ABSTRACT

Since the end of the 19th Century, interest has grown
in building communication systems based on underwater
communications cable installations in the great rivers of the
Amazon basin. The current preferred technology employs
digital communication. This article describes the planning,
deployment, and operation of subfluvial fibre optic commu-
nication cables in the Amazon Basin of Brazil, where the
major rivers are long and navigable.1. Introduction

1. INTRODUCTION

The Amazon river basin in South
America covers an area of 6.8 million Mo f;:;u e
km?2 (2.4 million square miles), equiva- s i
lent to 35.5% of the total area of South
America. It includes parts of the follow-
ing countries: Bolivia, Brazil, Colombia,
Ecuador, Guyana, Peru, Suriname, and
Venezuela, as well as the territory of
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French Guiana. The waters of the Ama- i

zon Basin flow into Brazil and the Atlan-

tic Ocean as the Amazon River, providing T
about 20% of the freshwater input into g PACKHC

the world’s oceans. Ocean-going ship- ot ma
ping can travel far upstream, especially

to Manaus. Many of the major Amazon
rivers are navigable for up to thousands of

kilometers, and highways and bridges are

uncommon, with few exceptions.
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Within Brazil, there are no road bridges crossing the
main Amazon river. Until 2013, electricity was locally
generated from fossil fuels. This changed with the construc-
tion of a high-voltage 2km aerial connection across the
Amazon River, using 300-meter pylons to avoid interfering
with shipping traffic. This brought reliable electrical energy
to cities north of the Amazon River, especially to Manaus,
the capital of the state of Amazonas and the major regional
center in northwest Brazil.

Telecommunications have also been a challenge in much
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of the Brazilian Amazon. Fixed
landlines are quite rare, so radiocom-
munication is the alternative. The
most common solution currently in
use is satellite radio, which is rela-
tively expensive. Therefore, cheaper
solutions are needed for both voice
and data. Services like these are con-
sidered necessary today. Fortunately,
the authors of this report began their
studies on the use of underwater fi-
bre optic cables to solve the problem
of providing broadband connections
between locations separated by water,
often reported in special cases in the
literature of that time.

Soon after, the authors began
to examine the alternative of a festoon topology, typically
tollowing the course of a river, with landing points at con-
venient locations along the river where communication ser-
vices could be made available. However, perhaps the greatest
impact on our thinking was discovering that an extremely
similar solution had already been implemented in 1895/6.
'This provided telegraph services during the heyday of what
has come to be known as the Victorian Internet. This Vic-
torian Internet, as titled in the 1996 book by Tom Standage,
refers to the enormous worldwide expansion of electric tele-
graph communication, including the vast use of underwater
cables for spanning the oceans. For the very first time, global
communication could occur within a matter of minutes or
hours, providing communication around the world.

It was during this period in the second half of the Nine-
teenth Century that a UK company created the Amazon
Telegraph Company (ATC). Licensed by the Brazilian
government, they operated telegraph services along the Am-
azon River and some of its tributaries between Belém and
Manaus, a river distance of around 1650 km. The aim of the
cable was to provide fast communications between Manaus,
the center of an important region of rubber exploitation, and
international commodity markets in Europe and the USA.

'The resulting cable was installed by Siemens Brothers of
London and operated until 1945 when the license expired.
For a description of the conditions under which this cable
was laid, we are indebted to Alexander Siemens, of Siemens
Brothers Ltd of London, who was personally involved in
the laying of the cable in 1895-96. Siemens’ account of this
expedition may be found at https://atlantic-cable.com/Cables/
1895ParaManaos/index.htm.

The company, ATC, existed for 50 years, although Bra-

zilian rubber became less important after the British began
cultivating their own rubber plantations in the Far East,
developed from Brazilian seeds. In addition, the emergence
of wireless telegraphy to Manaus rendered the underwater
cable route redundant.

2. PLANNING AND TESTING THE MODERN OPTICAL FIBRE NETWORK

Unlike the 1895 cable, where the laying of a standard
ocean telegraph cable was conducted by a convention-
al cable-laying ship, in the 21st Century, with no prior
experience of large-scale fibre optic (FO) cable-laying, the
Brazilian engineers involved had to start from scratch.

One of the first activities was to identify potential rivers
that could be used for laying cables. European colonists,
mainly from Portugal and Spain, have had more than 500
years of contact with Amazonia, and its geography, espe-
cially its rivers, is well-known.

An initial proposal for the rivers potentially to be used is
shown in the following map, which largely coincides with
current intentions.

A. Belém — Macapa — Manaus: 2,030 km, (mostly) along
the River Amazon (marked in red);

B. Manaus — Iauareté (border with Colombia), 1,384 km,
along the River Negro, (green);

C. Panacarica — Pacaraima (border with Venezuela), 744
km, along the River Branco (yellow);

D. Manaus — Tabatinga (border with Peru and Colombia),
1,696 km, along the River Solimées, (orange);

E. Itacoatiara — Porto Velho, 1,115 km, along the River
Madeira (blue);

F. Macapd — Oiapoque (border with French Guiana), 815
km, along the Atlantic
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The center of these activities was the city of Manaus, the
capital of the state of Amazonas. It is home to the Army’s
Communications Centre for western Amazonia and the
newly created headquarters of the program, Connected
Amazonia. The availability of subfluvial fiber optic cables
could improve both public and private communications
in the Brazilian Amazon, and potentially in neighboring
countries.

Initial experimental studies were car-
ried out by army engineers in the Negro
River, which flows through Manaus. By
2014, preparations had been made to lay
a 424 km connection between Manaus
and Coari, upstream on the Solimdes
(or Upper Amazon) River. This was later
extended a further 247 km upstream to
Tefé by 2016. These initial steps were
seen as positive for both the installation
and use of subfluvial cables.

It’s noteworthy that different Amazon
rivers have w aters of varying turbidity
and colors, depending on the origin of
their waters. The greatest volumes of
water come from the Andean mountain
ranges in Colombia, Ecuador, and Peru.
'This water is very turbid, making it diffi-
cult for divers to work easily underwater.
Other Amazon tributaries originate to
the east of the Andean mountain chain, where the water is
transparent. The contrast is clearly seen at Manaus, where
the turbulent yellow waters of the Solimées River meet and
mingle with the bluish-black water of the Negro River.

3. PAIS: PROGRAMME FOR AN INTEGRATED AND SUSTAINABLE
AMAZONIA

The Connected Amazon initiative was maintained
until 2021 when a more ambitious program, PAIS: Pro-
gramme for an Integrated and Sustainable Amazonia, was
announced. This initiative aimed to build on the results
of the Connected Amazonia initiative, also involving the
military and government agencies such as the Ministry of
Communications. The National Research and Education
Network (RNP), which provides networking services for
education and research and connects internationally to the
global research and education network, was also included.
Importantly, PAIS intended to set up a sustainable com-
munication system for Amazonia, including providing both
government and commercial services to its users. To provide
these commercial services, private companies were invited
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to participate in PAIS, providing network services to their
users. The plan was to use subfluvial cables with 48 cores, of
which 12 are reserved for government use.

L. THE TOPOLOGY OF THE PRODUCTION CABLE NETWORK

The topology has two main parts, as illustrated on the
accompanying map:

* A tree structure rooted in Manaus, currently planned to
have six branches, connecting traffic to all the rivers in
the region.

* A linear connection from Manaus to the Atlantic Ocean
at the mouth of the Amazon River, near Macapa, with
a continuation to Belém, which is well connected to the
national telecommunications network.

This map refers to the proposed set of routes:

1. PAC 01 and 02: showing the original routes developed
in Connected Amazonia, where PAC 02 includes the
more recent extension from Manaus to Sdo Gabriel da
Cachoeira.

2. New routes (infovias) included in the PAIS program,
numbered from Infovia 0 to Infovia 6, and Infovia

Production
(
Key to state abbreviations: AC = Acre, AM = Amazonas,

AP = Amapi, RO = Rondoénia, RR = Roraima )

All the routes and the corresponding endpoints, distanc-
es and rivers used.



» PAC 01: Manaus, AM —Tefé, AM, 672 km, River Solimées
* PAC 02: Manaus, AM — Sido Gabriel da Cachoeira, AM,
1001 km, River Negro
* Infovia 00: Macapd, AP — Santarém, PA, 770 km,
River Amazonas
* Infovia 01: Santarém, PA - Manaus, AM, 920 km,
River Amazonas
* Infovia 02: Tefé, AM — Tabatinga, AM, 645 km,
River Solimaes
* Infovia 03 Macapi, AP — Belém, PA, 600 km,
West side of Marajé Island
* Infovia 04 Moura, AM - Boa Vista, RR, 550 km,
River Branco
* Infovia 05 Itacoatiara, AM — Porto Velho, RO,
1465 km, River Madeira
* Infovia 06 Manacaparu, AM — Rio Branco, AC,
2160 km, River Purus
* Infovia 08 Tabatinga, AM — Cruzeiro do Sul, AC,
2750 km, Rivers Solimées and Jurud
Total distance: 11,673 km

9. STRUCTURE AND OPERATION OF AN INFOVIA

* Each optical cable contains 48 fibers, distributed among
four tubes, each containing 12 fibers.

* One tube (12 fibers) will be reserved for exclusive use by
the Public Sector.

* PoPs (Points of Presence in containers) will be installed
at each town or city served access point.

* Each PoP will provide an external cable connection for

telecommunication service to the local service provider(s).

* DWDM systems ready for use with the possibility of
up to 40 optical channels installed in one of the pairs of
optical fiber reserved for public use.

6. A NEW APPROACH TO MANAGING TRAFFIC
MODEL FOR THE NEUTRAL OPERATOR OPEN CONSORTIUM

'The Open Consortium of each Infovia will initially be
formed by a minimum of three consortium members and is
open to further participation by new consortium members
at intervals of at least one year. RNP will initially grant to
each consortium member one fiber pair (potentially increas-
ing to two fiber pairs) for their own use and/or commercial
exploitation by the consortium member, which will light up
its fiber pair(s) and adhere to the Neutral Operator Open
Consortium Open.

In return for the grant of Right of Use of the Optical
Fiber Pair(s), the consortium member will be responsible
and contribute, proportionally to their number of fiber

pairs, to the total cost of operation and maintenance of the
Infovia (destined for both the Private and Public Sectors).
Participation is welcome in the Neutral Operator Open
Consortium, and members may be companies’ associations
and foundations usually telecommunications service provid-
ers licensed by ANATEL by concession or authorization.
Additionally, and exceptionally, it will also be permitted for
companies to form alliances. This model was extensively
discussed with interested participants.

CONCLUSION

We have described here an ongoing program of the
Brazilian government to provide low-cost telecommuni-
cations infrastructure over a vast area of the country, using
over 10,000 km of subfluvial telecom cables laid in the
major rivers of the Amazon River basin within the country.
To understand the significance of this, consider that this
length of cable is nearly twice as long as the approximately
6,000 km of telecommunications cable recently installed
between Brazil and Portugal, designed to provide modern
communication between Europe and South America. In-
terestingly, both projects took about ten years from con-
ception to offer of service.

One aspect of the opportunities created by the Brazilian
project is the interconnection of subfluvial digital commu-
nications between neighboring countries that adopt this
technology. For example, progress has been made in Peru
to provide communications on rivers connecting Iquitos
to the national digital grid, and also for linking mainland
islands located in Lake Titicaca. Another region of possible
interest is Ecuador. STF
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