suchemissionsgiventhe introduction of unleadedpetrol and the renewalof
the vehiclefleet, particularlywith regardto gasolinevehicleswith better combustiontechnology,

whichwill alsocausea decreaseof other emissionsuchasCOand COVNM.
Generatorsusedfor the supplyof energy

Currentlynot all residentialareasin Angolaare connectedto the mainsand evenfor areaswith
accesshere are frequent interruptions. For this reason,a large portion of the population and

businesaisesgasolineor dieselgeneratorsasan alternativesource.
Oil production flares

Platformsfor oil exploration emit greenhousegases,specificallythe various points of burning,

whichcanbe severalon eachblock.
Fires

Themain sourceof air pollution in Angolaand neighbouringcountriesis the burning of biomass,
done mainlyduringthe dry season— betweenMay and August.Thefires occurfor at leastthree

reasonspriefly asfollows:

f Obtainingcharcoalfor cookingandasa sourceof homeheating;

f Hunting,and

f Cattlebreedingpurposes.
Theresult of this biomasscombustionis the emissionof carbonmonoxide (CO),hitrogen oxides
(NOX),nitrous oxide (N.O), methane(CH), non methanehydrocarbonsand particles,in addition
to carbondioxide(CQ).
Severalfactors indicate the existenceof large amounts of particles,amongstwhich should be
highlighted:

x Unpavedroads;

x Landwithout vegetation;

X Longperiodswithout rain,

X Hightemperatures;
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X

X

X

Fires;
Dieselgenerators;
Highnumberof vehiclesin circulation;

Factoriesandindustrieswith uncontrolledair emissions(SourceREAA006)

Inthe areaof the projectimplementation,the mainemissionsourcesof air pollutantsidentified in

the field surveywere:

Thetraffic of vehiclestransporting people and goodsalongthe roadslinking Luandato

Bom Jesus(ExpresswaytighwayCatete,Bom JesusRoad,unpavedroadsthat connect
the factoriesand aggregateextractionunits in the BomJesusrea)seeFigure55;

The activity of industries and warehousesin the SpecialEconomicZone (SEZ)the

industrial districts still under development,in the region of Vianaand Zango,the CIF
Cementworks and factoriesin the Bom Jesugegion (CocaColaand Cucabeer factories,
water bottling plantsunderthe BomJesusPerla,Buenabrands);

The activity of aggregateextraction in sandpits and quarries in the Bom Jesusand
Cacuacaegionand materialtransportfor localconsumption;

Theburning of agriculturaland/or forest land for agricultureand pastoral purposes,see
Figure56;

Civilworks;

Theopenair burningof wastein;

Theoperationof generatorsfor publicand private purposesseeFigure57.

The Bom Jesusroad which servesthe areasof abstraction deployment, the WTP and sludge

treatment plants is paved, but neverthelesspresents a section in very bad conditions, as

illustrated in the figure below. Thisroute hasa high traffic of heavyvehiclesassociatedwith the

activitiesof BomJesusthe CIFworksandthe aggregate®xtractionthat existin that location.

The Cateteroad, the Expresswaynd Zango/Calumbdighwaylinking Zangoare busyroadsfor

vehicleshroughoutthe day.
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Figure55—Fromtop to bottom, left to right: Trafficon the main roadsof the project area: Transportof
aggregaten dirt road; CateteRoad;ExpresaNay (Cacuacadalistrict); BomJesusRoadwith aroad section
with the damagedpavedsurface.

Fixed and diffuse emissionsfrom industries and aggregateextraction installed in Bom Jesus
region contribute to the reduction of air quality in the study area,aswell asfires on agricultural

land,verycommonalmosteverywherein the region,seeFigure56.
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Figure56 — Fromleft to right: atmosphericemissionsobservedalongthe KwanzaRiver(burningon
agriculturalland); nearthe CIF-actoryand industrial units locatedin Bom Jesus

In the field surveyit wasfound that the generatorsare presentin all industries,asa primary or
supplementarysourceof electricity. In the Bom Jesusareaand its environsdwellingsthat have

electricityrely on generators.

In the more urban and industrial Vianaand Zango(new housingarea) areasthere is alreadyan

n

electricity supply from the public network (ENE)However,almostall of the "neighbourhoods

surroundingurbanareashaveonly generatorsastheir sourceof electricity.
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Figure57—View of generatorfor public supplyat the administrative centre of the community of Bom
Jesusprivate generatorin the village of Jambondoin the surroundingsof Lot1 WTP.

Takinginto accountthe variousexistinganthropogenidactors, it is consideredthat the air quality
in the environsof the project is affected by various human activitiesin the surroundingarea,

exogenougo the project. Howeverthe mostaffectedareasarethose of Vianaand Zango.

The receptorsidentified as being most affected by emissionsources are mainly the villages

locatedalongthe roadswith heaviertraffic.

[11.6.2.Forecastin the Absenceof the Project
If the projectis not carriedout is expectedthat the analyzedsituationremain,or evengetworse.
It is anticipateda growth of the industrial sectorin the ExclusiveeconomicZonesurroundingthe
Airport aswell asthe standardof living of the population,with an expectedincreasdn traffic over

time, andinherently Increasedemissionsand deterioration of air quality in particular,in the Bom

Jesusoadandon Cateteroad.
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[11.7.S0ILS
Accordingto the GeographicAtlas of Angola (1982),the most abundant soils in Angola are

psamiticsoils,whichoccupyan areaof 716,000km?, correspondingo 57.5%of the country.

The remaining 42.5% of the area are occupied by the following soils: ferralitic, paraferalitic,

tropicalarid, lithosoil, hydromorphic alluvial,clays fersalitic,limestones calsialiticand oxysialitic.

Accordingto the sameliterature source,the Luandaregionis characterizedoy the presenceof
cromopsamidype soils,which are part of the psamiticclasssoils,defined aslittle evolvedsoils,

consistingof more or lesscoarseandloosesandydetrital materials.

Thesesoilsare poorly or not differentiated, and their texture is extremelylight, with low organic

matter contentand moderatelyacidpH.

Accordingto CastanheiraDiniz (2006),the area of implementation of the Projectextendsover
four distinct soiltypes.It presents,from southto north, i.e. from water abstractionin the Kwanza
river to the different DistributionCentresthe followingtypes:

Alluvialriver soils;

Lithosolsassociatedvith rockyoutcrops;

Blackand brown muds;

Mussequesoils.
Abrief descriptionof eachof the soilstypesinclude:

Alluvial riverine soils mecent alluvial depositsoccupy large areas, correspondingto or, more

preciselywithin the limits of the KwanzaSedimentaryBasin.

The soilsof the lower surfaceshave certain heterogeneity,directly related to the mineralogical
compositionof the sedimentsand their size.In this point, they haveremarkableinfluenceon the
soilsof the entire watershedupstream,which, after all, are the main power supplyof the means

transportedby water.

In general river alluvialsoilsof mediumandfine texturespredominate,the former occurringwith
the highestincidencein the upstreamsectiondownwardsand the latter in the middle and lower

sections,correspondingo the surfaceof the lower elevations,which will progressivelydecrease
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towards the mouth and the banksto the periphery. Not infrequently large areas subject to
prolonged, or even permanent flooding , occur here, where the soils are influenced by

hydromorphism.

Thebetter drained alluvial soilswith a higher degreeof fertility, are distributed generallyin the
range adjoiningthe courseof the river, whose elevationis slightly higher than the rest of the

floodplain.

Figure58 Alluvial soils someplacesvisited during the field survey(August2014)

Lithosolsassociatedwith rocky outcrops 6oilsof thin layer,lying on rocky substratum20 cm or
lessdeep (Lithosols) often associatedwith rocky material, both in the soil and lying abundantly

onits surface(lithic soils).

Suchsoils often occurin areaswhere rocky outcrops are shown, with which they are typically

associated.

Lithosolsoccurin sedimentarybeltsin ruggedsurfaceghat markgapsalongduneformations.

Figure59 Lithosols someplacesvisited duringthe field survey(August2014)
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Blackand Brown Clays Claysheavytexture soils,are well represented particularlybetweenthe
Kwanzaand Dande, correspondingto OligoMiocene formations, especiallywhen clay loam or

marlylimestonesemerge,often enrichedby materials.

Claysare usuallyblackor dark greyin colour when correspondingo the flattened or depressed
valley areas(BlackTopomorphicClays)and brown or diluted olivaceoudbrown in situationson
slopes (Brown Litomorphic Clays). The former are quite thick and, often, due to their
topographical situation, involve poor drainage, present hydromorphic underlying horizon or
horizons characterizedy their primatic structure. Asfor brown litomorfic Claystheir thicknesss
generally related to the degree of slope with frequent occurrencein the mass of ground

limestoneconcentrationand gypsumcrystals.

The Claysare clay soils, very sticky and plastic consistingessentiallyof montmorilonitic clays.
While drying out, they shrink, opening wider and deeper cracks; when wet, they become

relativelyexpandablethis alternationgivesriseto atypicalmicroreliefcalled"Gilgai".

Well provided with nutrients, especiallycalciumand magnesiumthey have high usablecapacity
for water and a very high degreeof saturation,factorsthat provide a high production capacity.
However,due to their physicalcharacteristicsseverelimitations on their agriculturaluse,which
canonly be mitigated by possibleappropriatecultivation. Moreover,dueto their susceptibilityto
erosionarisingasa result of their low degreeof permeability,they require appropriateprotection

andconservatiorpractices.

Still, in regardto agriculturaluseandtakinginto accountthe ecologicabind edaphicrequirements
of the varioustypesof tillage, regardis takenof the fact that the Claysare better suitedto cotton,
cornandsorghum,andin certainsituationsto sugarcane.However,giventhe quantitative scarce
rainfall and high degree of variability in its distribution, irrigation is advocated,preferably by

adoptingthe sprinklingtechnique.

Blackand brown Claysknownregionallyas"Catete'sblacklands" correlate with "Vertisols"from
the American Classification(7th approximation) and with the Carta de Solosde Africa de

D’Hoore.
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Figure60 rClaysoilsin the surroundingareaof the Project

Mussequesoils m this great pedologicalunit are includedsoilsthat are in correspondencawith
the raisedmushroomsurfacesof quartz sedimentsof Pleistoceneknown by the regionalnameof
"musseques"a vernacularterm meaningsandyterrain. Themussequesoilsare generallycoarse

in texture, verydeep,structurelesswith paleor bright colours.

Within the gently undulatinggeneralrelief reddishsoils,the most representative correlate with
the desiccatedor salient dimensionsof flattening surfaces,while the pale soils usually occupy
positions surroundingsmallinland basins.Amongthe situationsoccupiedby thesetwo types of
soil are distributed those of orange and yellow colour, but identified with flattened relief
situations. The mussequesoils are further characterizedby their excessivepermeability, weak
usablewater capacity,low in nutrients, compactnessand very low consistencyHowever,if the
underlyinghorizonsare sizedtextures, a fact which occursmore frequently when there is less
gquartz and mantle sediment, these soils can be of great interest to agriculture,sincethey are

benefitedby irrigation.

The mussequesoils of coarsetexture, brown or pale, correlate with the "Xeropsamorregolicos"
and bright colours with the little saturated chromic ones while mediumtextured "Psamor
fersidlicos" musseques are akin to the little saturated, clayey "Fersialiticos" within the
classificationof the Missdo de Pedologiade Angolae Mogcambiguee Centro de Estudosde

Pedologialropical.
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Figure61 Mussequesoils someplacesvisited duringthe field survey(August2014)

In Figure62, textural and colour aspectsof some soils are presented,including sandy soils of
coarsetexture, the project area and surroundingregions. The cartographicprojection of the

samplingsitesis depictedin Figure63.
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Figure62 exturaland colouraspectsof somesoilsof the project areaand surroundingregions
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Figure63 6oilsamplinglocations(August2014)

Accordingto the Africa Soillnformation Servicein the Projectarea,roughly comprisedbetween
the Kwanzaiver andthe Bengoriver, soilshavefeaturespredominantlydisplayedn the following

table, for the pHandtotal organiccarbonparameters.
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Table25 Forecasbf averagevaluesfor different soil depths

Soildepth (cm) SoilpH*

OrganicCarbon(g/kg)
0-5 5,3-6,3 6-8
5 45 5,3-6,3 6-8
15 BO 53-6,3 6-8
30 60 5,3-6,3 4-5
60 400 5,3-6,3 2B

* In a 1:5solution (soil/water)

Alsoaccordingto the samebibliographicsource,and with regardto the availabilityof nutrientsin
the soil, the areaunder study (roughlybetweenthe Kwanzaand Bengoriversand west of Catete)
is classifiedashaving"no constraintsor light constraints”, with someareashavethe classification

of "moderateconstraints".

In terms of soil salinity, nutrient retention capacityand toxicity of the soil, the classificatiorof the

whole areareads"without constraintsor light constraints".

We must emphasizehowever that these classificationsherein are basedon indirect predictive

methodson aroughscale Jackingvalidationon the groundon a finer scale(detailed).

[11.7.1.Forecasin Absenceof the Project

Inthe absenceof the Project,it is anticipatedthat the majority of the soilsin the regionof Luanda
will undergohumanoccupation,both throughits use for permanentinfrastructurebut alsowith

removable and temporary occupations.Human presence,will certainly to a greater or lesser
degree bring about the same degradation, via either compressions(e.g. passageof heavy

vehicles)or contaminationwith varioussubstancege.g.migrationof oilsand/or hydrocarbons).

Agriculturalsoilsof alluvialorigin, and closerto the KwanzaRiver,certainly will be occupiedfor

intensiveagriculture.
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111.8. SOILUSEANDPLANNING

With this descriptor,we intend to describeand analyzethe areaplannedfor implementationof

the Project,aswell asits nearestsurroundingsijn termsof its currentoccupation.

Spatialplanningshouldbe considereda fundamentalpolicy, where different globaland sectoral
measuresare integrated in order to contribute to the promotion of local developmentand to
improve the living conditions of the resident populationin the study area. In this context, we
soughtto identify which planningand managementinstrumentsare in place or in preparation

that encompasshe studyarea.

The information presented here is based on available literature and cartography, and

complementedwith field work. Planningnstrumentsare underdevelopment.

In anarticle publishedin http://www.ipgul.org/ and dated of Decembel2013,it reads:"The Plano

Director GeralMetropolitano de Luanda will be completedin eighteenmonths(...)". The Plano
Director Municipal de Vianawas presentedto the citizenson 8 July 2014, so that they could
submit their = suggestions to enrich the document (news published in

http://www.portalangop.co.ao).

The area in which the Projectis to be implementedlies within the municipalitiesof Icolo and
Bengo,Vianaand CacuacoThemunicipalitiesinvolvedare: Funda,Viana(Administrativecentre),

Kabiri,Calumboand BomJesugFigure64).
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Figure64 tmplementation of the Projectin the territorial contextof municipalitiesand communes
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