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GLOSSARY OF ACRONYMS AND ABBREVIATIONS

Portuguese English

AGETRANSP Agência Reguladora dos Serviços
Públicos Concedidos de Transportes
Aquaviários, Ferroviários,
Metroviários e de Rodovias do
Estado do Rio de Janeiro

Regulatory agency of
Concessioned Public Transport
Services (Water, Rail, Metro, and
Roads) of the state of Rio de
Janeiro

ANAC Agência Nacional de Aviação Civil National Agency of Civil Aviation

ANTT Agência Nacional de Transportes
Terrestres

National Agency of Land (Ground)
Transportation

ARTESP Agência Reguladora de Transporte
do Estado de São Paulo

Regulatory Transport Agency of the
state of São Paulo

BCR Benefit-Cost Ratio

BID Banco Interamericano de
Desenvolvimento

BNDES Banco Nacional de Desenvolvimento
Economico e Social

CAPEX Capital Expenditure

CBD Central Business District

CNT Confederação Nacional do
Transporte National Confederation of Transport

CPTM Companhia Paulista de Trens
Metropolitanos

São Paulo Metropolitan Train
Company

DENATRAN Departamento Nacional de Trânsito National Department of Transport

DER-SP Departamento de Estradas de
Rodagem do Estado de São Paulo

Department of Roads of the state of
São Paulo

DETRO/RJ Departamento de Transportes
Rodoviários do Estado do Rio de
Janeiro

Department of Road Transport in
the State of Rio de Janeiro

DfT UK Department for Transport

DNIT Departamento Nacional de Infra-
Estrutura de Transportes

National Department of Transport
Infrastructure

EMBRATUR Instituto Brasileiro de Turismo Brazilian Institute of Tourism

FEA Financial and Economic Appraisal

GDP Gross Domestic Product

HS/HSR High Speed Train/High Speed Rail

IBGE Instituto Brasileiro de Geografia e
Estatística

Brazilian Institute of Geography and
Statistics

IBOPE Instituto Brasileiro de Opinião
Pública e Estatística

Brazilian Institute of Public Opinion
and Statistics

INFRAERO Empresa Brasileira de Infra-estrutura
Aeroportuária

Airport Infrastructure Company of
Brazil

IRR Internal Rate of Return

MCA Multi Criteria Analysis

NATA New Approach to Transport
Appraisal (UK Government)
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Portuguese English

NPV Net Present Value

OPEX Operating Expenditure

PDDT-Vivo
2000/2020

Plano Diretor de Desenvolvimento
dos Transportes 2000/2020

Transport Development Master
Plan Study

PDTU-RMRJ Plano Diretor de Transportes
Urbanos da Região Metropolitana do
Rio de Janeiro

Urban Transport Master Plan of the
Metropolitan Region of Rio de
Janeiro

PITU O Plano Integrado de Transportes
Urbanos para 2020

Integrated Urban Transport Plan for
the Metropolitan Region of São
Paulo

PPP Public-Private Partnership

PV Present Value

SEADE Fundação Sistema Estadual de
Análise de Dados de São Paulo

State Agency of Data Analysis of
São Paulo

TAV Trem de Alta Velocidade High Speed Train

TOR Terms of Reference

VfM Value for Money

VOC Vehicle Operating Costs

VOT Value of Time

WEBTAG The Web-based version of the UK
DfT’s Transport Appraisal Guidance

IMPORTANT NOTICE
THE CONSORTIUM DOES NOT ADVOCATE OR ENDORSE ANY SPECIFIC TYPE OF HIGH

SPEED TRAIN OR TECHNOLOGY; WHEREVER POSSIBLE GENERIC HIGH SPEED RAILWAY

SPECIFICATIONS AND STANDARDS HAVE BEEN USED TO DEVELOP ALL ASPECTS OF

THIS STUDY INCLUDED IN THIS VOLUME. WHERE REFERENCE IS MADE TO A TYPE OF

HIGH SPEED TRAIN OR TECHNOLOGY THIS DOES NOT IMPLY A PREFERENCE OR

RECOMMENDATION ON THE PART OF THE CONSORTIUM. ALL JOURNEY TIMES ARE

APPROXIMATE AND ARE BASED ON SIMULATIONS UNDERTAKEN BY CONSORTIUM.

THEY ARE SUBJECT TO CHANGE DEPENDING ON THE FINAL ALIGNMENT ADOPTED.











Brazil TAV: Vol 2 – Alignment Studies – Final Report TAV-HA-PWY-REP-26034-01

Page 12 of 164

1.8 Overview of Progress – Phases C, D and E

Workshops and Meetings with the Municipalities

1.8.1 A Workshop in Rio de Janeiro was held on 10th and 11th September 2008 with the Rio de
Janeiro State Department of Transport and Rio State Municipalities to discuss the
potential impact of the TAV project and gather data.

1.8.2 The workshop was split into two areas with the Baixada Fluminense Municipalities invited
for the first day and the Vale do Paraíba Municipalities invited for the second day. This
was a successful workshop which identified many concerns, potential conflicts and some
opportunities to reduce the impact of the project on the Municipality areas.

1.8.3 For the São Paulo State area it was decided that separate meetings would be held with
the key Municipalities and the São Paulo State Department for Transport. These
meetings were held over a period of two weeks during October 2008 (see Appendix A).

1.8.4 These meetings were successful and gave Halcrow the opportunity to gather information
and visit areas identified as concerns and opportunities for a potential corridor to avoid
densely populated areas.

1.8.5 The results from these workshops and meetings are discussed in more detail below.

Development of the alignments

1.8.6 To develop the alignments, Halcrow have taken the opportunity to explore possible
corridors in advance of the optimisation process. This has been done to speed up the
conclusions of the optimisation process and to prepare and anticipate the likely outcome
of the Quantm results where possible so that there are no major surprises which could
add time to the process.

1.8.7 This has been done by following up suggestions by the Municipalities, making site visits,
studying drawings, plans and photos taken from Helicopter flights. This familiarisation
process has been necessary to become intimate with the geographical and
demographical characteristics of the project area which will bring benefits during the
optimisation and evaluation stages (the site visits and surveys are summarised in
Appendix A).

1.8.8 In our studies we have found that alignments from the Barão De Mauá terminal station to
Galeão International Airport and in the São Paulo metropolitan area have had to be
developed making many engineering judgements and drawing conclusions about the
effect of alignments on the densely populated areas. These judgements and
considerations have resulted in alignments being developed in advance of the Quantm
optimisation process.

1.8.9 The Rio Metropolitan alignment avoids the densely populated and expensive areas and
provides the most direct route to the airport given the orientation of Barão De Mauá and
it’s position in relation to the airport. Therefore, for the Rio de Janeiro state optimisation in
Quantm we have chosen the Galeão International Airport as the start point for the
Quantm exploration of alignments and the finish point at the Rio de Janeiro/ São Paulo
State border.

1.8.10 We have also studied an alignment variant using the Via Light corridor which provides a
direct route from Barão De Mauá and does not connect with Galeão International Airport.
However, again the alignment will have to remain in tunnel (approx. 13 Km long) from
São Cristovão to the Madureira area. Then a section along Via Light would be approx. 16
Km before entering tunnel again under Novo Iguaçu and avoiding the town centre before
picking up the selected route to the north of the Presidente Dutra (BR116) highway.

1.8.11 For the São Paulo state optimisation, we have provided an overlap between the State
border and Resendé in order to avoid a fixed point for the start and finish of the two State
alignments. The optimisation for São Paulo State is in two main parts. Firstly from
Guarulhos International Airport to Resendé and secondly from São Paulo city to
Campinas, via Viracopos Airport.
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1.9.6 When the results came back they were checked against any conflicts again and the costs
assessed, and our alignment preferences were considered. Using the longitudinal profile
in Quantm as a guide, the vertical alignment is then adjusted to make it a High Speed
Line compliant alignment in the vertical plane and then a further final check on conflicts is
carried out.

1.9.7 The final adjustment process is at this point complete and is run through Quantm to
create the footprint and geometry reports so that Plan and Profile drawings showing the
horizontal and vertical curve elements can be produced.

1.9.8 There were many adjustments necessary in both the horizontal and vertical planes in
order to satisfy the need to reduce conflicts, create a ‘true’ high speed line alignment and
to reduce costs where appropriate.

Summary of Adjustments – Rio de Janeiro State

1.9.9 Barão De Mauá Terminal Station – The alignment is kept at the south side of the Barão
De Mauá site to permit an interchange created by future developments of the Supervia
commuter railway lines and the Metro.

1.9.10 Approaching Barão De Mauá, a flattening of the tight radius curve in the São Cristovão
(Mangueira hill) area was necessary and the alignment was also adjusted to follow the
disused track bed through São Cristovão station.

1.9.11 In the Rio de Janeiro City University complex on the Ilha do Fundão, the alignment
needed to be adjusted between the Centre of Literacy & Arts (CLA) and Centre of Mineral
Technology (CETEM) to equalise the spacing between the two building complexes.

1.9.12 At the north end of the Ilha do Fundão the alignment curves under the flight path for the
Galeão International Airport. Infraero have specified that the TAV system should be a
maximum of 20m in height and be located a minimum of 900m away from the runway
threshold. Therefore the alignment was adjusted to an optimum distance away from the
runway end.

1.9.13 The alignment serving the airport terminal station runs parallel with the airport terminal
approach road and has been adjusted to be located on the strip of land alongside the
road and transfer from viaduct to a sub surface box for the station located beneath the
car park area central and opposite to the airport terminal buildings.

1.9.14 To the north of the airport and the Canal do Fundão, the alignment comes up to the
surface to the west of Washington Luiz and then onto viaduct passing over the Supervia
rail commuter line between Duque de Caxias and Saracuruna. This part of the alignment
has been adjusted to optimise the vertical profile and to reduce conflicts with residential
areas. The alignment has also been adjusted to enable the 3,200m radius curve to be
flattened to improve the speed where the alignment comes to the surface and crosses
the commuter rail line.

1.9.15 In the north of Belford Roxo the alignment has been adjusted to avoid the edge of a rural
community so that the impact of resettlement can be reduced.

1.9.16 The alignment in the north of Vila de Cava has been adjusted northwards to clear the
northern edge of the town but also to avoid the São Bernardino ruins (circa 1875) which
is a heritage site and to also avoid a landfill (Aterro) site to the west of Vila de Cava. An
adjustment has also been made to reduce conflicts near Queimados.

1.9.17 An adjustment has been made to straighten the geometry to provide a regular flat radius
curve in the foothills of the Serra das Araras. Further adjustments have been made to
straighten the alignment in tunnel beneath the Serra das Araras mountain range.

1.9.18 An adjustment to the alignment at Piraí has been necessary to avoid conflicts in the north
of the town and to move the valley crossing away from the town.

1.9.19 For the Barra Mansa/Volta Redonda Station it is necessary to limit the curvature through
the station loops and particularly the turnouts at the end of each loop line which are
required to be on straight alignment.
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1.9.20 To the north west of Barra Mansa, an adjustment of the alignment across the Paraíba do
Sul river valley was necessary to avoid a long river crossing. To provide for a possible
future station at Resendé it has also been necessary to straighten the alignment in
anticipation of providing station loops with Turnouts on straight alignment.

Summary of Adjustments - São Paulo State

1.9.21 Near the State border to the west of Itatiaia, an adjustment of the alignment has been
necessary to avoid the Funil Reservoir and associated buildings.

1.9.22 Adjustments of the alignment have been made in the north of Queluz and south of
Lavrinhas to provide a regular alignment and reduce the impact of landslide risks with
shallower cuttings.

1.9.23 An adjustment of the alignment to the north of Lorena and Guaratinguetá has been made
to straighten the alignment and to avoid a Sewerage Treatment Plant site at Lorena.

1.9.24 The alignment was adjusted north of Roseira through to Tremembé and north of
Tremembé to Taubaté. This was necessary to straighten the alignment in the Paraíba
flood plain.

1.9.25 In the São José dos Campos area there was a need to position the alignment as close to
the edge of the flood plain as possible to reduce the impact of poor ground conditions
(alluvium, peat etc.).

1.9.26 An adjustment of the alignment has been necessary to the south of Santa Isabel to avoid
a Quarry (Pedreira). There is also another Quarry to the north east of Arujá which has
resulted in an adjustment.

1.9.27 The 350 Km/h bypass alignment at Guarulhos Airport has been removed because a flat
radius curve (3125m radius) which allows 230 Km/h can be provided (in tunnel) to allow
through trains to by-pass the airport station platforms within the same corridor. This has
become possible because fast trains would not exceed 230 Km/h regardless of the
geometry because of the proximity to Campo de Marte.

1.9.28 An adjustment of the alignment at Campo de Marte has been necessary to extend the
length of straight alignment to fit the station platforms and associated track connections
for the platforms (allowing for additional platforms as part of a future expansion).

Campinas Line

1.9.29 An adjustment of the alignment in the North West of Caieiras has been necessary to
avoid a landfill (Aterro) site and consequently created more alignment in tunnel
necessary to pass beneath populated areas of Caieiras.

1.9.30 An adjustment of the alignment in the Jundiai Airport area has been necessary to avoid
the road intersection at the south of the airport and to avoid the Cola Drinks Factory
buildings in the valley to the north west of the airport.

1.9.31 Between Jundiai and Viracopos a straightening of the alignment north west of Jundiai
Airport near Itupeva has been necessary to reduce conflicts with some residential areas.
Lso an adjustment has been made in the south west of Vinhedo following results from
Quantm showing a lower cost solution.

1.9.32 An adjustment of the alignment was made to the southern approach to Viracopos Airport.
This was to maintain the correct orientation into the proposed station box structure that
suits the new plans for development and expansion of the new airport complex.

1.9.33 An adjustment of the alignment at the North West of Viracopos airport was necessary to
flatten the curvature and to compliment the new freight line proposals for the new Airport
complex.

1.9.34 A closer study of the existing rail corridor into Campinas has allowed us to position the
alignment to the north of the existing corridor so that the existing freight rail line can
remain alongside the TAV in parallel until both lines are clear of the densely populated
area in the centre of the city.
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3 Pre Optimisation - Phases A & B

3.1 Digital Mapping (DEM and Aerial Photos)

Background

3.1.1 There is no readily available Digital Terrain Model (DTM) in Brazil which covers the areas
that a potential TAV corridor will occupy. However, there are a number of suppliers in the
GIS community both in Brazil and elsewhere that have access to aerial and satellite
surveys and some have the capability to carry out these surveys on request to a
particular specification and build a DTM from the survey data.

3.1.2 Halcrow studied these sources of information and talked to a number of suppliers about
the project’s specific requirements to develop a DTM. Out of this, a specification was
developed which could be used to inform potential suppliers of the project needs.

Specification

3.1.3 In summary the specification addresses the quality of the data and the requirement for a
range of surface images that are needed to be shown in order to successfully import the
model into the QUANTM software and develop alignments. Once the DTM is placed in
the QUANTM environment it can be used as a basis for the optimisation of three
dimensional alignments based on a fully costed estimate of cut and fill volumes and civil
engineering structures.

3.1.4 The DTM is required ultimately to be a three dimensional model of the ‘bald’ surface of
the landscape (i.e. without tree cover and buildings). This is necessary to calculate cut
and fill calculations and to make decisions such as where the alignment position
determines a tunnel or a cutting, an embankment or a viaduct etc.

3.1.5 The quality of the data has to be pitched at the appropriate level according to the different
stages of optimisation. The processing speed of the QUANTM software is affected by the
quality of the data and it was found that for the training of QUANTM a coarse level of data
was appropriate in order to run the software quickly during the training sessions.

3.1.6 However, the level of design needed for these Alignment studies, and to meet the
timescales specified, a Digital Elevation Model (DEM) has been deemed appropriate for
the optimisation process. The DEM is a three dimensional model of the surface of the
landscape but does not penetrate tree/vegetation cover. It is anticipated that the true
‘bald’ surface of the landscape will be considered later by the Concessionaire during
detailed design so that the vertical alignment can be finalised using the QUANTM
software by the Concessionaire.

3.1.7 QUANTM also needs to consider sufficient detail to calculate the effect of road, railway
and river crossings and any other feature that needs to be crossed or avoided by the
alignment. Therefore all natural features, ecological and environmentally sensitive areas,
land use and existing infrastructure need to be contained within the model.

3.1.8 The impact of the alignment on villages, towns and cities and encroachment on existing
landowners in both urban and rural areas will also be necessary. Therefore the
DTM/DEM needs to be integrated with images of buildings and other man made
structures so that the alignment can be considered against any conflicts so that re-
optimisation, adjustment or where necessary, expropriations can be considered.

3.1.9 To do this, images of all man made buildings, structures and infrastructure are necessary
to be draped over the DTM/DEM in the QUANTM environment developed from aerial
photography. This is necessary to get the accuracy required (within 1m).
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These areas have been considered from a Geological and Geotechnical point of view as
having particular engineering considerations which influence the unit costs for
construction because of the ground conditions.

Rio de Janeiro State Geology Zones

3.6.4 The Rio de Janeiro low-lands (Baixada Fluminense) have an elevation within 5m above
sea level and represent the plain over which the TAV alignment will follow from the Rio
de Janeiro metropolitan area across to the foot-slopes of the Serra das Araras east
facing escarpment. The topography to the north of the city is essentially flat, very low
lying and on undeveloped margins of the Guanabara Bay where there are mangrove
swamps.

3.6.5 The natural surface and near surface soils are comprised of Quaternary fluvio-marine
sediments consisting of sands, silts and marine clays with organic matter. These variable
and unconsolidated fluvio marine deposits, coupled with a high groundwater level
represent poor tunnelling and foundation conditions.

3.6.6 From the Guanabara Bay coastal belt across Belford Roxo, Novo Iguaçu and Quiemados
and as far west as the foot-slopes of the Serra das Araras escarpment, the topography is
characterized by many isolated small rounded hills up to 100m in height. The low lying
areas comprise of both fluvio marine deposits (sands, silts and clays) and hillwash
deposits, Colluvium and reworked residual soils.

3.6.7 Therefore in the Rio de Janeiro lowlands (Baixada Fluminense) the unit rate for tunnelling
is higher to recognise the difficult nature of the ground conditions, poor access to
mangroves and poor tunnelling conditions below the water table.

3.6.8 The Serra das Araras escarpment rises over a relatively short distance in terms of its
elevation (from approx. 50m to 400m above sea level). The proposed TAV alignment will
be governed by the vertical and horizontal alignment restrictions which dictate the
requirement for a tunnel through the escarpment and rising to the high plateau of the
mountain range.

3.6.9 The escarpment forms a dramatic transition zone between the low lying coastal belt and
the high plateau. The topography is very rugged with high peaks and steep sided slopes.
The bedrock geology is metamorphic rocks of igneous origin. The granites and gneisses
are cut by veins and dykes, and the slopes are characterised by a thin veneer (<1m) of
several metres of residual soil overlying bedrock.

3.6.10 The tunnelling through the escarpment to the high plateau will be predominately in the
Granites and Gneisses in the Serra das Araras region and therefore tunnelling costs in
hard rock have been developed to reflect this.

3.6.11 On the Paraiba do Sol plateau between the top of the Serra das Araras escarpment and
Barra Mansa, the topography consists of an extensive network of rounded or elongated
grassed and forested hills, generally less than 100m above the general plateau elevation.

3.6.12 Similar to the Serra das Araras region, the bedrock geology comprises Pre-Cambrian
metamorphic rocks of igneous origin plus metamorphic rocks of sedimentary origin. This
area from the Serra das Araras to Barra Mansa will require extensive cut and fill
earthworks and, in order to avoid very large scale excavations, there is likelihood that a
number of short viaducts and tunnels may be needed. Therefore the tunnelling costs
through the bedrock have been considered as the same as for the Serra das Araras
region as this is thought to be similar tunnelling conditions.

3.6.13 Where the corridor enters the wide river valley of the Paraiba do Sul it continues from
Barra Mansa passing through Porto Real, Resendé, Itatiaia and Eng.Passos, close to the
State boundary with Sao Paulo. The Paraibo do Sul river meanders in a wide flood plain
at an elevation of approx. 400m. with gently sloping valley side slopes.

3.6.14 The geology of the river basin comprises of predominantly fine to coarse conglomerates,
sandstones, and mudstones including montmorillenitic claystones. These geologically
younger rocks contrast with the much older, deeply weathered Pre-Cambrian rocks
encountered along much of the route within Rio de Janeiro State.
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3.6.15 Cut and fills are likely to be relatively small scale. Cut slopes into the toe of hill slopes are
therefore likely to be in Colluvium and weathered rock. It can be assumed that excavated
material is suitable for use as general fill for embankment construction.

São Paulo State Geology Zones

3.6.16 The corridor leaves the river valley of the Paraiba do Sul just east of Eng. Passos, and
runs west to the State boundary with São Paulo. Here, the corridor returns again in close
proximity to the Rio Paraiba do Sul through Queluz, Lavrinhas as far as Cachoeira
Paulista.

3.6.17 This area consists of an extensive network of rounded or elongated grassed and forested
hills, generally 100 – 300m above the general elevation. The bedrock geology comprises
Pre-Cambrian metamorphic rocks of igneous origin and metamorphic rocks of
sedimentary origin. Typically, these include coarse grained gneisses and schists of the
Embu Complex on the Rio de Janeiro side of the state boundary and granites, migmatites
and amphibolites with aplitic veining west of the border.

3.6.18 This section of route will require extensive cut and fill earthworks and, in order to avoid
very large scale excavations, there is a likelihood that a number of short viaducts and
tunnels may be needed.

3.6.19 From Cachoeira Paulista, the natural corridor is close to Dutra as far as Guaratinguetá.
For the most part, this section traverses very gently sloping and undulating terrain on the
NW side of the Paraiba Valley, however between Guaratinguetá and just to the south
west of Aparecida, the corridor crosses higher and more undulating, hilly terrain.

3.6.20 The geology of the NW facing ground outside the floodplain of the Paraiba Valley is
predominantly fine to coarse conglomerates, sandstones, and mudstones. These
geologically younger rocks contrast with the much older, deeply weathered Pre-Cambrian
granitic rocks forming the higher ground to the south of Guaratinguetá and Aparecida.

3.6.21 For the most part, cut and fills are likely to be relatively small scale. Cut slopes into the
toe of hill slopes are therefore likely to be in Colluvium and weathered rock. For the
section of route between Guaratinguetá and Aparecida, residual soils and variably
weathered granitic rocks may be expected. If tunnels are proposed, a mixture of hard
rock and soft rock conditions may be expected and measures will need to be adopted at
the portal areas to mitigate against the possibility of slope instability.

3.6.22 From the Taubate area, the corridor may have a choice of directions running
approximately parallel with the Gov. Carvalho Pinto road south of São José dos Campos
and Jacerai, or following the Paraíba do Sul valley to the north of SJDC, before entering
the river Tietê Valley.

3.6.23 Depending on the exact alignment, the likelihood is that weathered Pre Cambrian
migmatites and granites will predominate, particularly if an alignment is chosen closer to
São José dos Campos and Jacarei. Modest height cuts and fills have been constructed
for the Gov. Carvalho Pinto highway and these appear to show no sign of instability. If
short lengths of tunnel are required, these will be above the water table but mixed rock
conditions are likely, due to variations in the rock weathering profile at relatively shallow
depths of cover.

3.6.24 Through the Rio Tietê Valley to São Paulo the route will be dictated by features such as
the course of the Rio Tietê and tributary streams, existing urban industrial development
and existing transport infrastructure. The topography consists of very gently sloping low
tabular shaped hills and the flat poorly drained marshy floodplain of the Rio Tietê valley.

3.6.25 The low lying hill areas are formed of Pre Cambrian gneiss, although shallow cuttings
reveal only residual soil. Recent fluvial sediments are encountered in the floodplain
consisting of organic deposits, silts and clays. In the Rio Tietê Valley, these recent
sediments over-lay older Tertiary fluvial sediments of the São Paulo Formation; these
comprise interbedded clays, silts, sands, and conglomeritic horizons. At depth, beneath
these deposits, is Pre Cambrian Gneiss.
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3.6.26 In the Rio Tietê valley to São Paulo, ground conditions may be described as generally
poor due to the unconsolidated nature of the deposits coupled with a high groundwater
table.

3.7 Environmental Inputs

Features and Feature Settings

3.7.1 QUANTM needs to consider sufficient detail to calculate the effect of road, railway and
river crossings and any other feature that needs to be crossed or avoided by the
alignment. Therefore all natural features, ecological and environmentally sensitive areas,
land use and existing infrastructure need to be contained within the model.

3.7.2 The features necessary to calculate costs of land, expropriation, re-settlement and for
crossing environmentally constrained areas are imported into Quantm in layers. Each
layer has a collection of polygons provided by Prime Engenharia which are
geographically referenced and can be draped over the DEM.

3.7.3 There is a unit cost rate attributed to each of the polygons, so if the alignment passes
through these areas, a cost can be calculated for the distance that it passes through.
Some features are to be avoided as a mandatory requirement, so the alignment will have
to find a geometrically compliant pathway around the avoid zone (see avoid zones
highlighted below).

Layer No. Land Use, Man-made Structures and Crossing Points
1 Land Prices (Urban and Rural)
2 Urban Land Use. Indemnification costs (construction prices) and

resettlement costs
3 Re-urbanization and Noise Control
4 Public buildings (schools, clinics, hospitals, etc.)
5 Rivers, Reservoirs and Permanent Preservation Areas (“APP”)
6 Roads
7 Railways
8 Supply Networks

Layer No. Areas with Cultural Constraints:
9 Indigenous Land. Avoid zones
10 Quilombola Land. Avoid zones
11 INCRA Settlements.
12 Archaeological sites.
13 Vegetation, Forest Remnants

Layer No. Conservation Areas (“UCs”) and Buffer Zones
14 Total Protection Areas. Avoid zones.
15 Sustainable Management Areas (except for APAs and RPPNs).
16 APAs, RPPNs and other categories outside SNUC.
17 Legal 10-km Buffer-Zone Area around UCs
18 1,0-km Buffer-Zone Area around UCs.
19 Priority Areas for Conservation.
20 Municipal Parks.

Layer No. Environmentally Sensitive Areas
21 Low-lands around water-bodies (“Varzeas”).
22 Low-lands occupied with agriculture.
23 Mangroves.
24 Public-water-supply watersheds
25 Potentially unstable slopes (>45°).
26 Caverns and karsts zones. Avoid zones.
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3.7.4 The Features information above and associated costs are provided by Prime Engenharia
and are described in more detail in their report.
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4.1.18 They also offered their recommendation that a TAV alignment in the south would provide
the opportunity for development in the area to the south of Dutra. This would position the
TAV alignment so that if a station were proposed in this municipality, it would be on a
suitable alignment.

Municipality of Porto Real

4.1.19 Porto Real is a growing municipality which has developing industrial areas with important
car industry installations in the north of the municipality (VW, Peugeot with support
companies). They have two urban areas that are split by an agricultural area and
therefore want to avoid disruption to these areas but also have interest in having
reasonable access to a TAV station.

4.1.20 There are also important rail links in this area which provide freight pathways for the
transfer of cars and car parts by rail. It is anticipated that the rail lines will grow in this
area with a link to the north in the future.

4.1.21 This municipality also agrees with Volta Redonda, Barra Mansa and Resendé that the
sensible location for the TAV alignment would pass to the south of this Municipality.

Municipality of Resendé

4.1.22 The municipality of Resendé have plans to develop three main areas to the south of the
city (South-West, South Central and South-East). They displayed plans showing a
proposed expressway running through the south providing a by-pass deviating from and
to Presidente Dutra (BR116) highway. There are plans for expansion of industrial areas
to the west of the city and new residential areas in the south around the new expressway
in all three areas.

4.1.23 This new residential and industrial development is planned to compliment a possible
station to the south of the city and their plans showed an indicative alignment for TAV just
to demonstrate that were accommodating the project in their plans. Their concerns for
possible conflicts with a large military area in the south were also explained.

4.1.24 They were keen to emphasise that the opportunities for the alignment passing to the
south of the city were much greater than the north due to the environmentally protected
areas and the Itatiaia National Park to the north of the Paraíba do Sul river which need to
be separated from the TAV project.

4.1.25 Resendé is a highly urbanised city and is concentrated in large areas around the Paraíba
do Sul river and the Presidente Dutra (BR116) highway. This makes it difficult for the TAV
alignment to pass through the centre of the city and would place a large demand on the
road network in the centre of town if a station were placed centrally. Therefore it was
emphasised that a station out of town would make the road system less congested and
open up areas for future development.

4.1.26 Resendé produced much information in the way of plans and othophotos and presented
their work with the university of Rio de Janeiro to study the future infrastructure
requirements to meet the needs of a fast growing community in the municipality.

4.2 Pre-Quantm evaluation of potential corridors

Pre-Quantm Evaluation

4.2.1 Halcrow have examined potential areas for corridors to speed up the conclusions of the
optimisation process and to prepare and anticipate the likely outcome of the Quantm
results where possible so that there are no surprises which could add time to the
process. This has been done by following up suggestions by the Municipalities, making
site visits, studying drawings, plans and photos taken from Helicopter flights.
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Rio de Janeiro Metropolitan Area

4.2.2 Potential corridors from the proposed terminal station at Barão De Mauá, through the Rio
de Janeiro metropolitan area and into the Baixada Fluminense plain have been studied
from the information gathered and maps and photographs taken from the Helicopter
surveys following along the most likely corridors.

4.2.3 The areas to the west of Barão De Mauá and to the west and north of São Cristovão are
densely populated with residential areas, Favelas, small and large businesses and
industrial installations surrounding the existing Commuter and Metro rail lines. Halcrow
have concluded that there is no potential corridor which can stay at ground level that is
possible without major disruption, expropriation and re-settlement within the Rio de
Janeiro metropolitan area.

4.2.4 If tunnelling is the only option at least for the first densely populated areas from São
Cristovão onwards then we have to consider a choice between potential corridors at
ground level in the outer limits of the metropolitan area where the alignment can emerge
from tunnel and follow a choice of corridors out through the Baixada Fluminense.

4.2.5 Given that this our conclusion, there are two options that have to be considered first. One
option is via the Galeão International Airport on the Ilha do Governador and the other
taking a direct route out of the city without going to the Galeão International Airport.

4.2.6 A study of the direct route has found that unless existing corridors, transmission lines, rail
or road infrastructure are followed their remains the problem of major disruption,
expropriation and re-settlement within the Rio de Janeiro metropolitan area as there are
many densely populated areas in this direction.

4.2.7 The Via Light corridor was the only possibility identified for a direct route and this only
offers limited usage as sections are valued highly as ‘green spaces’ by local residents
and the corridor still has many engineering challenges due to it’s change in elevation,
crossing points and the network of transmission structures and lines that would conflict
with the TAV system.

4.2.8 By comparison a route via the Galeão International Airport allows an alignment to pass
through less congested areas. From São Cristovão a tunnel of approx. 5.5Km would be
necessary to pass under the initial densely populated areas and rail lines before the line
can resurface to cross the Linha Vermelha (Red Line) Expressway onto viaduct and onto
the Ilha do Fundão and Ilha do Governador (Galeão International Airport).

4.2.9 This route still has many engineering challenges in tunnel and through the City University
island but takes an alignment which follows the fringes of the metropolitan area to the
east and north of the city with minimum impact on residential areas.

Baixada Fluminense

4.2.10 The urbanisation, terrain, roads, rivers and railways have been studied across the
Baixada Fluminense plain through Duque de Caxias, Belford Roxo, Novo Iguaçu,
Queimados and Japeri. The alignment from Galeão International Airport will have to pass
through most if not all of these municipalities before it can climb the Serra das Araras
mountain range.

4.2.11 The least conflicting alignment is considered to be to the north of Duque de Caxias,
Belford Roxo and Novo Iguaçu but running along the south of the proposed Arco
Metropolitano Project. This will avoid the main urbanisation areas within these
municipalities by passing to the north and at the same time reducing any conflicts with
the new road project.
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Serra das Araras

4.2.12 The optimisation of the alignment through the Serra das Araras region will be determined
by the pathways that Quantm will find through the terrain model within the engineering
constraints and geometrical limits placed within the model. The elevation has to change
from approx. 5m above sea level on the Baixada Fluminense up to over 400m higher at
the top of the Serra das Araras mountain range over a short distance within the limits of
the high speed line standards.

4.2.13 This will inevitably result in major tunnelling works whichever route is chosen with some
relaxation of the geometric limits which could result in a reduction in speed below 350
Km/h depending on the choices made and the trade off between reduced speed and
added length to provide the best journey time.

4.2.14 Viaduct height particularly in the foothills of the Serra das Araras region is crucial to the
optimisation process as this limits the elevation as it begins its climb into the mountain.
Viaduct height is often limited to reduce the impact on the environment to remove
obtrusive appearances in valleys where visibility from roads and observation points is an
issue. However, in the foothills of the Serra das Araras this will vary greatly.

Vale do Paraíba

4.2.15 The overwhelming conclusion from the municipalities of Barra Mansa, Volta Redonda,
Porto Real and Resendé is that the TAV alignment would be more suited to a position
south of Presidente Dutra where it affects their areas. Halcrow can see the benefit of
providing an alignment for a potential station at some point in the future subject to the
demand studies.

4.2.16 The results of the Quantm optimisation are the driving factor to determine the position of
the alignment as it passes through the Serra das Araras region and enters the Vale do
Paraíba area. However, there are densely populated areas around Barra Mansa and
Volta Redonda which will need to be negotiated and avoided.

4.2.17 The valley to the west of Barra Mansa has steep hills which follow the Paraíba do Sul
closely through to Porto Real which will result in major tunnelling works with a southerly
alignment but will have the advantage of being away from the river plain.

4.2.18 The proposals presented by the municipality of Resendé for the TAV alignment in the
south has many advantages in terms of avoiding densely populated areas, providing
development potential and avoiding environmentally protected areas to the north of the
city.

4.3 Rio de Janeiro Metropolitan Area

General

4.3.1 A study of the Metropolitan area has resulted in the need for the alignment to be
optimised outside of the Quantm model. This is necessary as the area from Barão de
Mauá station to Galeão International Airport is too densely populated to avoid tunnelling
underneath and the alignment is generally fixed as it approaches the airport.

Barão De Mauá to São Cristovão

4.3.2 Halcrow believes that the selection of Barão de Mauá station as the terminal station for
the TAV line is a reasonable choice as it provides the possibilities of rail and bus
interchange facilities and will allow quick access onto the Linha Vermelha (Red Line)
Expressway for reaching other parts of the city and the highway network. It is also
considered to be an opportunity to regenerate this important heritage site and restore the
terminal building.

4.3.3 The approaches to the terminal station are contained within an area of land between
Barão De Mauá and São Cristovão stations and with a road and canal to the north and
the commuter line to the south. This currently includes the old track bed and mostly
occupied with some residential buildings, small industrial buildings and businesses.
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4.3.4 Halcrow are aware of the Governo do Rio de Janeiro plans to develop this area and to
integrate the commuter lines, the Metro line and the Linha Vermelha (Red Line)
Expressway with the TAV Terminal and to provide opportunities for development and
regeneration of this area.

4.3.5 The alignment through São Cristovão station will need to make it possible to provide
interchange platforms with the Commuter & Metro lines. This would also have
advantages when major sporting events are held at the Maracanã Stadium and ease the
congestion at Barão De Mauá.

São Cristovão to Via Light and Novo Iguaçu (alignment variant)

4.3.6 A short section of Via Light would provide the best corridor as part of the solution for a
direct route avoiding the airport. This may be necessary to optimise journey times
between Rio de Janeiro and São Paulo to compete with air traffic. To reach this section
of Via Light a long tunnel (11.55 Km long) would be necessary from São Cristovão to the
Madureira area. Then a section along Via Light would be approx. 13.8 Km before
entering a 4.5 Km long tunnel again under Novo Iguaçu and avoiding the town centre.

4.3.7 More tunnelling would be needed in the north of Novo Iguaçu to avoid densely populated
areas in the north of the municipality until the south of Presidente Dutra (BR116)
highway. The optimisation process using Quantm provides a pathway north of Dutra
through to the foothills of the Serra das Araras region.

São Cristovão to Avenue Brasil (Manguinhos Oil Refinery)

4.3.8 From São Cristovão the TAV alignment needs to enter tunnel under the existing
commuter rail lines and turns north in the direction of the Galeão International Airport with
an 800m Radius curve to achieve an optimum alignment in this direction. It then
continues in tunnel northwards under Rua Senador Bernado Monteiro, under the Favela
Parque Fredia de Sá and Manguinhos Oil Refinery.

4.3.9 Where the alignment passes under the Manguinhos Oil Refinery it has been positioned to
avoid potential settlement of the oil refinery equipment. There may be some settlement
where the alignment passes under the circular oil tanks but this was considered to be
manageable.

Avenue Brasil (Manguinhos) to University of Rio de Janeiro (UFRJ)

4.3.10 The alignment is then considered to pass under the Avenue Brasil before emerging from
tunnel on the north side of the Avenue Brasil in the existing container park. There will
need to be some diversion of the streams in and around the water channels before
crossing the Linha Vermelha (Red Line) Expressway. A section of the Red Line at this
point may have to be raised or lowered to allow the alignment to cross the road.

4.3.11 The alignment passes over the Water Treatment Plant on viaduct and over the Canal do
Fundão onto the University of Rio de Janeiro (UFRJ) island, Ilha do Fundão. The
alignment curves across the corner of the Technology complex adjacent to the Pç.
Samira Nahid Mesquita roundabout and out across the Guanabara bay and back onto
the island to the north of the GOTA building before heading across the channel between
the two islands.

University of Rio de Janeiro (UFRJ) to Galeão International Airport

4.3.12 Still on viaduct, the alignment heads across the Guanabara bay to the Ilha do
Governador and the Galeão International Airport. Between the eastern edge of the island
and the terminal buildings, the elevation drops from viaduct into cut and cover tunnel
adjacent to the airport with a sub surface station positioned between the two terminal
entrances.
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4.4 Baixada Fluminense

Galeão International Airport to Washington Luiz

4.4.1 Because of the need for the alignment to pass under the Airport runway transit area, it is
considered necessary to tunnel beneath the Canal do Fundão. Our pre-Quantm
evaluation has resulted in a preference for an alignment which runs to north of of Duque
de Caxias, Belford Roxo and Novo Iguaçu but running along the south of the proposed
Arco Metropolitano Project.

4.4.2 Therefore the alignment takes a direction to the north of the Canal do Fundão running to
the east of the Washington Luiz expressway. In order to minimise the impact on industrial
and residential areas, an alignment will need to be considered between the mangrove
swamps and the Washington Luiz expressway.

4.4.3 At a more northerly point the alignment will need to turn west and cross the Washington
Luiz expressway near to the River Iguaçu in order to avoid populated areas in the north
of Duque de Caxias.

Duque de Caxias & Belford Roxo

4.4.4 It is anticipated that an optimum corridor will pass to the north of Duque de Caxias and
Belford Roxo close to the Iguaçu river basin and the disused freight rail line, but south of
the proposed Arco Metropolitano Project.

Novo Iguaçu

4.4.5 Continuing west with this corridor it will need to negotiate the medium populated town of
Vila de Cava either to the north or south in accordance with the Quantm analysis. The
terrain begins to get more rugged from here on and the optimisation using Quantm will be
necessary to explore the most suitable route through the landscape and into the foot-
slopes of the Serra das Araras.

Queimados and Japeri

4.4.6 The towns of Queimados and Japeri are located in the foothills of the Serra das Araras,
therefore the alignment will inevitably have a difficult path through the hills surrounding
these locations if it is to avoid the populated areas in and around the centres of the two
towns.

4.4.7 If the alignment passes to the south of Queimados it will also have to cross Presidente
Dutra (BR116) highway and if it takes a less congested route to the north it will have to
negotiate more rugged terrain. The Quantm optimisation will determine this and it is
heavily influenced by the optimum pathways that it finds to climb and pass through the
east facing escarpment of the Serra das Araras up to the mountain plateau.

4.5 Serra das Araras

Serra das Araras to Pirai

4.5.1 The alignment in this area is expected to climb through the foothills of the Serra das
Araras on maximum height viaducts and small tunnels and then negotiate the east facing
escarpment by entering a long tunnel as it climbs at the maximum gradient.

4.5.2 It is unlikely that the alignment will re-surface and affect the centre of Pirai so the
tunnelling will emerge to the west of this municipality.


