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The following analysis proposes a community infrastructure project for

“Residencial Dos Ríos”, a community in the municipality of Ciales of the

Commonwealth of Puerto Rico. As such, this project will present a plan to

develop a green and sustainable community that will positively impact the

municipality of Ciales; both socially and economically. The scope of this

project will include the reconstruction of domestic households with

independent water supply and solar energy systems, commercial expansion

to attract new consumers, and an educational center along with

recreational areas to attract a more socially enhanced community. It will

also include the construction of a channel that will prevent the adjoining

river from flooding the community and will double as a source for

hydroelectric power. Finally, a smart self-sustaining transportation

infrastructure that integrates the community’s geographical topography

will create a secure and potential local tourist destination that will be an

economic boon to the entire municipality.

On September 20, 2017, Hurricane Maria ravaged Puerto Rico’s

infrastructure. Even though much has been mended, not everything nor

everyone has been able to fully recover from this tragedy. One such

community is “Residencial Dos Ríos”, located in the municipality of Ciales,

Puerto Rico. As many of the central areas in Puerto Rico, which are

predominantly mountainous, this community suffered greatly when the

ever-treacherous Manatí River overflowed producing floods which gave

rise to rescue missions to the members of this community even though

much of the municipality wasn’t affected by these floods as a result of its

higher topography.

Ciales is now an up-and-coming municipality and is highly praised by its

natural beauty and surroundings. Approximately 15,800 people are

currently living in Ciales and most of its population demographic are of

productive working age; between the ages of 18 and 65 (U.S Census

Bureau, 2019). It is a prime area for leisure and recreational commercial

activities which can exploit its surrounding geography for a business plan.

However, “Residencial Dos Ríos”, just outside the town center, remains as a

segregated community that is still a risk for all residents.

As such, this Senior Design Project will aim to develop “Residencial Dos

Ríos” into a smart, green and sustainable community that will not only

provide a sense of security and stability to all residents but will also turn

into a destination for investors and visitors. In turn, what was a weak link to

this beautiful up and coming municipality, will become a great attraction of

prosperity for the future of Ciales.

3. Develop a project proposal plan.

• The following image is an AutoCAD design (on top of a satellite

map) proposal for this project’s community. This includes all the

layout of the proposed elements such as new residences,

commercial center, school, canalization, improved intersections,

recreational areas, and more.

4. Design and develop the proposed elements of the project.

• It includes infrastructure improvement resilience such as:
mitigation of river flooding, environmental impact assessment,
design of efficient drainage system, improvement of local roads
and resilient access & intersection, diversity of wastewater
management, diversity of solid waste management, diversity of
water supply, diversity of electrical power, and modern and
efficient network communications implementation. It also
includes designs of new resilient sustainable & smart structures
such as the commercial center, new residences, school, and
recreational areas.

The following table summarizes the cost estimates of the entire project
plus some additional costs:

U.S Army Corps of Engineers. (2020). RIO GRANDE DE MANATI FLOOD RISK MANAGEMENT STUDY, CIALES, 
PUERTO RICOINTEGRATED FEASIBILITY REPORT AND ENVIRONMENTAL ASSESSMENTFLOOD RISK 
MANAGEMENT STUDY. Ciales, Puerto Rico.

U.S Department of the Interior, U.S Geological Survey. (2020). United States Geological Survey. Retrieved from 
USGS Current Water Data for Puerto Rico: https://waterdata.usgs.gov/pr/nwis/rt

U.S. Department of Transportation - Federal Highway Administration. (2009). Manual on Uniform Traffic Control 
Devices (MUTCD). Retrieved from https://mutcd.fhwa.dot.gov/htm/2009/part1/part1a.htm#section1A13

U.S. Department of Transportation. (2019). Technical Advisory. United States: Federal Highway Administration.

United States Environmental Protection Agency. (2007). Construction Waste Management . United States 
Environmental Protection Agency.

US Army Corps of Engineers. (2020). RIO GRANDE DE MANATI FLOOD RISK MANAGEMENT STUDY. Ciales, Puerto 
Rico.

INTRODUCTION

Prof. Balhan Alsaadi, PhD, PE – mentor, advisor, professor, and 

supporter. 

The proposed work for the Senior Design Project is as follows:

- The channelization of the Manatí River to completely mitigate any
flooding unto the developing community and the development of a
retention pond to mitigate the stormwater flow developed inside the
community.

- The modification and design of a new potable and residual water
infrastructure which also includes independent water distribution supply
systems in case state services should fail.

- The modification and design of a new transportation infrastructure
which includes new roads, paving, smart intersection designs and the
building of a new access bridge.

- The development of new high-quality public and private housing for
local and future residents to the Dos Rios community.

- The development of a smart commercial building which includes
commercial and office spaces which will develop economic activity.

- The development of a new local elementary and high school with high-
end facilities on par with the smart-city concept.

- The installation of a state-of-the-art sustainable energy system using
renewable energy sources such as solar power and a hydroelectric plant.

- The development of recreational areas and sports facilities to maintain a
healthy community and youth development.

METHODOLOGY

1. Locate and study the project site.

• Project Location

2. Study and establish the current existing infrastructure.

• This study includes: highways, intersections, bridges, local

roads, water supply and wastewater management, drainage

system, potable water system, energy system, network

communications, and houses and other facilities such as

schools, hospitals, recreational areas, commercial and

businesses, and industries

CONCLUSIONS

At the conclusion of this Civil Engineering Design Project, all original and modified
objectives therein were able to be completed. The finalization of all proposed tasks for
have enabled the development of a real-world project where a smart city concept was
proposed and designed for a social and economically disadvantaged community.

The community selected for such a task was the Dos Ríos Community in Ciales, Puerto
Rico whom after the passing of hurricane María, suffered enormous losses to their
infrastructure, businesses and residences. The main cause of these damages were the
floods caused by the Manatí River which has long been infamous for this same reason. As
such, after considerable analysis and mentorship, the following plan designed to develop
this community will benefit in:

• The primary risk/hazard elimination which was the overflooding of the community.
This will create a safe self-sustainable smart blooming community.

• New and modern water systems that can assure potable water and proper pluvial and
wastewater management distribution designed to withhold population growth for the
future of the community.

• New roadway system along with redesigned intersections and a proposed bridge to
mitigate traffic jams and vehicular overflow.

• New high-quality residences that may attract a new generation of people and aid with
the economic boost and growth of the proposed community.

• Commercial and business overflow for a social an economic boon with modern state of
the art facilities.

• Educational advancement to give the young the things they need in order to develop in
an orderly, sequential way into members of society.

• Reliable, modern, clean energy system to assure the community stable energy and
avoid power outrages.

• Recreational areas and sport facilities to maintain a healthy community and youth
development.

The implementation of these designs will help develop this community into a smart and
sustainable community; both socially and economically into the future.

ENGINEERING VALUE

The elimination of flood risks and actual damages to poor-conditioned structures and
infrastructure would reduce required recovery spending, enabling additional money
investment to enter other sectors of the local economy due to initial low-cost property
value low property damage risks which in turn lesser costs for insurance premiums.

A steady infrastructure would also give assurance of efficient daily operations, specifically
in terms of energy and water supply. Commercial and Residential development would
additionally create jobs and increase spending and living opportunities in the community.
Job creation due to commercial and development combined new high end residential area
development could also attract working population to the community.

In conclusion, a return investment to break even and see positive net returns could come
at a medium to long term timetable after construction reaches 100% completion.

Advisor: Prof. Balhan Alsaadi7, PhD, PE - 1,2,3,4,5,6Senior Student, Civil Engineering Program. 7Professor, Department of Civil and Environmental Engineering and Land Surveying 

The following images present some
findings such as the community’s main
intersection, a new bridge near the
community, the drainage area of Rio
Grande de Manatí river, local roads
network, borings taken by the US
Army Corps of Engineers, and an
image of the location of the
community’s wastewater treatment
plant. Some advantages that this
project offers is that the community
will be of low maintenance and
operation cost, energy efficient, it will
have water and material efficiency, as
well as an enhanced economic boost.
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$23,569,981.58

$23,569,981.58

$23,569,981.58

$7,856,660.52

$9,427,992.63

Total: $143,273,009.9 + $13,860,200.63 = $157,133,210.5

Total with added cost: $252,984,468.9

Mobilization: (5%)

Contractor Fees: (15%)

Contingencies Fees: (15%)

Insurance Fees: (15%)

Maintenance: (5% each yr)

Engineering Value: (6%)

$7,856,660.52

https://waterdata.usgs.gov/pr/nwis/rt
https://mutcd.fhwa.dot.gov/htm/2009/part1/part1a.htm#section1A13

