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Estimation of undue inflows in sewers systems:  

The case Study of Ribeira de Santa Catarina in Entroncamento 

Constança Maria Branco de Lucas Cordeiro

The problematic of undue inflows in sewer systems is quite significant given the effects that these types of 

flows have on the drainage systems. Mitigating the impacts of undue inflows on drainage systems is therefore, 

in the interest of management entities. Nonetheless, quantifying their occurrence and understanding the 

mechanisms that contribute to its existence is essencial to assist in the decision-making process. 

Over time, the Municipality of Entroncamento (CME) has experienced several problems with the functioning of 

the Ribeira de Santa Catarina in terms of hydraulic performance, with some urban floods occurring during the 

rainy season. Environmental problems have also been reported, such as complaints from residents relating to 

the odor of waste water that flows in the Ribeira de Santa Catarina during dry weather. Although the drainage 

system of the city of Entroncamento was conceived as separative, there are cross-links between the waste 

water drainage network and rain water drainage network. It is, therefore, in CME's interest to quantify the flows 

of undue inflows flowing Ribeira de Santa Catarina as well as assess its performance for a current and future 

scenario in order to decide what measures can be taken. 

This work focused, firstly, on the quantification of undue inflows, through field inspection campaigns to estimate 

the flow in the Ribeira during the dry weather period and in the evaluation of the conservation state of the 

drainage network. In a later phase, a system forecast for rainfall time was made, through the construction of a 

SWMM model. 

Keywords: Undo inflows, urban drainage, waste water, rain water, SWMM

Introduction 

Urban growth and the consequent increase in 

impermeable areas as well as the degradation of 

drainage infrastructure have created problems 

regarding the development and functioning of urban 

drainage systems. These problems are usually 

situations of excess discharge in the network and 

runoff situations (flooding), contamination of the 

receiving means, groundwater and soil or even the 

flow in full section. The drainage network's 

malfunctioning has technical, economic and social 

consequences. One of the main causes of the poor 

functioning of urban drainage networks and water 

treatment plants is the occurrence of undue inflows. 

Knowledge of the operation of the system, as well 

as the development of flow assessment and 

forecasting methodologies, are essential for the 

control of inflows. The mathematical modeling of 

drainage systems is, currently, a widely used 

technique in the planning, management, control and 

rehabilitation of drainage systems. However, this 

type of model is dependent on the available data to 

allow its validation and calibration. A properly 

calibrated model should enable the management 

entity to assess the hydraulic performance of the 

system, identify faults and test corrective solutions, 

and predict future performance, thus enabling 

solutions and forms of exploitation to be adapted to 

a future reality. 
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Definition of undue inflow  

Although there is no established definition for undue 

inflows, (Schilperoort, 2004), defines undue inflows 

as the flows that circulate in the system, but do not 

belong to it, regardless of their origin. This concept 

can also be applied to the case where wastewater 

enters unduly into rainwater conduits. Undue 

inflows can still be divided into two types, depending 

on their origin: 

• Infiltration - flows from groundwater entering the 

system; 

• Inflows - these are waters that flow into the system 

that does not correspond to them through 

permanent or temporary connections, 

The distinction between infiltration and direct flow 

inflows is not very relevant since most conventional 

methods for estimating undue inflows use relative to 

dry time flow. The dry weather flow is all that 

circulates in a drainage system except for the flow 

directly from the precipitation. 

Case Study 

General Characterization 

The drainage system in study is located in 

Entroncamento. The city is divided in half by the 

train tracks and station. The urban area is almost 

entirely inserted in the catchment area of Ribeira de 

Santa Catarina. This is an intermittent water course 

with an extension of about 8 km. The stream stars 

north of the city, running on a natural bed, with an 

irregular configuration, until it intersects the A23 The 

Ribeira de Santa Catarina crosses the urban area 

of the city from North to South, channelled, with the 

type section indicated in Figure 3, and almost all of 

its urban route is done in this way. The only 

exception is near the basic school of Bonito, where 

there is a stretch that runs with an open cross 

section. The Ribeira returns its natural course 

already out of the urban area south of the Antero de 

Quental Street, and to the downstream intersects 

the Ribeira de Ponte da Pedra. Much of the area of 

the county of Entroncamento is urban area, having 

been in expansion over the last years which, 

consequently, have been increasing the 

impermeable areas. The rest of the way outside the 

urban environment presents high permeability soils, 

mostly sandy, where infiltration is favored.  

Main drainage infrastructures 

There’s no land registry of the wastewater and 

rainwater drainage system. However, according to 

the technicians of the CME, the system was 

conceived as separative, and the rain collectors that 

drain the urban area are connected to Ribeira. 

Nevertheless, the existence of cross-links between 

the two types of system is clear, since even during 

the dry weather period it is visible, in the accessible 

sections, of the Ribeira, in an urban area flow which 

appears to be of residual origin, judging by the color 

and odor. The wastewater drainage system, such 

as the parishes, is divided by the train line. The 

waste water produced in the parish of Nossa 

Senhora da Fátima (North-West of the railway axis) 

is sent to the lift station located near the train line 

(EE1). From there they are raised to a second lift 

station (EE2), thus making connection to the system 

on the rise. EE2 therefore receives waste water 

from the EE1 as well as the waste water generated 

in the parish of São João da Baptista (southeast of 

Figure 1 - a) Section of the Ribeira waterway upstream of A23; 
b) Open section in an urban area near the school of Bonito; c) 
Typical section of the canalized sections of the Ribeira de Santa 
Catarin d) The section of the Ribeira in the open sky 
downstream of the urban area 
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the railway axis).There is also a third elevation 

(EE3) that carries wastewater to the WWTP but 

does not receive any water produced in the city of 

Entroncamento. The location of these drainage 

infrastructures can be seen in Figure 3. 

System inspection 

Manhole inspection near EE1 

Near the EE1, there have been sporadic flooding at 

low topographic points, particularly in the 

basements of some buildings. In this area the 

Ribeira crosses the train line. To fill in the gaps in 

terms of registry a manhole inspection of the system 

near EE1 were carried out. The main goals of this 

inspection were: 

 • Determine which manholes are still working - 

about 30 manholes were identified and not all of 

them are active since the area was subjected to 

urban works that deactivated some;  

• Number of collectors that come together at EE1, 

their orientation and diameter;  

• Which of connections exist between the waste 

water drainage system and the Ribeira; 

• Depth of visit boxes and depth of collector sill; 

• General condition of the system. 

Of the manholes lifted, as expected, not all were 

active as seen in the Figure 2Erro! A origem da 

referência não foi encontrada.. 

In this area the three major domestic waste water 

pipes that serve the North part of the city come 

together in a manhole (manhole 15). The manholes 

6, 21 and 31 are immediately upstream of the 

junction of the manhole 15 for the of the West, East 

and North waste water pipes, respectively. There is 

also a pipe that, in case of excess flow in the 

drainage system resulting from undue rainfall flows, 

diverts these excess flows to Ribeira de Santa 

Catarina, thus functioning as bypass EE1. In this 

connection pipe, between the Ribeira and the 

drainage system, a tidal valve was installed to 

prevent the reverse flow to reenter the domestic 

system (manhole 13). There is also an access point 

to the Ribeira which is also the discharge of the 

Figure 3 -  Route of the Ribeira and main 
drainage structures of the city of 

Entroncamento 

Figure 2 - Schematic representation of the existing register 
near the EE1 

Figure 4 - Bypass between the junction manhole (manhole 
15)  and the Ribeira (manhole 10) through the bypass 

conduit 
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bypass conduit (manhole 10). This bypass can be 

seen in the Figure 4 

From here the Ribeira flows past the EE1 and below 

the train line. The crossing with the train line is done 

at the cost of a reduction of the Ribeira cross-

section. This, according to the reports of the CME 

technicians, is composed of two rectangular ducts, 

installed in parallel and separated in half by a pillar, 

that supports the LC above  

The EE1 is equipped with three electropump 

groups, installed in parallel in the pumping well. Two 

of them pump the wastewater to the EE2 that are 

later are taken to the WWTP. Since sometimes the 

excess flow to the EE1 cannot all be diverted by 

gravity to the Ribeira through the bypass conduit 

there is also an pump group installed in the EE1 that 

pums the remainder of the flows to the Ribeira, as 

seen in Figure 5. 

The old reinforced concrete roofing slab of the 

Ribeira was exposed and eroded in many stretches 

because of the Ribeira's operating full section, with 

water that was often chemically aggressive. Thus, 

work was carried out to demolish the old slab, and 

replace it by a solution with prefabricated concrete 

panels as seen in Figure 4. 

Accesses to the Ribeira are difficult, so taking 

advantage of the fact that is was under construction, 

and more sections were reachable, flow 

measurements were carried out using a simple 

procedure to determine water depths and velocities.  

Along its route, there are three sections where the 

Ribeira is not canalized and it is possible to observe 

the flow that is being drained such as: upstream of 

the A23, still in natural bed, next to the School of 

Bonito, where the Ribeira passes with an aopen 

cross section and further downstream of the urban 

area. These sections were used to verify the 

variation of flow along the urban route of the Ribeira, 

for periods of dry weather and rain.  

The results obtain are shown in Table 1. 

Table 1 -Results of the mean flow measured in each monitoring 
section 

Section 
𝒉 

[cm] 

𝒗 

[m/s] 

𝑸 

(m3/s) 

𝑸 

[l/s] 

Escola do 

Bonito 
8 0.2 0.00506 5.06 

Rua B. 

S.Caminhos 

de Ferro 

25.5 0.141 0.01897 18.97 

Rua da Fé 13.5 0.320 0.01667 16.67 

Rua E.UA 28.5 0.135 0.02118 21.18 

It can be considered that in dry time the average 

flow that passes in the Ribeira is between 15 L / s 

and 20 L / s for the most southern sections of its 

route. It is quite evident that the flow that circulates 

in the Ribeira in dry weather comes from domestic 

wastewater, judging by the appearance and odor of 

it. Along the urban route of the Ribeira there is a 

significant increase of the residual flow, which 

suggests that the undue connections are not 

concentrated at one point, but rather occur regularly 

in throughout its course, and their occurrence must 

be more common in older parts of the city.  

Figure 5 - Detail of the pumps near EE1 

Figure 6 - Demolition of the Ribeira roof slab in the 
south of the city 
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In rainy weather, it was not possible, for safety 

reasons, to measure the water heights in these 

sections, so accessible sites were checked 

immediately after precipitation periods. Although 

there is, of course, an increase in flow, after periods 

of intense precipitation, it has been found that the 

rainfall flowing into this water line has not been 

particularly high. 

Estimation of undue inflows  

An estimate was made of the flow reaching EE1 

based on the population assign to each waste water 

conduit that drains the northern part of the county of 

Entroncamento, the results obtained can be seen in 

Table 2. 

Table 2 – Waste water flows estimation according to the assign 
areas  

Assign areas População 
𝑸𝒎𝒆𝒅 

[m3/dia] [L/s] 

EE1 13460 1776.7 20.6 

EE2 21533 2842.4 32.9 

It is then verified that the average flow that should 

reach the EE1 would be of the order of 21L / s. 

Although no flow measurements have been made 

for the EE1 area during the monitoring campaign, 

there are upstream and downstream measurements 

between this zone. Thus, considering that the flow 

of undue inflows increases in a proportional way 

along the course of the Ribeira, that is, with the 

distance of travel, the flow undue inflows passing in 

this EE1 zone should be 8.2 L / s, as shown in Table 

3. 

Table 3 - Estimated undue inflows  for EE1 area 

Section 

Increase

𝑸𝒖𝒏𝒅𝒖𝒆𝒊𝒏𝒇𝒍𝒐𝒘 

[L/s] 

Cumulative

𝑸𝒖𝒏𝒅𝒖𝒆 𝒊𝒏𝒇𝒍𝒐𝒘 [L/s] 

Escola bonito 5.06 --- 

Secção da EE1 3.17 8.2 

Obra 1 8.44 16.67 

Obra 2 2.30 18.97 

Obra 3 2.21 21.18 

If we compare the flow of undue inflows in the area 

of EE1 (8.2 L/s) with the residual water flow 

estimated for this zone (20.6 L / s), we conclude that 

this corresponds to a percentage of 40% of undue 

domestic inflows to Ribeira of Santa Catarina. If we 

consider that the percentage of flow diverted to the 

Ribeira is the same for all the waste water conduits 

that converge to the zone of EE1, the flow that 

actually circulates in each collector will be those that 

are presented in Table 4. 

Table 4 - Waste water flows in EE1 area 

 

𝑸𝒎𝒆𝒅 

(estimat

ed)[L/s] 

% Undue 

Inflows 

Qundue 

inflows 

[L/s] 

QW.W. conduit 

[L/s] 

Oeste 7.7 40% 3.1 4.6 

Norte 6.4 40% 2.6 3.9 

Este 6.5 40% 2.6 3.9 

Total 20.6 --- 8.2 12.3 

Hydraulic modelling of the system 

The dynamic modelling of the system was made 

through SWMM. The model constructed based on 

the geographic information provided by CME and 

the information collected on the field. As such, to 

define the SWMM model presented in Figure 10, we 

started by identifying sections of the Ribeira that 

were deemed pertinent to insert in the model.  The 

sections considered were:  

• Start of Ribeira; 

• Section upstream of A23  

• Section A - start of the Ribeira pipeline,  

• Section of the School of Bonito - open section near 

the school of Bonito;  

• Section B -  Dr. Costa Machado Street;  

• Section C - Section immediately upstream of the 

Ribeira intersection with the Northern line. It also 

corresponds to the beginning of narrowing of the 

section allowing passage under the train tracks; • 

Downstream of LC - end of narrowing under LC  
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• Sections of measurements in dry time (work 1, 

work 2 and work 3)  

• Sections where there were quoted points, that 

allowed to define changes of slope along the course 

of the Ribeira (points P3 to P8); 

• Section D - section corresponding to the end of the 

pipe; 

Four sub-basins were defined for which, as is shown 

in the Figure 7,characteristics such as the total area 

and waterproofing area, mean slope and the type of 

terrain are known.  

The surface runoff formed in each sub-basin will 

then be routed to a control section. In this case, the 

control sections considered were sections A, B, C 

and D for basins 1, 2, 3 and 4, respectively. The 

characteristics of each basin are shown in the Table 

5. 

Table 5 - Characteristics of the 4 defined sub-basins 

Sub-basin Area 
Width 

[km] 

Slope 

(%) 
%IA C 

1 218 0.85 3 15 24 

2 119.2 0.85 2.04 55 26 

3 94.4 0.85 2.07 80 45 

4 108 0.85 1.98 80 52 

The three waste water conduits that serve the 

northern part of the city were simulated in the model 

by introducing three extra upstream the manholes 

inspected during system inspection in the EE1 area. 

Only the depth of the first is known, so it was 

assumed that the remaining manholes upstream 

would have the same depth as the first. It was also 

considered that the bypass conduit connecting the 

waste water systems to the Ribeira has a tidal valve 

there to prevent the return of flow to the waste 

system. The junction manhole of the waste water 

conduits has considered as a storage unit rather 

than a node, given its dimensions. The pumping 

station 1 (EE1) was modeled in the SWMM using a 

storage unit as well to represent the pumping well 

present in it.  

The pluviometric events were defined based on the 

design rain fall event developed by (Matos, 1987). 

Time series were defined for return periods of T = 2, 

T = 10; T = 20 and T = 100 years. An example of the 

design rainfall event is shown in the  

Model calibration and simulation 

scenarios  

Given that about 40% of the wastewater produced 

in urban areas is discharged to the Ribeira, it has 

also been considered reasonable to admit that there 

will also be cross-links from the rainwater system to 

the wastewater drainage system. Considering that 

the rainfall flow is given by Q = CiA, that is, it varies 

linearly with the area, the rainfall flowing unduly into 

the drainage system was introduced into the model 

using fictitious drainage basins, whose assigned 

area will be a percentage of area defined previously 

for the sub-basins. The remaining characteristics of 

each of these fictitious basins remain unchanged. 

The point of discharge of the fictitious basins will be 

1 

2 

3 

4 

Figure 7 - Sub-basins defined in the SWMM model 

Figure 8 - Design rainfall time series for a return period of 20 
years 
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the upstream manhole of each waste water conduit. 

The fictitious basins were defined only for the sub-

basins 2 and 3, upstream of point C. No fictitious 

basins were introduced for sub-basin 1, since during 

the system's monitoring campaigns there was no 

residual flow so far upstream of the Ribeira’s course 

so it was assumed that there are not also cross-links 

from the rainwater to the residual system. 

Therefore, 6 fictitious basins (3 for each sub-basin 

considered) were defined, as can be seen in Figure 

12. 

According to flood records of the area, there are 

small flooding at low topographic points, in 

particular in basements of buildings in the area of 

section C have been registered, which can be 

attributed to rainwater flowing through the residual 

drainage system. On the other hand, the 

extravasation of rainwater flows flowing in the 

Ribeira by sinks or manholes does not occur as 

frequently,being that the last record of a flood with 

some magnitude dates back to the 1980s. It is 

therefore considered as a calibration criterion that in 

the area next to section C and for a return period of 

20 years, there is no extravasation of flow at any 

point. In order to reproduce this behavior in the 

model, the areas of the defined fictitious basins 

were varied, which consequently varied the rainfall 

flows that are discharged into the residual system 

until the calibration criterion was satisfied. The area 

assigned to each fictitious basin was decided 

according to the type of building (newest or oldest) 

present, considering that areas with older buildings 

are more likely to have more undue connections to 

Ribeira. The final values adopted for the areas of 

the dummy basins are shown in Table 6 

Table 6 - Areas considered for the fictitious basins created for 
sub-basins 2 and 3 

 
Fictitious 

basin 

%of the 

sub-basin 

area 

[-] 

Area 

[ha] 

Width 

[km] 

Sub-

basin 2 

Oeste 3% 3.6 0.28 

Norte 3.5% 4.2 0.28 

Este 3% 3.6 0.28 

Total 9.5% 11.3 0.85 

Sub-

basin 3 

Oeste 4% 3.8 0.28 

Norte 4% 3.8 0.28 

Este 3.5% 3.3 0.28 

Total 11.5% 10.9 0.85 

In the calibrated situation, the system is running 

under load, however, there is no extravasation of 

flow at any point, for example, in section C the 

maximum depth of the manhole is almost reached 

without flow extravasation, as shown in Figure 13. 

In the evaluation of the hydraulic performance of the 

system the following scenarios were considered: 

• Scenario 1: system under current conditions for 

different return periods (2,10, 20 and 100 years); 

• Scenario 2: simulation of the system for future 

conditions for different return periods (2,10, 20 and 

100 years); 

Figure 10 - Water height and node flooding in section C of 
Ribeira 

Figure 9 - Fictitious basins introduced in the SWMM to 
account for the inflows of the rainwater system to the 

residual system 
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For the scenario of simulation of the future situation, 

it was considered an increase of the impermeable 

areas and precipitation intensity of 5%. 

For this situation it was assumed that the areas of 

the fictitious basins would remain identical to those 

in the current situation, ie that even if impermeable 

areas grow due to urban sprawl, no more cross-

connections will be made. 

Results 

Current situation  

The analysis performed for the return periods of T = 

2, T = 10 and T = 20 shows that along the urban 

route there is no extravasation of flow at any point 

in the system. For the return period of T = 20 some 

sections in urban areas, namely, upstream of the 

crossing of the Ribeira with the LC, are loaded. The 

same is true for the Section D, where the 

extravasation of some flow occurs. This 

extravasation is not considered relevant, since it is 

the end of the channeling of Ribeira, already outside 

the urban area, and its impact is terms of damages 

should be minor. There are several sections of the 

system where Ribeira's transport capacity exceeds 

50%. In the stretch under the train line, the Ribeira 

capacity reaches values of 0.8 for all the return 

periods considered. It is also in this section that 

higher speeds are registered, as can be seen in 

Table 7. 

Future Situation 

For a future scenario, it was verified that for a return 

period of only T = 10 years, there is already flow 

extravasation in section C. Also, in the waste water 

conduits there is some extravasation of flow in some 

manholes. In a future situation for the return periods 

of T = 10, T = 20 and T = 100 flow overflow occurs 

in sections C and sections D of the Ribeira as well 

as in several manholes of the waste water conduits. 

For a return period of 100 years, there is also the 

extravasation of flow upstream of section C. The 

maximum speeds recorded in the model are, as in 

the case of the current situation, recorded on the 

stretch under the train line. As can be seen in the 

Table 7. 

Table 7 -Maximum speeds recorded on the model (section 
narrowly below the train line) 

Diagnosis of major drainage problems 

After the run of the various simulations it is verified 

that there are two sections that present notorious 

drainage issues, being these section C, next to the 

train line and section D corresponding to the end of 

the urban route of the Ribeira. In the area of section 

C the existence of a reasonable amount of cross-

links combined with the narrowing of the section of 

the Ribeira cross section to accommodate the 

passage under the railway line, contribute to this 

section loading. The same happens when one 

considers a worsening of the precipitation and the 

impermeable areas, but this time for smaller periods 

of return. 

For the current situation, section D presents 

drainage problems for periods of return equal to or 

greater than 20 years, however, it is considered 

unlikely that there will be upstream flow through 

manholes or sinks, as this section corresponds to 

the end of the channeling of the Ribeira, so it’s most 

likely to occur flooding of areas where the Ribeira 

runs in its natural bed. For the reasons given in the 

previous paragraphs, it is considered that the risk of 

flooding on the Ribeira C-D section for higher return 

periods is considerable, especially at low 

topographical points. For any of the simulation 

scenarios considered,,it is not considered likely that 

there will be too much flow upstream of section C, 

 
𝒗 [m/s] 

Scenario 1 

𝒗 [m/s] 

Scenario 2 

T=2 3.4 3.89 

T=10 4.75 5.61 

T=20 5.34 5.61 

T=100 5.61 5.61 
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so potential floods should be limited to this zone. 

The high permeability of the soils of the basins 

combined with smaller impermeable areas and 

steeper slopes in the upstream sub-basins 1 and 2 

promote the infiltration and flow of rainwater without 

these sections entering in load. 

It is estimated that about 11% of the flows produced 

in sub-basin 3 and 9% of the flows produced in sub-

basin 2 are being discharged into the the conduits 

of the drainage system as seen in the  

Table 8 - Maximum values of surface runoff produced in each 
fictitious basin 

Main 

Sub-basin 
Sub-basin 3 Sub-basin 2 

W.W Conduit West North Este West North Este 

𝑴á𝒙 𝑸𝒓𝒖𝒏𝒐𝒇𝒇  

[L/s] 
329 329 288 213 253 219 

Conclusions and Future Developments 

Given that the problems with recorded floods are not 

significant, it is considered preferable to adopt 

measures of control at source and coupled with 

measures to strengthen and maintain the existing 

system rather than measures that are difficult to 

implement and costly.The measures to be adopted 

should therefore serve the following objectives:  

• Intersection and diversion of domestic water flows 

- implement solutions that aim at the attenuation of 

direct discharges from domestic waters in the water 

line;  

• Improvement of the rainwater drainage system - 

design of measures aimed at mitigating tributary 

flows to Ribeira. 

Although the inspection campaign carried out on the 

system has allowed for an approximate verification 

of the registry of the drainage infrastructures and the 

residual flows that actually circulate in Ribeira, it is 

worth noting the importance of a cadastral survey 

and monitoring of both the rainwater network and of 

the domestic network. This survey should aim to 

identify the main characteristics of drainage 

infrastructures as well as their conservation status. 

The information collected should be computerized 

in a geographic information system (GIS). The 

monitoring campaign should contemplate the 

installation of a network of udrometers and flow 

meters to reduce the uncertainty associated with the 

rainwater flow generated in the drainage basin. 

In the occurrence of a pluviometric event about 11% 

of the rainfall flows produced in sub-basin 3 as well 

as about 9% of the rainfall flows produced in sub-

basin 2 may be being conducted to the domestic 

system. This situation may represent a significant 

cost to the managing entity, since there is no need 

for rainwater treatment and pump. In order to control 

the flow of rainwater to the drainage system, it is 

recommended to build a retention basin to control 

the flow of rainwater. This basin would be located in 

a zone outside the urban perimeter, as can be seen 

in Figure 11. The selected area corresponds to a 

topographic depression near the Ribeira, where the 

deposition of water already occurs naturally. 

The retention basin would initially allow a reduction 

of the tributaries flowing relative to the effluent flow, 

which means, of course, a damping of the tip flows 

and consequent improvement of the hydraulic 

performance of the canalized sections of the 

Ribeira.  

Figure 11 - Location of the proposed retention basin 
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The flows that circulate in the Ribeira either in dry 

weather or in rainy weather, because they are 

polluted, will, probably, be aggressive from the 

chemical point of view. These waters can easily 

erode the concrete from the Ribeira bed, so it is 

advisable to regularly check its conservation state. 

Although the cover slab on some sections of the 

Ribeira has been replaced, there are sections of the 

Ribeira that have not yet been verified from the point 

of view of its conservation status, namely the 

section of narrowing under the train line which, by 

analyzing the results of the SWMM model, will be 

the one that first reaches hydraulic overload. It is 

suggested, therefore, the inspection of Ribeira, 

particularly the section under the train line, using 

CCTV.  

During the field work carried out, the difficulties 

regarding access to Ribeira were also very 

noticeable. This runs closed cross section without 

any access point during extensions of quite long of 

its route. Therefore, the construction of 5 new 

access points whose location should be defined 

after a topographic survey is carried out. 

In case that there’s a need to detour flow from 

Ribeira 

Although the residual flows that unduly circulate in 

the Ribeira, do not represent a problem from a 

hydraulic performance perspective, are from an 

environmental point of view quite serious, in 

particular in dry weather. This situation should be 

corrected as soon as possible. However, correcting 

undue links can be very costly or even not 

achievable at all. Thus, in view of the previous, it is 

considered more appropriate to divert the domestic 

flows in the Ribeira in dry weather, using for this the 

installation of a chamber of regulation of flow that 

allows to route the flows to the system of drainage 

of waste water, preventing them from being 

discharged directly into a water line without any kind 

of treatment. It is recommended to execute this 

chamber in the final section of the pipeline of Ribeira 

de Santa Catarina, downstream of Antero de 

Quental Street, as well as the construction of a new 

domestic manifold to conduct the diverted flow to 

EE2, as shown in Figure 12. 

These types of structures, as seen in are generally 

dimensioned to divert a flow of 2𝑄𝑝. During the 

monitoring campaign of the system in dry weather it 

was verified that the average residual flow that 

reaches this section in summer season will be of the 

order of 21L / s, and it is estimated that it can have 

a pick flow of the order of 39L / s, which corresponds 

to a project flow of the order of around 78L/s. 

 It should be noted, however, that the flow to be 

diverted will be limited by the transport and storage 

capacity of the downstream structures, so it is 

convenient to test this solution using dynamic 

modeling to ensure that it is not exceeded. 

  

Figure 12 -Location of the flow control chamber and schematic 
representation of the connection to EE2 

Figure 13 - Flow regulation chamber to be installed 
downstream of Rua Antero de Quental 
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