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1. Introduction 

Restoring a river to a functional state or even just acting to protect its current conditions 

requires a thorough analysis of drainage basin control processes, a successful communication 

between managers and stakeholders and decision makers, design a plan and objective that all 

parties can agree to and finally, apply the gathered information, support and knowledge into 

actions that will interact with river processes and require years of maintenance and close 

watch. River restoration is not a simple subject, and it may require a hefty amount of 

resources to take it to end. 

 

What this thesis attempts to achieve is a contribution to the science of river restoration, by 

applying the concept to a particular Portuguese river, the river Tua, in northern Portugal, 

collecting the relevant information, developing the analytical tools necessary to the  

assessment of the drainage basin, discussing the most recent available literature in the subject 

and finally, identifying priority areas and ideal restoration practices to achieve the final goal: 

the protection of Tua's fauna and flora and the maximization of the river's services to residents 

with the drainage basin  under study. 

 1.1 - Case Study Framework 

The river Tua is a tributary to River Douro, one of the largest drainage basins in continental 

Portugal and the third longest river in the Iberian Peninsula. Figure 1 displays the location of 

the drainage basin of river Tua within the Iberian Peninsula. 

 
 

 

 

Figure 1.  Location of the drainage basin under study . 
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Water  Quality Index (WQI) 

Qualidade Ecológica 

Dissolved Oxygen Sag Curve

Dissolved Oxygen Sag Curve

Qualidade Química 

Streeter-Phelps 

Equação Universal de Perda de Solo 

Em que: 
A -> Perda de Solo  

R -> Fator Energético da Chuva 
K -> Fator de Erodabilidade do Solo 
LS -> Fatores Topográficos 
C-> Fator de Técnica Cultura 
P -> Fator de Práticas de Conservação 

A = R*K*LS*C*P 
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Figure 15. Vegetation cover as well as an assessment of grazing and existing urban fabric. 
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Figure 15. Vegetation cover as well as an assessment of grazing and existing urban fabric. 

A densidade da vegetação foi 
obtida através do ArcGIS a partir da 
“Carta do Uso do Solo de Portugal 

Continental para 2007”  
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Figure 17. Drainage basin elevation (m). 
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Figure 19. Slope variation throughout the drainage basin in percentage. 

Altimetria Declives 

9 

A altimetria e declives foram obtidos através 
do ArcGIS e da “Carta de Altimetria de 

Portugal Continental” 
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Figure 23. Soil loss rate throughout the drainage basin, in ton/ha/year. 

Erosão do Solo 
10 

A taxa de perda do solo foi 
calculada através do ArcGIS e 

pela equação EUPS 
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Figure 29. Solar radiation variation throughout the drainage basin in Wh/m
2
. 

 Radiação Solar 

11 

A radiação solar foi obtida através 
do ArcGIS utilizando o mapa de 
altimetria previamente obtido. 
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4.2 – Water Quality 

Table 12 represents the WQI results per automated sampling station. 

Table 12. WQI results, per automated sampling station. 

Station WQI 

“PonteCouço” 75 

“PonteSantaRufina” 73 

“PonteValeTelhas” 75 

“QuintaMaravilha” 73 

“Frechas” 70 

“AlbSobreira” 71 

“Zoio” 89 

“Eixes” 74 

“Mascanho” 78 

“FozTinhela” 75 

 

Dojlido et al. (1994) argues that although all the basic parameters need to be estimated, the 

advantages of the method surpass its disadvantages. Kumar and Dua (2009) argue further that 

the WQI does not indicate the real quality of the surface water in study as its determining 

parameters are not enough to appropriately assess water quality fully, and yet it indicates an 

idea of the water quality that managers can expect to find, as it is a simple and understandable 

index for all stakeholders involved. 

The Water Framework Directive (WFD) demands good ecological and chemical status for all 

surface water at a European level by 2015 which considering the vastness of the riverine 

networks throughout the different countries belonging to the European Union allows the WQI 

determination from these automated sampling stations to become a valid monitoring and 

assessment tool, a subject which has been broached by Terrado et al. (2010) as well as Kumar 

and Dua (2009)  and has been found to be an adequate preview as to the water quality that can 

be expected. 

Within the context of legislative demands by the WFD, a closer observation of table 12 

indicates that the water quality throughtout the reach is good (70-90), but some sampling 

stations are right on the edge of going down into medium (50-70) quality and therefore could 

be indicative of restoration needs in order not to fall below its current standard. 

A closer observation at the upstream conditions of the sampling stations with the lowest 

scores can indicate parameters that require restoration efforts and allows the setting of goals 

for a drainage basin scale restoration plan to be put in place.  

More recent studies indicate that although WQI can identify principles problems, such as 

wastewater-discharges and eutrophication it should be grouped up with a separate ecological 

assessment (Sánchez et al., 2007; Terrado et al., 2010).  

The Streeter-Phelps model was first introduced in 1925 with an article by Streeter & Phelps 

concerning the study and pollution of the Ohio River, and the connection made between the 

rate of biochemical oxidation and the remaining concentration of unoxidized substance. It is a 

one-dimension steady-state model on the whole taking the river as a closed system, allowing 

thusly an assessment of the general pollution of a river. 
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Nas et al. (2008) as well as other studies (e.g. Sánchez et al., 2007; Wang et al., 2013) 

consider the model to be appropriate as it responds adequately to pressures such as population 

growth, industrial discharge as well as wastewater facility discharges and assesses that the 

model provides an indication of what managers can expect the ecological quality to be. 

Although it has been argued as well by Jha et al. (2007) and Peng et al. (2010) that the 

Streeter-Phelps model needs to be modified and take into account more parameters to 

accurately assess all externalities as well as adding an adaptability to estimate pollution far 

away from a sewage outlet.  

Figure 34 represents the dissolved oxygen SAG curve for both Winter and Summer of the 

wastewater treatment facility Mirandela.  

The ecological quality of the station observed through the SAG Curve indicates mild 

pollution, which is congruent with the findings from the chemical quality assessment, 

indicating that the WQI good status throughout the basin could be related to the impacts of 

point source pollution discharges such as the discharges of wastewater treatment facilities.  

4.3 – Anthropogenic Pressure 

The total resident population in the municipalities where the drainage basin under study is 

located indicates, as shown in figure 35, a decreasing pattern throughout the period comprised 

between 1991 and 2012.  With a decreasing number residents,  residential water comsumption 

in the drainage basin can be expected either decrease or maintain current levels of 

consumption, acting as a release valve in anthropogenic pressure. 
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controversy surrounding the construction of this dam, related to UNESCO findings it is still 

currently under construction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore restoration actions need to include a scenario that takes into assessment these 

impacts when defining restoration sites. 

4.4 – Template 

The purpose of this final subchapter is to relate the drainage basin findings to a watershed-

scale, observing where pinpoint restorative actions can take place in order to allow the aquatic 

ecosystem to naturally return to a higher chemical and ecological quality status. 

The watershed-scale or sub-basin approach is defended by Beechie and Bolton (1999) 

although  Beechie and Roni (2013) is more up to date. This type of approach follows basic 

forming processes of the drainage basin but takes a closer look at each sub-basin contained 

within the drainage basin, as to identify what alterations have occurred that led to the current 

chemical and ecological state. 

Throughout the drainage basin, and through the application of the ArcSwat© extension to 

ArcGis© (ESRI, 2013) it has been determined that the basin has 29 sub-basins indicated by 

figure 41. 

 

 

Figure 40. Close up of the length of river corridor that will be 

affected. 
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 Figure 39. Animal husbandry evolution throughout the municipalities within the 

drainage basin. 

A closer look at figure 39, suggests that the bovine population appears to have stagnated in 

recent years, but all the other cattle types seem to follow the pattern determined, with an ever-

reducing rate of growth. Therefore a general assessment as to the environmental pressure 

caused by animal husbandry is will be reduced. 

To determine restorative actions an analysis of future plans concerning river infrastructures by 

the counties that may impact the river, as well as determine the success of these restoratives 

actions, it has been determined that at the moment the construction of a new dam is ensuing. 

Table 13 indicates the characteristics of the new damn. 

Table 13. Characteristics of the new dam. 

Location 
1100 meters upstream from the mouth of river 

Tua 

Length 2700 m 

Inundated Area 4,2 km
2
 

Affected 

Waterways 

Rio Tinhela, 

Ribeira do Vale de Manhascal 

Ribeira de Milhais 

 

The new dam is going to have a profound impact, reaching far into the drainage basin as can 

be observed by figure 40 as was described from its environmental impact assessment (EIA) 

study. These impacts cannot simply be mitigated and even though there has been some 
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5.3 –Monitoring 

Monitoring is critical to a restoration project as it can evaluate whether the techniques are 

meeting their objectives and providing the projected ecological and social benefits. Figure 62 

indicates the location of the sub-basins targeted for restorative actions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As this project is targeting towards a drainage basin scale overall functions and processes 

improvement the monitoring initially would entail a selection of control (or reference) 

watersheds, thusly a regional analysis that examines the degree to which the response 

variables covariate between sites. But as the distances between watersheds that could be used, 

as controls, and the watersheds pin pointed for restorative actions are greater than 50 km this 

is not an option (Downes, 2002). 

 

Therefore the monitoring plan should assume values of the control pairs. These need to be 

closely related to the watershed under monitoring but nevertheless statistically independent. 

 

Furthermore rather than opting for a long-term monitoring program the multiple watersheds 

understudy and the delineation of control pairs for each watershed allow for a better 

correlation of the responses with key physical or other independent variables (Beechie & 

Roni, 2013). This will allow the monitoring to not drag out over the years but to be something 

that can be assessed with less cost and more quickly. 

 

From this the parameters to be monitored according to watershed and restoration technique 

can be specified. Table 27 lists the restoration techniques applied and the monitoring 

parameters for these. 

 

 

Figure 62. Sub-basins under restorative 

actions. 
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Table 26. Design criterion per restoration technique. 

Goal Project Element Design Criterion 

Restore 

Riparian 

Forest 

Felling and Placing Trees for Habitat 

Flow and Diversity (RRC, 2013)                                 

At most a 10 meter width of 

riparian forest; Reconnect 

riparian corridors. 

Fencing and grazing reduction (Roni 

& Beechie, 2013) 

Riparian buffers and protection (Roni 

& Beechie, 2013) 

Planting of trees and vegetation 

(Ward et al., 2001) 

Habitat 

Creation 

Placement of logs (Roni & Beechie, 

2013) 

Increase the habitat availability 

for fish spawning and others. 

River 

dynamics 

Dam removal or breaching (Roni & 

Beechie, 2013) 

Return natural flow variation to 

the river 

Anthropogenic 

Pressure 

Change agricultural practices (Roni 

& Beechie, 2013) 

Add sustainability to 

agricultural practices; Seminars; 

Involve stakeholders and 

municipalities. 

 

The locations chosen for each technique and a indication of where they will be applied 

according to each sub-basin previously selected are represented over the next few pages. The 

sites were selected using ArcGis© (ESRI, 2013) in conjunction with Bing Maps; each 

waterway in each sub-basin was thoroughly analyzed and each problem area was identified 

with the context of the findings of the previous chapter as well as  the objectives and goals of 

this restoration program in mind. 
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Sub-basin 5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Represented in figure 46 is the location of the watershed within the drainage basin. Figure 47 

indicates the sites chosen for restorative actions. 

 

Figure 47. Sites that require restorative intervention for sub-basin 5. 

In general this sub-basin is in a better condition (from restorative intervention standpoint) 

than the previously analyzed sub-basins but there still are an amalgamate of sites in which 

riparian connectivity is found to be lacking,. In some cases the lack of riparian vegetation is 

due to impromptu river crossing (site 5). 
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Figure 46. Location of sub-basin 5. 
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Represented in figure 46 is the location of the watershed within the drainage basin. Figure 47 

indicates the sites chosen for restorative actions. 

 

Figure 47. Sites that require restorative intervention for sub-basin 5. 

In general this sub-basin is in a better condition (from restorative intervention standpoint) 

than the previously analyzed sub-basins but there still are an amalgamate of sites in which 

riparian connectivity is found to be lacking,. In some cases the lack of riparian vegetation is 

due to impromptu river crossing (site 5). 
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Figure 46. Location of sub-basin 5. 

• Riparian Buffers and Protection 
• Planting of Trees and Vegetation 
• Placement of Log 
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