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1. INTRODUCTION

With the growth of the demands of present urban com-
munities, and starting from the premise that preventive ac-
tions are always more efficient and economically more via-
ble than the remediation ones, it has been demonstrated 
the necessity to perform a more effective planning, which 
captures the desires of a diversifying society, such as the 
modern one. In many aspects, this planning must take into 
consideration the demand for integration of many policies, 
plans, and projects, besides the participation of various 
agencies from public administration, and their respective 
competencies. 

Recently, the necessity for planning and the integration 
of the relevant urban issues, such as the adequacy of proper 
sanitation, the management of solid waste, and drainage 
plans took the federal government to demand the Brazilian 
municipalities to design their respective Municipal Sanita-
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tion Plans, giving an emphasis to institutional integration of 
Environmental Sanitation, including the provision of water, 
sewage system, pluvial water management, and solid waste. 

Together with the demands of gradual expansion of the 
fields of municipal administration, there is an increase in the 
challenges the local agencies have in managing and opera-
ting all these systems. The cities are facing crescent difficul-
ties in managing and planning, thus being required to get 
equipped and trained to perform the vast number of new 
attributions. This occurs at the same time they live with the 
notorious lack of resources and trained staff to properly res-
pond both the new and the old responsibilities. 

In regards to the management of water resources, it is a 
competence linked to the state agency (in Rio de Janeiro, the 
INEA), and to the Committees of Hydrographic Basin, besi-
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des these committees are not directly responsible for crea-
ting legislative pieces to respond to fundamental questions 
in order the management is fully functional, thus leading to 
a not so effective presence. The aspects, such as the mana-
gement of land use, solid waste, and urban drainage belong 
to the municipal competence (INEA, 2014). 

Except from the work of some committee of the most im-
portant basins, and even with a Basin Plan, the planning and 
performance of actions and measure is performed prima-
rily by the state agency, except for the federal rivers. On the 
other side, few cities have specific agencies to manage water 
resources, in which drainage is part of the responsibilities 
of a pubic construction and/or public services department. 

According to Canholi (1995), drainage is basically a matter 
of allocation of spaces and the prioritization of “sanitation” 
measurements by transporting the problems from the city 
downstream. For many times, the rivers transcend the geo-
political-administrative limits of the cities, and sometimes 
states, thus drainage must be considered as a regional ap-
proach system, being the hydrographic basin the basic unit 
for planning. 

The proposal to plan an urban basin, taking into account 
the issue of flooding, is linked to the perception that are 
both issues to be solved and opportunities to be explored 
(Prefeitura de São Paulo, 2012). Drainage is part of the urban 
infrastructure and its planning must be multidisciplinary and 
compatible with other plans and projects of the segments 
involved in public (and private) service, especially those ai-
med and/or that have an interface with urban waters ma-
nagement. This alignment must always occur in issues that 
involve the need of an integrated action of the spheres of 
governance, aiming to prevent and/or minimize the floods, 
as well as in the delimitation of the protective marginal band 
of river bodies. It is important to have a consonance with the 
zoning plans, municipal directory plans, and other correla-
ted documents. 

As preponderant factors in the planning of urban draina-
ge there are environmental sanitation, besides the social, 
political, economical, institutional, and administrative is-
sues. The definition of drainage in more sustainable basis 
consists in giving privilege, in the structuring of the planning, 
the emphasis that large constructions and interventions are 
not necessarily a priority, giving more emphasis to non-
-structural measures (Canholi, 1995), in special considering 
short- and medium-term horizons. 

These non-structural steps include various types of ac-
tion, such as those that implement the conservation and 
the recuperation of the natural environment. The aspects 
of systemic order are prioritized, such as the increase of 
permeable areas in the basin to promote more infiltration, 

more retention in the source, besides trying to reduce the 
erosive and silting processes. Its main purpose is to hold 
and/or reduce the run off, to increase the natural capacity 
of basin damping, thus reducing the consequence of flow 
peaks, avoiding the simple transference of impacts and is-
sues of the floods to the upstream, which usually happen 
when prioritizing constructions that increase the speed of 
flow and reduce the time of concentration in the basin. 

The zoning of potentially flooded areas and the delimita-
tion of protected marginal bands are other mechanisms that 
can be used. According to Tucci (2010), through the delimi-
tation of areas due to the risk of flooding, it is possible to es-
tablish a zone and a respective regulation for construction, 
or ultimately, a complete prohibition. This type of approach 
also considers other aspects not less important that the pre-
sented ones, such as the improvement in management and 
maintenance of the system, besides a higher participation of 
the community covered. 

On the other side, the use of this model does not necessa-
rily imply in a total suppression of structural measurements 
that may be required. Structural measurements are defined 
as those corresponding to constructions and physical inter-
ventions that can be implemented aimed to the correction 
and/or the prevention of issues originated from floods, and 
also include other actions, such as increase of section and 
retilinization of rivers, implementation of damping structu-
res, diversion tunnels, among others. (Canholi, 2005). 

In a general sense, the costs of protection of a flooded 
area through structural measurements are higher than the 
non-structural ones. According to Walesh (1989), the esti-
mated cost of structural measurements related to the pro-
tection against flood of an area corresponding to a third 
of a basin was, in average, the cost of protection by non-
-structural measurements of the rest of the area of the same 
basin. Canholi (2005) supports that, on one side, a certain 
structural procedure can create a false sensation of security, 
leading eventually to a higher permissiveness in permitting 
a higher occupation rate in the flooded areas, which in the 
future can result in significant loss and damage. 

Still according to Canholi (2005), non-structural actions 
look to discipline land occupation, the behavior of consump-
tion of people, and the economic activities. They include 
the mechanisms present in legislation, rules, and manage-
ment to fulfill the objectives, principles, and strategies, as 
for example, the regulation of the use and occupation of the 
land, the implementation of alert systems and flood fore-
cast, and the consciousness of the population to keep the 
drainage devices in a good state. 

The present study presents a case of municipal mana-
gement and planning, with a focus on the water resources, 
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giving privilege to the aspects of local competencies, such 
as pluvial drainage and land use and occupation, as well as 
steps based in a broader sense of sustainability. 

When dealing with projects aimed to urban drainage, 
it is seen there is no availability and/or sufficiency of river 
data. Therefore, it is necessary to perform the mathematical 
analysis to define the parameters of the project in a non-em-
pirical format, using simulations and models for this purpo-
se. These models are fed in the beginning by physiographic, 
rainfall, and hydrological data, thus generating flow and de-
flution data required to subsequent hydraulic simulations. 
These models permit to prevent and study scenarios that 
can come to reality due to a number of factors, variation of 
parameters, such as time of reoccurrence, or even the result 
of a certain intervention in the basin. 

In the present study, the specific objective was to observe 
the viability of the use of hydrologic and hydraulic model as a 
planning tool, using it to evaluate the impact of non-structural 
interventions in a real drainage basin of Viana Channel, part 
of the Trapiche River Basin, located in the town of Itaguaí. 

General considerations about the area of the project

Located at the margins of Sepetiba bay, and having the 
largest port of the state of Rio de Janeiro, Itaguaí is a muni-
cipality in full development. It presently counts with large 
public and private investments, especially due to its strategic 
location, once it is placed between the two largest metro-
polis of Brazil. The demographic growth rate is one of the 
highest of the state and the country (IBGE,2010). However, 
in important requisites the municipality of Itaguaí does not 
have a proper urban structure, being the sanitation system 
yet too precarious. The city has a HDI score of 0.715, in the 
1,475th position of the rank, against all cities of Brazil (PNUD, 
2010). 

As there is no sanitary sewage system from the absolute 
separator system, the effluents flow to the local rivers (CE-
DAE, 2014). The demand for water is repressed, being con-
siderably higher than the offer, according to data from local 
town hall. In the case of a higher offer of water, the ten-
dency is the considerable increase of the flow of effluents. 
Without the implementation of a sewage system, this effect 
will certainly lead to a worst deterioration of the environ-
mental quality of water bodies, which are already noticeably 
compromised. 

In regards to the solid waste, there is regular garbage col-
lection, being the final destination presently done in the lan-
dfill located in the neighboring city of Seropédica (Prefeitura 
de Itaguaí, 2014). Itaguaí belongs to the hydrographic region 
of Guandu River. 

Its main drainage basins are the Itaguaí River, the Mazom-
ba-Cação River, and the Trapiche River, all flowing directly or 
indirectly to Sepetiba Bay. Besides they do not have a fame-
work, the water bodies mentioned are not monitored, and 
there is a considerable lack of information regarding them, 
except for the Mazomba-Cação River (INEA, 2014). 

With almost 100% of its basin of 9 km2 waterproofed, the 
Trapiche river has in its main course, around 5 km, inserted 
in the central region of the municipality, exactly where is lo-
cated the administrative and commercial center of the city. 
Its margins and tributaries are almost completely occupied 
with informal buildings. 

The landscape and the physiographical conditions, which 
add steep mountains upstream and sea-level plains, with 
low alveolar slope, allied with an elevated rainfall intensity, 
generate flood peaks in relatively short periods of concen-
tration. 

The elevated degree of waterproofing and the occupation 
of river banks and nearest areas due to the process of un-
controlled and unplanned urbanization contribute to create 
a scenario that is likely to flood, as observed in the history 
observed, there is a tendency to believe they will become 
more intense and more frequent. The situation is worse 
when these events are associated to an elevate sea level of 
the main water body receiver, the Sepetiba bay.

2. METHODOLOGY

This research was supported in the development of an 
initial step, related to the calibration of a model to be used 
in the design of a drainage plan for the whole basin, which is 
made by the three rivers previously mentioned.

Having a general base chart in hands, the sub-basins were 
defined, considering the topographic divisions. Then, it was 
analyzed the typology of the characteristic areas of each 
sub-basin, from certain parameters.

It was considered aspects such as the predominance of 
land use (if rural or urban), degree/level of occupation of the 
margins and longitudinal angle of the main thalweg. For this 
purpose, preliminary available topographic and bathymetric 
data was used, as well as tools such as Google Earth’s Street 
View, besides a considerable amount of photographical doc-
umentation from the location.

Due to its higher complexity, it was decided to take as ini-
tial reference for the present study the observation of the 
basin of Trapiche river. To better understand and analyze, it 
was divided in three smaller basins, according to the main 
tributaries. These sub-basins were named according to the 
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rivers/channels that compose them: basin of the channel 
of the Engenho district, Viana channel, and Trapiche river 
itself, with total areas of 3 km², 2,5 km², and 3 km², respec-
tively. 

Later, they were again subdivided, according to the defi-
nition of notable points (“knots”), in which specific points 
were chosen arbitrarily, such as bridges/section bottle-
neck, confluences, and affluence of the bay/external con-
tribution. In the basin of the Trapiche river were found a 
total of 18 different sections. 

Considering the Viana channel one of its main tributar-
ies, as well as its larger amount of data for an initial model 
of the scenarios, it was adopted as pilot and base for mod-
eling suggested by the present research. 

To continue building the necessary models, and to ana-
lyze the sections of the river and the area of study, it was 
defined as hydrological model the rain-flow transforma-
tion, acquiring the data from the resulting hydrograph of 
the effective rain, calculated by the SCS Runoff Curve Num-
ber method. The rain-flow transformation was performed 
by the SCS single hydrograph method. For the periods of 
reoccurrence of rain during the project, it was defined a re-
turn period varying from five to 50 years (five, 10, 25, and 
50 years), common in urban drainage studies. 

For the hydrological model, the present study used the 
hydrological simulation software HEC-HMS, from HEC (Hy-
drologic Engineering Center) systems, developed by the US 
Army Corps of Engineers, vastly widespread and used in 
projects of this nature. It is a free software, which makes 
it considerably easy to be used. From the entry data, such 
as the projected rain, physical and hydrologic parameters 
of the basin, and hydrological information of the model se-
lected, the chosen software calculated the excessive pre-
cipitation and simulated the rain-flow process. 

For the hydraulic simulations, it was used the HEC-RAS 
software, also developed by the US Army. Based on the 
available topography, it was analyzed the flow capacity ac-
cording to the gutter, bottleneck points, and other charac-
teristics that directly influence the hydraulic performance 
of each studied section, including the evaluation of back-
water, and natural damping of the water body. 

From the models and the cartographic base, a digital ter-
rain model (DTM) was built. The DTM was generated using 
the ArcGIS 10.2 software, from the equidistant curves set 
in 1 meter, and points provided from a topographic base 
acquired from the software Global Mapper, using IBGE car-
tographic bases. 

From the definition of the development model of the 
hydrologic and hydraulic study, as well as the maximiza-
tion of its usage, a preliminary evaluation was performed, 
using a pilot area from the basin of Viana channel. 

Then, the comparison of the present baseline and fu-
ture scenarios took place, which can be reached from the 
planning and adoption of certain procedures aimed to im-
prove the conditions for basin’s drainage, minimizing the 
resulting flood spots and risks for flooding. It was consid-
ered that these improvements can be reached from the 
increase of infiltration rates and damping of the basin as 
a whole, through the adoption of non-structural interven-
tions. 

To subsidize this simulation, starting from the premise 
that the use of instruments such as zoning of risk/flood 
areas, creation of linear city parks, and the incentive to 
measures that protect and/or reinstate the riparian for-
est and other forest cover can lead to an increase of the 
infiltration area in 50% of the total area of the basin. Such 
infiltration also had a side effect by reducing significantly 
the CN measured in areas of the basin of Viana channel, 
which in the present scenario has a CN rate of 95% in the 
waterproofed basin. With the change in CN, it was possi-
ble to observe and to evaluate the results in the hydraulic 
model. As a safety factor, it was not considered a reduc-
tion in the permeability of the external contributing basin 
to the Viana channel. 

Simulations took place for this basin using the referring 
rain results on the extreme TR, which means, from five to 
50 years. Thus, it was possible to evaluate its behavior for 
the minimal and maximum flow estimated in the channel 
under investigation.

3. SYNTHESIS AND COMPARISON WITH THE RESULTS 
FOUND

The data acquired from the model and comparison of 
the two basic scenarios observed (Chart 1) indicate that 
with the increase of infiltration predicted for the basin, 
there was a clear reduction of the drainage flow in all 
sections studied, except for the section referred as exter-
nal basin (VI-01), as it was kept under the same present 
waterproofing conditions. Considering the total drained 
flow, and the run off from downstream, only the increase 
of permeability/infiltration was responsible for the reduc-
tion of around 20% of the flow related to the rain, corres-
ponding to the rain with reoccurrence period of five to 50 
years, respectively.
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 Chart 1 - Flow rates observed by section of the Viana channel for 
TR from five and 50 years

Characteristics of the Basin 
of Viana Channel

Scenario 1 
(present)

Scenario 2 
(50% water-

proof)

Knot Des-
cription

Drainage area 
(km2)

Q5 
(m3/s)

Q50 
(m3/s)

Q5 
(m3/s)

Q50 
(m3/s)

1 VI-01 0.90 12 18.5 12.0 18.5
2 VI-02 0.29 5.1 8.6 3.1 5.8
3 VI-03 0.62 12.8 2.4 7.7 15.7
4 VI-04 0.80 16.4 28.9 9.9 20.2
5 VI-05 0.12 2.4 4.3 1.4 3.0
6 VI-06 0.02 0.4 0.6 0.2 0.4
7 VI-07 0.06 1.3 2.2 0.8 1.5
8 VI-08 0.22 4.5 7.9 2.7 5.6
9 VI-09 1.03 37.7 65.2 31.1 55.8

However, this decrease does not show itself enough to 
mitigate the generated flood spot, once the water lines cor-
responding to the extreme rain scenarios adopted in the 
model (for five to 50 years) extrapolate in every dimension 
the capacity of flow of the water body under investigation 
(Images 1 and 2). 

Image 1 - Water lines for 95% waterproof of the basin of Viana 
channel (present scenario)

Image 2 - Water lines for 50% waterproof of the basin of Viana 
channel (future scenario)

The most critical section identified was located bet-
ween the Emiliano Neri Street and Professor Luis de Souza 
Street, where the water lines predicted indicate significant 
overflow for both periods of reoccurrence investigated. 
Therefore, in parallel it was necessary the use of structural 
procedures in these locations. Such adequacies aim to in-
crease the capacity of flow in critical areas, from interven-
tions as the increase of river gutter, suppression of existing 
bottlenecks, among others. 

Even with the necessity to provide outflow for higher 
peaks, the sessions located downstream do not presented 
more issues, seen by the good capacity for drainage of the 
gutter in these places, where the local government performs 
periodical dredging.

4. CONCLUSIONS AND RECCOMENDATIONS

Despite the results are considered preliminary, and are 
focused on a specific segment of the whole basin, it can be 
observed that the methodology and the model used ans-
wer the basic demands of a more generic study with the 
characteristics of a Plan, and they can work as the base 
for the whole project. The data acquired by the present 
diagnose – based on the methodological script presented 
– has demonstrated to be pertinent and consonant to the 
information gathered from technicians who work for the 
city hall and the residents interviewed by the field research 
teams. The methodology has found to be agile and easy to 
manipulate. 

Notwithstanding it is important to highlight that the model 
presents some restrictions, as for example, the necessity of 
a larger number of control sections and a higher precision of 
this information. Therefore, in the model, it is necessary to 
include other elements, such as the influence of the various 
levels of the tide of the receiving water body, and the inter-
ventions that change the characteristics of the run off, such 
as preventive dredging performed by the local government. 

The many scenarios passible to be generated can create 
the limits to improve planning, and to define the priorities 
and the decision making process. Through the pilot model 
of the main area of the project was possible to identify the 
existence and location of critical places of Viana basin, com-
patible with the observations made in field visits performed 
until the present time.

It was also observed that the main drainage issue of this 
basin – the overflow in certain locations – was seen in the 
upstream section, exactly where it is most densely occupied. 
This area is characterized by its riversides almost completely 
occupied by edifications, besides a large concentration/pre-
sence of sewage effluents in the drainage system.
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If the present model of disorganized occupation, without 
any control of the land use in the basin, specially nearby the 
riverbank, the processes of higher densification and water-
proofing, with crescent number of bottlenecks, besides the 
undesired collateral effects, such as the increase of silting. 
These factors implicate in the increase of the probability of 
events of more intense flooding, and the risk of more dama-
ge and losses on the population. 

If well applied, the zoning and the management of floo-
dable riverbank areas are important instruments of relati-
vely low cost that can contribute significantly in both the 
improvement of the general conditions of the basin and in 
better conditions to face the problems caused by the floods. 
There will be a reduction of the social and economic costs, of 
the problems and risks to public health, and the occurrence 
of illnesses transmitted through the water.

However, for the present case – Basin of the Viana – the 
non-structural measures do not seem enough to stop floo-
ding, accompanied by structural interventions and construc-
tions, such as the increase of the gutter or the implementa-
tion of structures to damp floods. 

It is recommended, first, that the sequence of work is fol-
lowed, going deeper in the study of the rest of the Trapiche’s 
basin, and then, the rest of Itaguaí’s basins, which will pro-
vide more consolidated information to elaborate a flood 
control plan. Through a DTM, and through the interface of 
ArcGis software, it is possible to perform a better evaluation 
of the results/scenarios, determining in a plan the reach of 
these floods, and evaluating the population to be hit by the-
se events from the dimensions of the flood spots correspon-
dent to a flood caused by a reoccurring rain. 

Among other issues to be modeled/evaluated in sequen-
ce, are: adoption of the estimated future population by the 
method of urban saturation, respecting the different existing 
demographic densities; to evaluate the different scenarios 
considering other periods of reoccurrence (10, 15, 25, and 
50 years), as well as scenarios that demonstrate the impact 
of different combinations of non-structural and/or structural 
measures. 

Starting from the principle, seen in the field, that one of 
the major issues of the basin studied is the improper dispo-
sition of solid waste and sewage in the rivers, creeks, and 
channels banks, the drainage planning incurs in the neces-
sity to have more compatibility with other aspects of the 
management of water resources and urban planning, among 
those in special the ones related to sanitation systems.  
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