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Abstract: This paper demonstrates that it is possible to implement a flood control system
(called “piscindo”) in Niteroi city, located in Rio de Janeiro State, Brazil composed by a
reservoir that retains temporally the storm water. The recommended design storm equation
and flood routing were applied in order to design the reservoir capacity. The results
indicate that it is feasible to implement such solution, reducing more than two thirds of the
peak discharge downstream, thus mitigating the damages caused by flood in Niterdi city.
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1. INTRODUCTION

According to Niemczynowicz (1999),
water-related infrastructure in urban areas is
very expensive, and requires constant
economical input to maintain its
functionality. Many technologies have been
developed to minimize the impacts of
floods. Currently, a technology that is
proving promising to minimize flood in
urban areas is the retention of surplus
volumes of rainfall through hydraulic
structures composed of reservoirs, control
and depletion structures, the so-called
“piscindes”.

Over the past few decades, increased
urbanization has substantially reduced the
size of pervious surfaces in urban areas. New
impervious surfaces such as roadways and
roofs, together with developed commercial
areas, have effectively increased the peak
storm discharge to such an extent that
frequent failure of the existing drainage
systems is not uncommon (Chan and Bras,
1979).

The current model of urbanization of
the Brazilian cities has proved inadequate
and disorganized, particularly in relation to
the drainage system. Due to the growth of
the city, the designed drainage system is
now undersized, causing problems in
various proportions, such as overflow,
traffic disorder, flood, landslide, etc. In
many cases, this drainage system is not
resized because of high project and
execution cost, since the cities grow at a
much higher speed than the budget needed
for this type of intervention.

To minimize the impacts of overflow
and flooding, cities have targeted alternative
solutions, such as the construction of
reservoirs, dams, diversion of water courses,
among others. In addition to these physical
interventions, some of them have introduced
public policies to complement urban flood
control. The cities of Rio de Janeiro,
Guarulhos, Séo Carlos, Porto Alegre,
Ribeirdo Preto, Osasco and S&o Paulo have
adopted similar ideas in this direction.
These cities use rainwater reservoirs with
subdivisions that have some percentage of
impervious area, this percentage varying
according to the criteria adopted by each
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city for the temporary holding of the
stormwater that precipitates on each lot.
Thus, these lots contribute to delay the
runoff of waters to the public drainage
system, slowing the flow of rainwater,
controlling, damping and minimizing
problems arising from flow peak,
facilitating the operation of the system.

The mayor of Niter6i city enacted
Law 2630 on January 7, 2009, which states
that new buildings, public or private, shall
be provided with a rainwater reservoir, with
accumulated or delayed system. For the
construction of the reservoir, the law
provides the following  conditions:
resistance to mechanical stress, easy access
for maintenance, existence of spillways and
discharge orifice sized up so as to limit the
maximum flow of the orifice at 20% of the
superficial outflow of the sealed area,
considering the maximum intensity of the
precipitation corresponding to a return
period of 10 years.

2. TEMPORARY
RESERVOIRS

ACCUMULATION

Stormwater  source control  has
become a popular alternative solution for
managing stormwater in urban areas
(Martin et al., 2006). An urban solution to
minimize the contribution of rainwater in
urban drainage system is the reservoirs for
temporary accumulation. According to
Netto (2004), there are two types of
accumulation, regardless the dimensions of
the reservoir, uncontrolled and controlled,
see Figures 1 and 2. In the uncontrolled
accumulation, there is no regulation of
outflow capacity, the structures usually have
reduction systems for the outflow and their
only advantages, in the floods, result from
the effects of the modification and delay of
storage. In controlled accumulation, the
floodgates of the structures can regulate the
runoff.
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Figure 1: Reservoir with control.
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Figure 2: Reservoir without control.

The triangular unit  hydrograph
method developed by the Natural Resources
Conservation Service (NRCS) was adopted
to define the project floods and respective
hydrographs. The rainfall intensity in
Niteroi city was calculated by the equation
recommended by DER-RJ (1989) and
expressed by:

706-T0333
~(t+10)0704

| (1)

where

I is rainfall intensity, (mm/h).
T is return period, (years).

t is rainfall duration, (minutes).

The methodology of propagation and
flood routing with any return period in a
reservoir, considering the presence or
absence of bottom outlet follows the
mathematical ~ formulation, from the
continuity  equation  (Fenton,  1992),
expressed by:

ds

-9 )

where
S accumulated or stored volume, in m®.
I inflow, in m¥/s.
Q outflow, in m*/s.
The equation 2 can be described at
discrete intervals, as follows:
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Steat St _1_A
- 3)
At Q
where 1T and Q represent the median

values of the inflow and outflow of the
reservoir along the time interval At.

Considering a linear variation of I and
Q along 4t, equation 3 can be rewritten as
follows:

Steat =St _ le+leea  Q+Qria

At 2 2 @

where Iy; o4 Q and Q4 are the
values at the beginning and at the end of the
time interval.

In this equation, at each time interval,
the inflow at time t and at t+4t; the outflow
at time interval t, and the stored volume at
the interval t are known Terms Sy, and
Qt+4t, are not known and both depend on the
water level.

The Goodrich method, cited in Schulz
(1989), allows estimating the reservoir flood
routing. In this method, the equation 4 is
rewritten as:

2-S 2-S
LA 4 Quypt = It + eyt J{—t—Qt} (®)

At At

where the unknown terms appear on the left
side and the known terms appear on the
right side.

The spillway structure was defined as

being an uncontrolled spillway with
standard Creager type profile, whose
discharge is expressed by:

3
Q\/ERTZC‘L'HdA (6)
where

QuerT Spilled flow, (m3/s).

C coefficient, (m*%/s), and equal to 2.08.
L width of the weir crest, (m).

Hd head over the weir crest, (m).

For the bottom outlet, a circular

orifice was adopted. The orifice discharge
can be determined using:
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Qpesc=#-A-y2-g-H (7)

where

Qpesc released discharge, (m%/s).
u is coefficient and equal to 0.6.
A orifice area, (m?).

g acceleration of gravity, equal to 9.81 m/s’. : -
H is total head, (m). | caé?..ﬁ.'u'l'? A

3. RESULTS AND DISCUSSION

; ; PATSS Y g Y ‘
The first stage of calculations Flgure3 Area con5|dered for the reservoir
consisted on the generation of flood

hydrographs for maximum rainfalls and From the proposed reservoir, the routing

associated return periods corresponding to calculations were prepared for the

3, 5 and 10 years. The hydrographs were recurrence times established. Figures 4 to 6

generated considering a contributing basin show the results achieved.

that covers the drainage of Noronha

Torrez&o and Martins Torres Channels up to

the vicinity of Caio Martins Stadium. The

results indicate that it would require an area

the size of a stadium 120 meters wide and

250 meters long, totaling 30.000 m? as

shown in Figure 3. Thus, an alternative L1\l

proposal was conceived taking into [ AT
consideration the following arrangement: o il & T '

— Flood routing for return period of 3, 5 pas: 3 ;
and 10 years. ..

— Reservoir with 120 meters wide, 2.50 Figure 4: Inflow and released hydrographs
meters long and 4 meters deep, totaling for T = 3 vears
120,000 m®. The depth was chosen y
targeting the highest possible stored
volume without creating constructive "
difficulties and interference with the 5
foundations of the constructions around
the stadium. The reservoir bottom
elevation was set equal to zero.

— 2 meters wide spillway, 3 meters above
the reservoir bottom (based on water |
level, volume of the reservoir and the  —
hydrographs). : : ' ATV ° B2 u

— Two outlet orifices with a diameter of ~Infhow Outtion
0.50 meters, each. The choice of the Figure 5: Inflow and released hydrographs
diameter took into account the need to for T =5 years
restrict the outlet flow of the reservoir,
so that the inflow of a great magnitude
flood would generate a temporary
accumulation of water in the reservoir.

Dischargy (m's)
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Figure 6: Inflow and released hydrographs
for T = 10 years
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The reservoirs constructed in cities
with the purpose to absorb the flood peaks,
also called “piscindes”, remain most of the
time dry (waiting volume) and, during a
rainfall event the water is stored and
released in a controlled or uncontrolled
manner.  These reservoirs do not
significantly reduce the volume of
superficial runoff, but act on the peak
outflow, reducing and extending the periods
of recession of flood hydrographs (Chow et
al., 1988). Their efficiency can be assessed
from the relation between the released
outflow and the inflow, expressed by:

E — (Qmaxinf _Qmaxrel) 100

8
Qmax inf ( )

where
E efficiency, (%).
Qmaxins iNflow peak, (M*/s).

Qmaxrel "elease peak, (m%s).

Table 1 shows the calculated values of
efficiency, as well as a summary of the
main results achieved in the performed
simulations.

Table 1: Main results and efficiency of the
reservoir flood routing

Lag
T Qinf | Qrel Vli/:\fglr between | E
(m3fs) | (m%/s) peaks | (%)
(m) :
(min)
3 |11.25| 3.77 | 161 72 66.50
5 | 1555 | 4.65 | 2.31 90 70.10
10 | 2350 | 7.62 | 3.50 90 67.59
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The analysis of the results shows that
the efficiency of the proposed reservoir is
greater for a recurrence of 5 years than for a
recurrence of 3 or 10 years. It is also
possible to observe the behavior of the
water level inside the reservoir. The setting
of the depth of the reservoir at 4 meters
allowed lamination of the 10 years flood
with a free-board of 0.50 meters.
Furthermore, it is apparent that the peaks of
the inflow and outflow discharges are
phased off by 72 minutes for the
hydrograph of 3 years recurrence and 90
minutes for the hydrographs of 5 and 10
years recurrence.

The proposed reservoir was designed
to operate in parallel (off-line) to the
drainage system, i.e., the flow would be
diverted from the main line to the temporary
storage in a reservoir inside the Caio
Martins Stadium. The efficiency was about
70% for the floods with recurrence of 5
years; 67.6% for 10 years and 66.5% for 3
years. The obtained results indicate that this
solution can be very helpful in containing
and mitigating the harmful effects of urban
flooding in Niterdi city.

Urban flood control reservoirs are
increasingly used as instruments to mitigate
impacts caused by urbanization of
watersheds. Determining the reservoir
capacity is the hardest part. However, the
proposed design has shown that in many
cases, the project ends up adapting itself to
the available space, particularly in urban
regions where the availability of areas to
implement flood control reservoirs is a very
restrictive condition. The authors finally
suggest that the efficiency of the reservoir
be improved by controlling the outflow
through the orifices installing valves or
gates, allowing to increase the water level
inside the reservoir in order to obtain higher
efficiency in hydrologic events of shorter
return time.
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