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Marker Wadden follows the Nature-Based Solutions (NBS) concept to tackle multiple challenges in freshwater 
lake Markermeer (The Netherlands). NBS presents opportunities for knowledge management practices in the 
fields of engineering, ecology, and governance, which is a specific goal of the project. Therefore, Knowledge 
and Innovation program Marker Wadden (KIMA) was established. KIMA enabled knowledge management 
practices, such as monitoring, fundamental and applied research, parallel to the construction phase. 
Transferring knowledge back to the construction project and to other NBS-projects and -programs is regarded 
as a necessity to ensure scale-up. We argue that internal and external alignment can remove or bridge barriers 
between knowledge management, and application in ongoing construction activities and other NBS-
applications. In this research we evaluate the internal alignment of KIMA with the construction project Marker 
Wadden, and its external alignment with other applications of NBS. Our data indicates that KIMA was only 
partially capable of realizing internal and external alignment. Absence of the consortium leader in the 
research program, a suboptimal financial construction, the belated start of research activities, a lack of 
incentive in the construction contract to engage in knowledge management, unstructured connection to 
system-level projects and major research programs were restraining factors. 
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The high concentrations of fluorides and arsenic found in exploited groundwater are an increasing global 
problem. This problem is accentuated principally in arid and semi-arid regions which depend primarily on 
groundwater extraction to supply the demand of drinking water for their communities, as is the case of 
Aguascalientes City, Mexico. The present work gathers and synthesizes the studies and research papers that 
have been done to determine the fluoride and arsenic concentrations in the groundwater of the 
Aguascalientes Valley aquifer, as well as those that enumerate the risks to which the communities that use 
this water are exposed, with the objective of underlining the importance of continuing this type of research 
to deepen the knowledge and understanding of the system and the presence of these elements in 
groundwater, as well as to develop solution strategies to tackle the problem. After an extensive revision of 
the bibliography, the problem is contextualized into a regional panorama and placed within the national and 
global outlooks, permitting in this way to give the foundations for future water quality studies in the region.
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Despite the often emphasized importance of water awareness, and notwithstanding the fact that calls for 
increasing public awareness are becoming commonplace, most studies do not define the concept, let alone 
operationalise it into measurable units. This is, however, essential to measure and evaluate efforts related to 
water awareness such as public campaigns, customer communication and other interventions. To address 
this gap, we conceptualise, operationalise and assess tap water awareness, hereby differentiating between 
cognitive awareness (head), affectional awareness (heart), and behavioural awareness (hands). In parallel, we 
also differentiate between tap water quality, quantity and system. By building on a variety of contemporary 
conceptual insights in literature and a series of expert interviews, an assessment framework is developed. A 
cohesive set of nine awareness components are identified and operationalised into a set of tangible questions 
which are put to the test in a large-scale online survey in the Netherlands, applying both a traditional and 
modern segmentation approach based on four types of perspectives (‘quality & health concerned’, ‘aware & 
committed’, ‘egalitarian & solidary’, and ‘down to earth & confident’). Based on the analysis of the results of 
the first empirical application of our tap water awareness assessment framework, we conclude that tap water 
awareness in the Netherlands shows ample room for improvement. Interestingly, most significant variations 
in awareness are generally not related to sociodemographic factors but rather apply to the four customer 
perspectives on drinking water that are based on people’s subjective views and preferences.
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It is undoubted the relevance and impact that harbours have within our surroundings. Due to its proximity to 
the city, we cannot speak about port development without considering urban development. This fact has 
been the cause of the importance that the Port-city model has gained in recent years. 
This concept acquires special relevance in the Port of Almería (Spain) given its proximity to the city center. 
Almería is faced with a unique opportunity to regenerate its city and turn its Port into a reference model. The 
current planning of the Almería Port Authority already presents a clear criterion regarding its future growth, 
and this is the growth towards the outer zone of the Port. It is a trend shared with many other Spanish and 
international ports, to move commercial traffic away from the areas closest to the urban centers, and to 
expand the infrastructures in order to meet the growing activity demand.  
For that reason, in 2016, an agreement was signed between the Almería Port Authority, the Almería City 
Council and the Bahía Almeriport Foundation; in which they undertook to initiate and promote the necessary 
steps to change the current uses of disused port areas, as well as to plan the long-term integration of the 
Port-City of Almería. The Master Plan promotes the long-term transformation of the entire port front of the 
city in different areas.  
For a first phase of action, intervention is proposed in the area of the Levante Quay, the Cable Frances 
structure, and the Almadrabillas Maritime Front; for which the drafting of a Project is awarded to the UTE 
PROES / ESTUDIO 7, with two main objectives:  
1) Improve infrastructures for cruise ship traffic 
2) Provide the necessary infrastructures to the sea front to accommodate the Port-city actions 
The main activities to conduct are listed below:  
• Levante Quay: It is intended to carry out the expansion, as well as the adaptation of the internal face 
of this quay to give a correct service to cruise traffic, given the advanced state of deterioration that it presents. 
It is a conventional vertical quay and it is the oldest in the commercial dock of the Port of Almería.  
• Cable Francés: This structure is an old mineral loading dock (constructed in 1920) located in the beach. 
Because of its situation of deterioration, the Port of Almería wants to recover this space to turn it into another 
attraction for the city's seafront. 
• Almadrabillas Maritime Front: It will be developed a reorganization of the waterfront giving continuity 
to the promenade throughout the area. 
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The objective of CoDiLe - Collaborative Digital Learning – is to create a new international course termed 
"Water Challenges in a Changing World" in the form of independent modules. It uses the advantages of 
digitized teaching and offers a unique opportunity for higher education professionals to take up these 
modules and design the course, as they deem appropriate. For this purpose, the "Fellowships for Innovation 
in Digital University Teaching (digiFellows)" of the German federal state of North Rhine-Westphalia enabled 
the creation of a cooperation network with several high-ranking national and international partners from 
seven different countries. These are: RWTH Aachen, city authorities of Bochum, UCI California, University of 
Coimbra, University of Exeter, TU Hamburg, TU Kaiserslautern, Kwame Nkrumah University, University of 
Messina, TU Munich, University of Oxford, University of Sheffield, KTH Stockholm, and UTSA Texas.  
 
Depending on the modules selected, the contents can be suitable for both master (hydro-environmental) and 
bachelor (engineering) programs. Each of the 15 project partners is responsible for one module, with all 
modules being self-contained and modular. Each module contains a) a video presentation on the topic of the 
partner’s expertise, b) online tests and challenges (forums) to the students, c) a live discussion with the 
corresponding lecturer with selected questions prepared by the students. Didactically, the focus is on 
“blended learning” with the use of “flipped classrooms” and a combination of asynchronous and synchronous 
sessions with the respective lecturers.  
 
The range of available topics is more extensive than the required semester performance, which enables 
students to participate in the design of the module themselves, making each year a unique learning 
experience. A high professional level is guaranteed by the internationally recognized lecturers, while at the 
same time a wide range of subjects can be addressed by a large number of students. The topics range from 
urban flood forecasting and coping with extreme events to microplastic in marine ecosystems as well as public 
health, water resources, and water quality. All content, including tests, will be freely available digitally on the 
new platform ORCA.NRW to all interested higher education professionals. 
 
Our results show that: I) this modular course has the potential to increase the awareness of students towards 
hydro-environmental engineering., and II) the spirit of sharing academic knowledge has the potential to leap 
the quality of lectures in higher education by encouraging the reuse/improvement of lecturing material and 
didactics thought for the new challenges ahead.  
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During the first quarter of 2020, due to the evolution of the COVID-19 pandemic, several studies on the 
validation process for monitoring and detecting traces of SARS-CoV-2 in wastewater started in multiple 
countries. Canal de Isabel II, as the company responsible for water infrastructure management in Madrid 
region, started to monitor the spread of SARS-CoV-2 in wastewater in March 2020, in the middle of a 
nationwide lockdown. VIGÍA project was released to the health authorities in early July, just before the second 
wave started. 
The monitoring system has been implemented over the entire Madrid region, with an approximate population 
of 7 million inhabitants by means of 289 sampling points, the biggest wastewater surveillance system in 
Europe. VIGíA is based on weekly sampling, data validation, statistical analysis, and representation. The 
results are shared daily with the Health Department of Madrid for consultancy and decision-making purposes. 
Madrid urban drainage system is mainly combined (mixed sewage, stormwater, and industrial effluents). It is 
unclear how detectable pieces of SARS-CoV-2 virus from infected people interact with above effluents. 
However, to detect unusual dilution that could potentially affect virus detectability, physicochemical 
parameters are also monitored for outlier detection. COD appears to be most relevant in detecting unusual 
wastewater composition, given that it is more sensitive to high dilutions due to rainfall episodes and higher 
than usual pollutant presence from industrial effluents. Chloride levels and electrical conductivity are also 
monitored as additional criteria to detect unusual composition although they are more stable. Samples with 
out-of-range values are resampled to verify or rule out qPCR results within 2 to 3 days. It has been found that 
a weekly sampling strategy offers adequate quantification with fixed sampling hours for every point to reduce 
the effect of daily variations. 
SARS-CoV-2 global signal in wastewater shows good agreement with new reported cases and new hospital 
admissions, with wastewater concentration ahead of both series. The commonly accepted explanation for 
this lag is that SARS-CoV-2 can be found in faeces of patients before the symptom onset. Results range 
between 3 to 11 days of anticipation among the studied sewersheds. 
This study has demonstrated wastewater-Based Epidemiology capabilities as an early warning tool for the 
current COVID-19 pandemic in Madrid region. Sampling points selection criteria were essential to this aim: a 
maximum of 25.000 equivalent inhabitants, a 3,5 km distance to population centres and a 2,5 km distance to 
the last discharging point are preferred to obtain optimal results. 
Future work will include a permanent epidemiological surveillance system in which a subset of 87 out of the 
current 289 sampling points will be monitored and in the event of virus detection, more detailed surveillance 
points will be activated in that sewershed to pinpoint infection hotspots.
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Knowledge of motions of large wood near river confluences is important for prediction of wood distribution 
in a river network, and wood distribution is a key factor affecting flow, sediment transport and riverbed 
evolution. The separation zone near the confluence of a river network is a usual gathering place for large 
wood. In this study, a series of laboratory experiments were done to determine the motion responses of large 
wood to the hydrodynamic forces near the separation zone of channel confluence. A single wood was 
released at the tributary upstream and its motion and trajectory near the separation zone was recorded by 
infrared thermal imaging. Different sizes of woods (with different diameters and lengths) and discharge ratios 
of flow confluence (ratio of the tributary discharge to the total flow discharge) were considered. Each case 
was repeated for 30 times. The results showed there were two main motion patterns of wood which entered 
the separation zone: (1) the wood touched the sharp corner wall, and rotated at a certain angle due to the 
friction of the wall and entered directly into the upstream part of the separation zone; (2) the wood did not 
touch the sharp corner wall, and travelled along the boundary of the separation zone; and then it rotated due 
to the strong flow shear and entered into the downstream part of the separation zone. In addition, the 
number of woods entering the separation zone increased when the confluence ratio increased. The wood 
with larger length had a higher probability of entering the separation zone. These observations provide 
important knowledge on motion of large wood near river confluences and are beneficial for disaster 
prevention and control related to the wood blocking in the river network.
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Extreme rainfall events interacting with exposed and vulnerable human and natural systems can lead to 
disasters. Furthermore, they can be the trigger of tragic alluvium flooding, as for the historical case of the 
small Portuguese island of Madeira (area c.a. 740 km²), located in the North Atlantic Ocean. However, the 
understanding on how extreme rainfall events relate to alluvium flooding is still a challenging task. Based on 
rainfall data at Funchal rain gauge station (located on the southern slope of the Island) and on alluvium 
records that affected Funchal area, the research sought (i) to ascertain the exceptionality of the extreme 
rainfall events by coupling them with the rainfalls that preceded and/or followed them and (ii) to understand 
if such exceptionality could be an indicator of alluvium flooding occurrences. Other studies took into 
consideration univariate approaches of hydrological and geomorphological data related to alluvium flood 
events. The study presented herein solely focuses on extreme rainfall data and bivariate copulas aiming at 
calculating the return periods of coupled extreme rainfall events, some of them, known for having triggered 
alluviums floods. Extreme rainfall observations were identified based on the annual maximum series (AMS) 
approach to classify hourly and daily rainfall series over 34-year (from October 1980 to September 2014) and 
80-year (from October 1937 to September 2017) periods, respectively. By using bivariate copula analysis, the 
dependence between (i) annual maximum rainfall and (ii) rainfall immediately before and/or after the 
corresponding annual maximum is assessed. The joint and conditional return periods of each coupled rainfall 
event were calculated, and their relationship with alluvium flooding events were analysed. The results of this 
study conclude that the bivariate copula approach may be useful and adequate to characterize the 
exceptionality of the extreme rainfalls, namely by allowing the assignment of return periods to extreme 
rainfalls coupled with those that preceded and/or followed them. Another important finding of the study is 
that the extreme rainfall events that triggered alluvium floods tend to have much higher return periods than 
those with no coupled alluvium events. Among the former events, there is the rainfall event on late February 
2010, which triggered a well-documented alluvium flooding that caused significant property damage and 
fatalities. Additionally, the methodology applied proved that the event of February 2010 was indeed 
exceptional having the highest assigned return period in the analysed time span. Finally, given the 
susceptibility of Madeira Island to the highly occurrence of alluvium events, this work assists in (i) 
understanding how extreme rainfall can be related to such events, and (ii) the adequacy of bivariate copulas 
in hydrological studies. 
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The Industrial Revolution of the early twentieth century arose in Asturias (northern Spain) because of the coal 
and metallurgical exploitation of the region. Thus, water and energy became a necessity to continue 
developing the industrial pole that still was in a very embryonic phase. At that time, numerous large hydraulic 
infrastructures began to be built throughout the Asturian geography. 
 
Although in Asturias the average annual rainfall is higher than 1000 l/m2 (AEMET, 2020), it has an orography 
full of steep valleys that make it difficult to store water easily. Moreover, the construction of large channels 
to transfer water to the demand points is extremely expensive since there are high slopes and rocky massifs 
to overcome. Only the application of the best techniques in hydraulic engineering made possible the 
construction of dams to generate hydraulic energy or water supply channels without pumping systems that 
bridge a slope of more than 1000 m. 
 
One example is the hydropower plant of La Malva located in the natural park of Somiedo. This facility was 
built in 1917 and provided electricity to 10,000 inhabitants. It uses a total head of 556 m, taking water from 
a gravity dam of 6 Hm3 and natural lakes. The power plant, that has an industrial architectonical design, has 
four Pelton turbines with horizontal injector that, even today, provides more than 44.000 MWh/year. The 
average flow rate is 2 m3/s (EDP, 2020). This power plant has more than 17 km of tunnels built in a karstic 
massif to transport water from the dam and lakes situated at 1500 meters above the sea. Also, 75 km of 
electricity mains were laid to transport energy from the mountains to the coast. Nowadays, La Malva continue 
generating electricity like one hundred years ago and it has been created a museum to show to the new 
generations this amazing building. 
 
This is only an example of the numerous facilities that were built at the beginning of the twentieth century in 
Asturias and today are still working. Also, these structures have created synergies between the mountainous 
and forested ecosystems that surrounds it, giving rise to numerous protected natural spaces. 
 
This research shows a compilation of the industrial hydraulic heritage of Asturias, analysing the historical 
construction procedures. Also, the impacts on the environment and on the local culture are analysed, so that 
the wealth created in this region can be studied. In this way, it is intended to make a comparison with the 
currently available techniques and evaluate their innovation degree at the time used. 
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In recent decades, the heat island effect due to rapid urbanization in major cities combined with the effects 
of the global climate warming has led to significant changes in the urban weather condition. The study of 
meteorological data and application in planning for residential and tourism centers is essential, and the 
climatic condition has a vital role in people's comfortability. This study aims to forecast the long-term effects 
of climate change on the comfortability of the Quebec City's climate, Canada. The second generation 
Canadian Earth System Model (CanESM2) was used under three Representative Concentration Pathway (RCP) 
scenarios including RCP2.6, RCP4.5 and RCP8.5 scenarios and by applying statistical downscaling model 
(SDSM) weather generator, minimum temperature (Tmin), maximum temperature (Tmax), average 
temperature (Tmean) variables and using the change factor method, relative humidity (RH) variable were 
projected for the periods 2027-2050 and 2057-2080. Then, using the projected variables and Mahani and 
Givoni indicators, the appropriate months for human physiological comfort were determined in the next two 
periods and compared with the baseline period (1982-2005). The results indicate that the city will be in a cold 
range in the autumn and winter in the following two periods at night and day. In addition, in April and 
September, it will be in comfort range at daytime with cold nights, and in June, July and August, it will be in 
comfort range at nighttime, with days in warm range.
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Usually when we talk about youth engagement in the hydro-environment science and engineering we look 
into how students and young professionals can be included in our international networks. Universities and 
research institutions hold open days for the general public that might include some activities for younger 
participants but generally engaging people into the field starts at the level of undergraduate students. Even 
though professional opportunities are good oftentimes we face difficulties to get the brightest minds to even 
consider studying water related fields. One way to mitigate this is to offer outreach activities by universities 
and companies as well as individual professionals bringing their knowledge to the general public and 
especially to children and youth.  
This paper aims at describing possibilities for bringing scientific and technical knowledge into an experiential 
approach for teaching children. The main focus will be on courses taught on after school programs for gifted 
and talented children at primary school age also detailing how these differ from similar courses taught to a 
broader audience at a similar age including a summer university for disadvantaged youth.  
A major learning in developing these courses is that methods from laboratory and fieldwork courses aimed 
at university level students can be adapted to younger audiences by teaching a simplified theoretical 
framework and focusing mainly on the experimental and by design experiential parts. To foster an 
understanding for science methodology the children are taught to run series of experiments using single 
parameter variation. Documentation of experimental results is taught in a manner that supports creativity 
and is age and education level adapted.  
The courses bring the field of hydro-environment into the focus of both the children and their families and 
also foster a general understanding of scientific methodology. As these after school programs have a high 
percentage of female participants it can also be hoped that this will bring more women into the field in the 
future. 
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Many of the rivers that flow through urban and peri-urban environments have suffered urban development 
pressures in recent decades due to the growth of residential, industrial and commercial areas. 
This is the case of the Monelos River, located in the city of A Coruña (Spain), which is now mostly piped. 
Although in the past it was a distinctive element of the city providing multiple ecosystem services, such as 
fishing, hand clothes washing and bathing, and also served for agricultural and livestock activities. 
This work identifies the elements of cultural heritage that have been associated with the Monelos river basin, 
through a spatio-temporal journey through the river and its history. The aim is to understand the processes 
that have led to its concealment underground, as well as to its oblivion. The different stages of transformation 
of the river are studied, linked to the historical context and urban planning of the time, from the 18th century 
to the present day. All of this is supported by interdisciplinary historical research based on written and graphic 
documentation preserved in different Spanish archives. Using Geographic Information Systems techniques in 
combination with the analysis and interpretation of historical archives, a reconstruction of the history of the 
river is carried out.  
The cultural ecosystem services provided by the river are still present today in the memory of many citizens 
who knew it. The missing elements of the historical, architectural and industrial heritage, which were 
identified, continue to form part of the city through their toponymy, such as the watermills (Los Molinos), or 
their physiognomy, such as the streets through which the river flows underground or the bridges that are still 
standing, even though they no longer have a river to cross. 
With the results obtained, it is possible to clearly define the course of the river and the causes and 
consequences that led to its concealment, but also the impact it had on the appearance of industrial heritage 
and the destruction of the archaeological heritage that washed its banks. 
The Monelos River, hidden and forgotten for many years, is the subject of several citizens' initiatives for its 
recovery. Citizens who have known the river lament the loss of an element of the city with which they recall 
their experiences, as shown in the documentary "Monelos No river". 
The recovery of specific sections of the river is contemplated in the document of the Green Infrastructure 
Strategy of A Coruña. It is also the subject of research in the author's doctoral thesis, as well as the focus of 
the Monelos River Revival project and a case study of the R+D+i project. "Memory of the Disappeared 
Architectural Heritage in Galicia. The 20th century".
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The aim of this paper is to study the role of water in rites and proccesses of alteration of conciousness, related 
to two types of monuments of the Spanish patrimonic landscape: Roman nymphaea and Andalusian 
marabouts. The essence around which both sorts of architectures was developed is divine inspiration. And 
both show the same structural features: a place for recollection with facilities for other purposes added later 
on; and closeness to water or even a concious use of its qualities. We shall see the relationship between water 
in movement, naturally or artificially, and divine intoxication, fundamental characteristics shared by the cults 
we intend to research: Greek nympholepts and Muslim eremites. In order to do so, we shall sumarize the 
most interesting sites: ancient shrines to the nymphs in karstic grottos; Roman fairy-tale-like fountains and 
gardens; hydraulic buildings in Roman Hispania; Christian assimilation of such activities and powerful places 
in monasteries and chapels; and Moroccan marabouts, of which there is a spectacular example in Granada.  
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It is a reality that the farther from the city people are, the more aware of Water care. In undeveloped 
countries, there´s continuous propaganda about Water care and social programs whit the same purpose, but 
still, there’s no good response from the people about it. Despite all this, incredibly, there are no conscious 
actions, which could be because the care of the natural resources, wasn’t taught at home. 
  
On the other hand, ecological practices have been useful for Water care, but they are more used in towns 
with water restringing. Using techniques like rainwater capture is more accepted and used than in developed 
cities, where this goes to the background. We can find out then two notorious differences: the culture gap 
and the development of the human settlement. Then, how to raise awareness of those who have more 
accessibility to the resource. 
  
Nowadays, gamification is a powerful tool to learn about water care. Unfortunately, in México, there has been 
little use to raise awareness about the importance of this resource. Most of the games have been developed 
in countries with a different reality than ours. Such a situation makes them out of our reach, unavailable to 
arrive, hard to find, difficult to understand (due to language), and sometimes they have outdated links. All 
these situations make the action aware through games more complicated. To get an approach with our 
students in the care of water, we need to make them understand the “problem” of lack of water in a simple 
way, so we decide to make a quest with them. Since the mechanisms to get the conscience of the water care 
through games, currently are still under development in our country. 
  
We find out they must be designed and applied according to the place where an impact is necessary. Such an 
impact on the people will depend on the cultural heritage they had and the available infrastructure. We must 
consider that something which works in one place could not work in another. Consequently, this paper 
discusses possible experiences that could be proposed to raise awareness more appropriately at Guanajuato, 
México. Such purpose will consider the place and its infrastructure, time, and cultural background.
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Guadiana Springs are an exceptional landmark where the surplus water of the largest Spanish aquifer used to 
emerge, setting an oasis that powered up to sixteen watermills located along forty kilometres of the river’s 
upper reach. Such industrial hub lasted until the second half of the last century, when a fatal combination of 
drainage work and aquifer overdraft brought along a distressing parched and scorched land where water and 
life had been dominant for centuries.  
 
Based on the “to know is to conserve” principle, this independent PhD research, developed at Regional Centre 
Water Research of Civil Engineering Faculty (UCLM), aims to evoke this matchless ancient engineering system 
through an integrative and multidisciplinary approach. It embraces the whole life cycle through three main 
aspects: lost hydraulics, genesis, and downfall. The ultimate target is to boost social awareness and demand 
consistent conservation policies towards our hydraulic heritage, essential to revive traditional and sustainable 
water uses.  
 
The aim of this second section is to attempt to shed light on the likely origins of such hydraulic infrastructure, 
by assessing the most probable driving forces that promoted its uprising. The logical and intuitive 
methodology commences by outlining the earliest known literary, historic, and archaeological references on 
these ancient works, as well as their surrounding settlements, which played a key role in human development.  
 
Follows a technical analysis on pristine hydropower machinery types and required ancillary civil works, to 
approach the pure historiographical assessment on those key factors influencing the expansion of hydraulic 
works until Renaissance. It also infers a bidimensional technological diffusion pattern and probable 
engineering fluxes experimented over the Mediterranean and Middle East regions, focusing on riverside 
assets, and downscaling into the Central Iberian Peninsula, where La Mancha plain lays.  
 
The geo-historiographic outcome is backed by a compilation of real examples of Iberian riverine hydraulic 
works referenced during the Middle Age, soon after the Christian subjugation of Al-Andalus, a climatic 
revision, and an analysis of the pathways network evolution over the study area. To conclude, a relationship 
between work typology and likely construction period is established, distinguishing those watermills that 
would have disrupted the due operation of the system.
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The Roman aqueducts were important engineering projects that had already aroused the interest of their 
contemporaries. The most recent data show more than 70 known aqueducts on the Iberian Peninsula. In 
some cases we only have knowledge of their existence thanks to historical references that allude to their 
construction or reparation, but there are usually archaeological remains linked to different elements of the 
pipelines. Also, although most of the cities that built aqueducts only had one of them, there are also examples 
of cities in Hispania that benefited from the water carried by several of these water channels. The objective 
of this paper is to present a brief analysis of the question of the studies on Roman hydraulics in the Iberian 
Peninsula, with special emphasis on the state of knowledge of the Roman aqueducts of Hispania. 
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Youth employment is a global policy priority and critical for economic and social growth. However, there has 
been limited focus on youth on small-scale irrigation schemes in sub-Saharan Africa. This study contributes 
to this gap and explores young people’s involvement in on- and off-farm work and work away and the 
influences and constraints they experience. Quantitative and qualitative data were collected from six schemes 
in Mozambique, Tanzania and Zimbabwe, using a household survey (n=402) and focus groups (n=5). Key 
findings from the quantitative analysis includes: higher proportions of young people unemployed; on-farm 
work the dominant work for all age groups; the 15-24 age group having the highest proportion of off-farm 
work; young people combining irrigation with other work; household size, land area and household revenue 
having significant influences on young people’s work; lower proportions of young people being households 
heads, and young household heads most likely to be male;. Young people faced similar challenges to many 
small-scale farmers, but their ability to contribute to scheme decision-making was limited and land access 
was not always equitable. Future policy initiatives for small-scale irrigation schemes should consider: how 
schemes are linked to job creation in their local economy; legitimate ways to foster young people’s 
involvement in scheme decision-making; and encouraging locally appropriate innovations for equitable access 
to irrigation plots. Further research could help understand the complex interplay of household and individual 
characteristics that influence work options, the role of irrigation as a component of young people’s work and 
barriers that limit off-farm opportunities
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The Sibinacocha Glaciar Lake (SGL) is located in the upper zone of Salcca’s basin in Cusco Peru. The lake is of 
great importance from an economical and energetical point of view, and represents a basic source of water 
for the nearby population. Although the economic and social activities that depend on the SGL rely on the 
melting of the surrounding glaciers, the perception that the inhabitants of the area have regarding the glacial 
retreat in the SGL basin is still unknown. This research compares the social perceptions with the glaciar retreat 
in the SGL basin. The study is based on a multitemporal analysis (1992-2020) of Landsat 8 satellite images, in 
which, through spectral indices and manual corrections, an average retreat of 30% was estimated in the study 
basin. In addition, coincidences were identified between periods of retreat/ growth and periods of El Niño/La 
Niña events. The information related to social perceptions was collected from surveys carried out in 
november 2020 to 154 people from the town of Phinaya (located at 5 km from the SGL dam), the results 
reported that 50% of those surveyed identified a glacial retreat, 40 % expressed concern regarding the glacier 
retreat, while 70% identified a more acceleread retreat in recent years compared to the last two decades. 
The last finding was consistent with the average retreat slopes between the years 1995-2020 and 2015-2020. 
Finally, an analysis of the respondents background was carried out in order to find relationships between the 
responses to the surveys and variables such as: age, economic activity and sex.
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In recent years, due to the intensification of climate change, the concept of resilience has been widely applied 
to urban flooding as a basis for disaster management or construction of flooding control. Nevertheless, most 
studies only define a framework and don’t use quantitative index to evaluate resilience. Using the region in 
New Taipei City, Taiwan as the study area, the 3Di Hydrodynamic Model was used to simulate the time- varied 
inundation condition under the climate change scenario (700mm in 24 hours). This study established a 
quantitative Flood Resilience Index (FRI) by selecting physical and socio-economic factors introduced from 
ISO 14090 climate change risk guideline. The results could assess the degree of resilience of an area over time 
and assist the government to make efficient decisions under limited resources in the flood. 
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Traditional engineering education has focused on design principles and the integrity of products. It includes 
the designs for water supply and sanitation systems, water resources management, hydraulic structures, to 
name a few. However, this approach has led to a gap in design and implementation, leading to challenges in 
product uptake and sustainability. Water is central to several Sustainable Development Goals (SDGs), creating 
a web between the technical, environmental, social, financial, policy, and governance subsectors. Water 
engineers are critical to attaining the SDG goals; therefore, they must be trained to acquire the skills required 
for the task. For example, the WASH humanitarian sector has reiterated that the lack of the right expertise 
has been a bane to the delivery of interventions. Sustainable water projects must incorporate techno-centric, 
eco-centric, and Socio-centric concerns. A redirection of the water syllabus to include all the necessary aspects 
is the step towards transferring and acquiring the required skills. Content review is critical when water 
education sits within a civil engineering program. This paper presents calls for interdisciplinary engineering 
education from literature. It highlights the benefits of interdisciplinary water engineering education. The 
paper also provides approaches taken by the author to design and deliver interdisciplinary water modules 
and feedback from the students on each of the approaches. Overall, advocates for educators, universities, 
and training institutes to produce graduates who understand water engineers' dependence on other sectors 
for successful and more-sustainable solutions for society. 
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The development and utilization of the hydropower plants is important in achieving the Sustainable 
Development Goals (“SDGs”). The Kansai Electric Power Co., Ltd (“Kansai”) has been working to repower its 
existing hydropower plants and to develop hydropower plants in Japan and abroad.  
With this in consideration, Kansai, as a head shareholder, worked on the development of the Nam Ngiep 1 
Plant, and made an important role in introduction of highly reliable equipment for the plant during planning 
and construction. This paper introduces the construction technologies and management practices for Nam 
Ngiep 1 Hydropower Plant. 
The Nam Ngiep 1 Hydropower Plant consists of two dams and power stations, situated on the Nam Ngiep 
River. Commercial operation commenced on September 5th, 2019. The main power station, which has a 273 
MW capacity, exports energy to neighboring Thailand. A re-regulation power station with an 18 MW capacity 
was built downstream from the main power station to regulate the water level downstream. The re-regulation 
power station supplies energy for demand in Laos. 
During the planning phase, owner’s engineers representing Kansai attempted to design an optimum 
equipment configuration with high reliability in order to realize stable and sustainable operation. Equipment 
configuration, such as oil supply system and water supply system were designed to decrease power 
generation outages due to maintenance or accidents. An oil-water separator was installed and non-oil 
lubricating was applied for runner operating mechanism to prevent oil from spilling into the river, taking 
environment preservation into consideration. Furthermore, Kansai made efforts toward grid system stability. 
A governor free, automatic generation control (AGC) system, with automatic frequency control and 
generating units with black-start capability and line charge capability, was equipped in the main power 
station. 
During the construction phase, assembly and installation of electrical and mechanical equipment was carried 
out in parallel with civil engineering work to shorten the construction term. For example, the stator was 
assembled inside an air-conditioned vinyl house in order to ensure designated quality. Safety measures, such 
as monthly safety patrols, were implemented in accordance with the standards of Kansai. Additionally, Hitachi 
Mitsubishi Hydro Corporation, the electrical and mechanical works contractor, continued to enhance worker 
safety awareness using safety education and instruction materials in four languages, according to the workers’ 
nationalities. 
The above achievements are expected to be useful references for construction technology and management 
practices in hydropower development to ensure safety and high quality.



Theme 1 

Human-water relationships 
 

 

Assessing water distribution systems across indicators based on 
Sustainable Development Goals 

Ms Camila Andrea García1, Dr P. Amparo López-Jiménez1, Dr. Modesto Pérez-Sánchez1 

1Universitat Politècnica De València, Valencia, Spain 

Theme 1: Human-water relationships (3), Andalucía III, junio 21, 2022, 8:30 - 10:00 

Given the conditions of the current society, it is a challenge to manage water resources sustainably, that can 
achieve all the goals set by the SGDs. Water systems are under great pressure due to social and technological 
development. It puts the quantity and quality of the resource at risk for future generations. However, through 
sustainable management of water resources, it will be possible to satisfy the present needs without 
compromising its long-term capacity. The sustainability of hydraulic systems must be considered globally to 
integrate all the aspects that affect the whole concept, such as the economic, social, technical and 
environmental fields. To do this, the characterization and proposal of key performance indicators (KPIs), 
which allow water managers to audit and assess their hydraulic systems over time is crucial. These indicators 
will be able to evaluate the different processes of hydraulics systems as the infrastructure, operation, 
maintenance and administrative part.  Furthermore, these KPIs will be able to measure the degree of 
achievement of the goals of the Sustainable Development Goals (SDG) in which water engineering 
participates. A correlation between quantifiable variables in hydraulic systems (e.g., distribution networks, 
treatment plants, collection and purification, among others) and these KPIs can be expected, being able to 
classify the system within a particular range of sustainability achievements.  This contribution presents and 
analyzes in-depth the scientific-technical interest of knowledge of the proposed sustainability indicators, 
which allow quantitatively evaluating those SDGs in which water engineering intervenes. For the 
implementation of the KPIs, first a characterization must be carried out of the hydraulic system and the water 
bodies involved, in order to have a memory of the evolution of the complete system. When these indicators 
are proposed and their implementation is carried out together with the analysis of the database, the 
possibility of establishing a benchmarking on the sustainable aspects of the water distribution system would 
represent a design, diagnosis and management tool, which will improve sustainability in hydraulic systems. 
Improving the performance of the systems, not only the targets of goal 6 are achieve but also helps to achieve 
other associated goals which highlights the relevance of the sustainability in hydraulics systems.
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Urbanization, or the concentration of population in cities, is an irreversible social and economic fact. At 
different levels and with different growth rates, it exists in all continents, in developed and developing 
countries. In Latin America, for example, the urban population is close to 75%. Urban growth and its potable 
water demand normally exceed, in large cities, the annual recharge of the local aquifer, usually the first source 
of water supply, requiring aqueducts to transfer water from non urbanized neighboring basins, creating water 
conflicts between urban and rural populations. 
These water conflicts should be handled taking into consideration present and future agricultural and urban 
water requirements, promoting its efficient use, its equitable access, and preserving its sources, in quantity 
and quality. They should be dealt in a multidisciplinary way, from its economic and technical feasibilities to 
its social aspects, with the participation of all social and institutional actors, to reach long term agreements.  
It is presented, from the technical discipline, a general model for grand vision planning to determine, for 
typical cities from 1 to 20 million inhabitants, the scale of its local aquifer mining and depletion, deducting 
from the urban withdrawal the annual aquifer recharge. Along with the evaluation of time available before 
total aquifer exhaustion, increasing water withdrawal costs are compared to the typical costs of building 
aqueducts from neighboring basins.  
The general model, comprising a city model, a recharge model, an aquifer model, a wellfield model, an 
aqueduct model and a distribution network model, is developed and presented in graphs showing city 
population, occupied territory, population density, annual per capita  water provision, recharge areas, 
precipitation (from 500 to 1500 mm), recharge area/urban area ratio, recharge/precipitation ratio, local 
aquifer characteristics, and the potential sources for the importation of water, with distances and topographic 
profiles for the required aqueducts. Real cities can be plotted in these general graphs, showing patterns and 
tendencies. It is applied to three Mexican cities with 1, 4 and 20 million inhabitants.  
The model is based in the statistics for large cities published by international organizations, defining model 
cities by its population, territory and population density; in the estimation methods of aquifer recharge 
reported in the groundwater literature, and in aqueduct models previously developed and published by the 
authors. 
Through distribution network models, the effects of urbanization in the water networks are discussed, and 
the ways of attaining more efficient and resilient networks.   
It is concluded that large cities require importation of water through aqueducts, in amounts depending of its 
specific hydrological and geohydrological condition, with its consequent water conflicts, to be solved under 
the principle: “same for all, for ever”. 
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In the Colombian Caribbean, the shaping of the landscape and the history of use of the large river basins have 
created human communities with a close connection to water. Experts call it amphibious cultures to show 
that this is a complex and adaptive way of life to water regimes (Ricaurte et al, 2019). However, little has been 
explored of coastal lifeways, of those populations that inhabit lagoons of the Caribbean coast and that 
circulate offshore for fishing and navigation. These coastal and marine populations, mostly Afro-descendant 
peoples, have developed a model of use and socio-ecological relations with the ocean, with the Greater 
Caribbean, which show a maritories (maritime territory) that connects Colombia with Insular America 
(Márquez 2019). 
 
This paper wants to emphasize the complex social and environmental realities faced by the coastal peoples 
of a fraction of the Colombian Caribbean, in Cartagena, which have been rapidly transformed by the tourism, 
port and hydrocarbon transport industry. These populations belong to ethnic groups and have not had 
sufficient state recognition to participate in the regulatory decisions that link the coasts and the sea to models 
of privatization or statization.  All this, with the aggravating factor that many of the models analyzed in the 
northern coast of Colombia are presented as sustainable models, but in practice degrade natural systems and 
violate the rights of local communities.  
 
Theoretically, these analyzed cases show the transition from coasts and the sea as a common good of local 
communities, to a mixture of private or state-controlled goods that are inserted in coastal management 
models that are presented as sustainable and inclusive models (Said et al. 2019). Therefore, based on data on 
the degradation of natural and social systems in the region, the notion of sustainability that underlies national 
maritime management policies and that accentuates regulation patterns on the sea tending to scenarios of 
exclusion of artisanal fishing communities is problematized. An already complex context that is exacerbated 
by the negative impacts of climate variability, with the devastating effects of commercial-industrial fishing 
and ocean pollution (Douglassa & Cooperc 2019).  
 
However, from the fieldwork elaborated in 2020 and 2021 by the authors, it will be shown that fishermen, as 
good connoisseurs of adversities, generally rethink their practices and adapt to gradual or abrupt changes in 
ecosystems (sea-level rise, frequency and intensity of severe weather events), to the extent that their bond 
with the sea goes beyond the trade, the economic activity. For fishermen, fishing is an identity practice that 
requires the sea for its survival. 
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