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Abstract

The community-owned rural water supplies in the rural areas of Galicia developed spontaneously in response to the his-
torical shortcomings of local administrations, which are a clear example of commons management strategies. They have
developed a water self-management model integrated into a complex network of actors. More than one-quarter of the total
population rely on these systems. However, a large part of supplied water does not comply with the sanitary standards due
to deficiencies in the system’s design, operation, and maintenance and the water catchment protection. Furthermore, the
owners face difficulties complying with basic legal requirements due to the complexity of the regulatory framework and the
lack of training of the water board members. COXAPO (‘Comunidad Xeral de Augas de Galicia’), an association of 150
community-owned water supplies, advises, trains, and supports the water boards for the legal, administrative, economic, and
technical systems management. As a result, it gets the systems legally compliant concerning the institutional management
and quality of supplied water. The success of this network governance recommends a role to the administration in promoting
the networking of water boards by supporting the existing water supply associations and encouraging their constitution or

provisioning equivalent services in regions where they do not exist.
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1 Introduction

The end of a global and local natural resource management
cycle, which began with the significant development of
drinking water management in the last quarter of the twen-
tieth century, is occurring nowadays. The massive imple-
mentation of public policies and services within this stage
has been related to implementing welfare models and aimed
fundamentally at the vast urban population concentrations
established around megacities and global metropolitan areas.
In this context, the rural environment and its former popula-
tion settlements have been losing demographic weight in the
overall population of states.

In the case of Europe, this phenomenon of urbanisation
and global metropolitanization (Brenner 1999) presents a
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distinctive feature: In 2018, 39.3% of the population lived
in the cities, 31.6% lived in towns and suburbs, and 29.1%
lived in rural areas (EUROSTAT 2020); and some rural and
urban territorial structures are maintained (“urban-rural
continuum”, EUROSTAT 2021) in which elders continue
to live with increasing problems of access to services and
in situations of vulnerability and poverty (European Com-
mission 2021; Kiss 2021).

The European diversity and the different models of wel-
fare democracy have allowed rural people to continue to
live in their environments and maintain a range of govern-
ance and common management strategies. The manage-
ment of natural resources in those rural environments has
been the subject of analysis by numerous studies of the
commons, including those of “common-pool resources”
models by Ostrom (1990, 2001) and Poteete et al. (2010).
Water management has always been of enormous relevance
in these studies, as it is essential for population fixation,
outflow, or “expulsion” (Sassen 2014). The cooperatives in
the water sector, which are generically referred to as “com-
munity-owned rural water supplies”, are a clear example
of a new model of water governance (Huitema et al. 2009)
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and remaining common self-management in rural environ-
ments in Europe (OECD 2011). This phenomenon is particu-
larly relevant in Spain (e.g., Fornés et al. 2005; Romay and
Gaiete 2007; Costeja 2009; Bukowski 2011).

The technical and economic feasibility of centralised
infrastructures in rural areas of Galicia, a Spanish region
located in the northwestern corner of the Iberian Peninsula
(Fig. 1), is severely limited by the distance from rural to
highly populated areas, the wide dispersion of population,
and the significant required investments to undertake them.
Local people have developed spontaneously autonomous
water supply systems in response to the historical shortcom-
ings of local administrations. They consist of private wells
and small rural supplies which collect water from springs
and supply one or several houses. According to Romay and
Gafiete (2007), more than one-quarter of the total popula-
tion rely on groundwater through autonomous-traditional
solutions in the watersheds of Galicia. Furthermore, some
people refuse the connection to an available centralised sup-
ply system or combine both systems due to the lower price
of water in the traditional systems. The research performed
within the framework of the LIFE Aqua-plan project (EC-
CINEA 2021a) and LIFE Rural supplies project (EC-CINEA
2021b), founded by EU, shows that in Abegondo municipal-
ity, a rural area in Galicia, only 40% of the homes have a
connection to the municipal system. However, it is available
for 90% of homes (Naves et al. 2021a,b). Moreover, a part of
connected homes uses water from the centralised municipal
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system to complement the water from the wells and those
small rural supplies.

Users are responsible for infrastructure construction,
operation, maintenance, supplied water quality, and legal
and administrative requirements in the small rural water
supplies. Users’ cooperatives are constituted for the con-
struction and management of the systems, except for the
individual or very small ones. They have developed a water
self-management model based on traditional rural govern-
ance and commons management strategies, contributing to
environmental, social, and territorial sustainability. How-
ever, these communities are integrated into a complex net-
work of actors in which the national, regional, local, and
basin district administrations participate and productive sec-
tors and neighbours are also included (Naves et al. 2021a,b),
defining multi-level governance (Ostrom 2010) and hybrid
management (Christensen and Legreid 2011).

This work reviews the main governance and self-manage-
ment problems of the community-owned rural water supply
in Galicia, based on the results of several previous research.
It then shows how the role played by COXAPO, an asso-
ciation of water systems that advises and supports the self-
management of its members. The success of COXAPO’s
network governance shows how a simple support structure
can overcome most of the identified problems. From a geo-
ethics point of view, it is interesting to address whether it is
possible to establish such a support infrastructure on a wide-
spread basis in the region and who should be responsible for
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Fig. 1 Location of Galicia and the community-owned water supplies partners of COXAPO
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implementing it. That approach is based on the developing
concept of hydrogeoethics aimed at ethics and best practices
related to responsible groundwater science and engineer-
ing management and interrelated dimensions such as envi-
ronmental law, social sciences, and cultural and traditional
values (details in Abrunhosa et al. 2021).

2 Methodology

This study analyzes the community-owned rural water sup-
ply in Galicia based on the scarce literature and several
previous research projects. This analysis is approached first
from the point of view of resource availability, including the
estimated effect of climate change. Next, the quality issues
of the water supplied by these systems are assessed follow-
ing the regulations for human consumption. Finally, the dif-
ficulties encountered by system managers in carrying out the
mandatory administrative procedures and complying with
the complex regulatory framework are presented.

Afterwards, COXAPO, an association of community-
owned water supplies, is described, and its role in the
governance and management of the 150 associated supply
systems is assessed. The research is based on the techni-
cal documents provided by the managers of COXAPO and
interviews with the COXAPO’s technicians and with water
boards of most of the systems. The documentation includes
the registration and deregistration book, and reports on the
structure of the association and management protocols.
Several meetings were held with COXAPO managers and
technicians during 2020 to discuss the organisation of the
association and the main identified governance problems.
Information was provided on the different systems, such as
the description of the infrastructure, the mechanisms for
monitoring the supplied water volume and the quality of the
water, incidences of poor water quality, etc. This information
was cross-checked and complemented by interviews with
water boards of most associated systems performed between
January and July 2020. Finally, the advantages of the net-
worked water governance approach proposed by COXAPO
and the administration’s role in this multi-level governance
scheme are discussed.

3 Context: the reality of the rural water
supplies in Galicia

The community-owned rural water supplies in Galicia have
not been deeply analyzed as a whole. However, studies have
been carried out in some areas that allow general conclu-
sions to be drawn. For example, the autonomous rural water
supplies in the south of Abegondo municipality, located in
the study area, were studied in depth within the LIFE Rural

Supplies project (Ameijenda 2017; Samper et al. 2021), aim-
ing to identify their main threats to strengthen their sustain-
ability. Derived conclusions are consistent with those from
other research in the study area related to groundwater man-
agement (Naves et al. 2021a,b) or the impact of civil engi-
neering works in groundwater (Li 2012; Samper et al. 2019).

3.1 Groundwater resources

The granitic and metamorphic rocks that dominate the study
area have traditionally been considered almost impervious
or very low permeability. Therefore, their groundwater
resources have usually been neglected in planning and water
management (Raposo et al. 2012). However, the traditional
use of shallow groundwater proves that the weathered and
fractured rock stores significant water volume that should
not be neglected in the water resources evaluation. Further-
more, a few studios of groundwater resources in this region
estimate the recharge to be between 8 and 20% of the pre-
cipitation rate (900-2500 mm year™') (Soriano and Samper
2000; Xunta de Galicia 2015; Raposo et al. 2012; Naves
et al. 2021a,b; Samper et al. 2021). Thus, the problems of
guaranteed supply observed in some water supplies are gen-
erally more related to infrastructure design and management
deficiencies than the availability of resources.

According to Samper et al. (2021) and Raposo et al.
(2013), the expected effects of climate change in a water-
shed of the study area at the end of the twenty-first century
include a decrease in groundwater resources (6—12%), a pos-
sible slight decline in the water table, and a concentration
of recharge in shorter periods. Consequently, the reduction
of groundwater resources should not affect their availabil-
ity to meet demand. However, supply problems could arise
in some systems that draw water from springs due to the
decline of the water table by a few meters in periods of
drought. Those problems could be overcome by deepening
the water catchments or drilling wells.

3.2 Water quality

There is a concern about drinking water’s chemical and
microbiological quality in the community-owned rural
water supplies due to the owners’ lack of proper water qual-
ity control. Users assume that the water is of good quality,
because it has been consumed traditionally. In many cases,
they do not even carry out the mandatory physico-chemical,
bacteriological, and radiological analyses established by the
regulations.

Nevertheless, reliable water quality data from previous
projects are available for the study area (Ameijenda 2017;
Li2012; Naves et al. 2019, 2021b; Samper et al. 2019, 2021
and references therein) obtained in the last years from appro-
priate monitoring of COXAPO-associated rural supplies.
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Unfortunately, data compiled by COXAPO cannot be pub-
lished due to legal data protection reasons, but the conclu-
sions derived by its technicians coincide with those previ-
ously published (COXAPO, personal communication).

Many water catchments do not comply with the sanitary
standards of supply water due to bacteriological contami-
nation (Ameijenda 2017; Naves et al. 2019; Samper et al.
2021). This situation is due to shortcomings in Naves et al.
(2019): (1) infrastructure design; (2) system maintenance;
and (3) territorial planning to take into account the protec-
tion of water catchments. To prevent this pollution requires
proper design, maintenance and cleaning of the water catch-
ments, the reservoirs, and the network. In addition, bacte-
riological contamination can be eliminated by chlorinating
the water in any case. However, many community-owned
water supplies lack a chlorination system, or it is not used
correctly.

Some water catchments located in areas with significant
agricultural or livestock pressure have shown nitrate pollu-
tion as a consequence of the poor management of the manure
in the fields, the discharge of slurry from farms, and the
inadequate planning of land use, which does not account
for groundwater protection (Naves et al. 2019; Samper et al.
2021).

Finally, the concentrations of some metals, especially
alumina and manganese, exceed the permissible limits for
drinking water at some points of the study area (Naves et al.
2021a,b; Samper et al. 2021). Those high concentrations are
related to suspended matter in most cases, and, therefore, the
pollution can be prevented by simply filtration of ground-
water. However, many systems do not account for a proper
filtration system.

3.3 Legal and administrative issues

User communities face difficulties in complying with basic
legal requirements for the management of a water supply
system. They are challenged with a complex multi-level
regulatory framework that includes European directives,
national, regional, and municipal laws and regulations. In
some cases, the water boards are unaware of or not clear
about the conditions to be met by the supply system (i.e.,
obligation to install chlorination) and the administrative pro-
cedures they have to go through (i.e., register of the water
catchments) to comply with the legal framework. Moreover,
the members of the water boards are often not trained to
understand the regulations or to carry out these administra-
tive procedures, which must be done telematically. This is
especially true for user communities with a few dwellings
and neighbours or located in clearly rural environments due
to social and demographic conditioning factors.

@ Springer

In other cases, the water boards decide not to register or
legalise a supply system. This is because it involves some
obligations (i.e., supplied water quality monitoring), and
they do not perceive any advantage. Thus, those systems do
not exist from the administration’s point of view and are not
monitored or sanctioned.

Nowadays, any water catchment in Spain legally requires
a river basin district administration, including its register.
However, most of the rural water catchments in Galicia are
not registered. It is estimated that less than 30% of existing
wells and spring catchment of rural supplies have been reg-
istered (Naves et al. 2021a,b).

The registration of any water supply system in the
National Information System of Drinking Water (SINAC) is
also mandatory. It requires forming a water board following
the regulations, establishing a sanitary protocol of the sup-
ply system, and monitoring the supplied water volume and
quality. Unfortunately, only a few of the community-owned
water supplies in Galicia are included in this register and,
therefore, legally compliant.

4 COXAPO, a community-owned water
supplies association

COXAPO (‘Comunidad Xeral de Augas de Galicia’) is an
association of community-owned water supplies which
advises and supports its partners’ self-management. It is a
formal institution that contributes to improving the govern-
ance of the supply systems and the water management of its
communities.

The origin of COXAPO is on the community-owned
water supply built and set up in operation in the 70 s of the
twentieth century in the village of Estas (Tomifio) in the
southwest of Galicia. This experience and others of busi-
ness nature of the board members generated knowledge for
informal advising other systems on water use, water quality
monitoring, and administrative and legal issues. Since 2006,
communities of users have worked together in an association
that helps them manage their water supply systems. Fig-
ure 2 shows the time evolution of the number of partners
of COXAPO. The association grew sharply from 2010 as it
became known throughout Galicia by acting as an interlocu-
tor with the administration, representing the private rural
supply systems in opposition to implementing a new tax.

Nowadays, 150 community-owned water supply systems
in Galicia are members of COXAPO, which provide ser-
vice to nearly 70,000 inhabitants, distributed among ~ 19,600
homes (Data related to March 2020). Figure 1 shows the
location of the community-owned rural water supplies,
which are partners of COXAPO. Services are provided to
community-owned water supplies in different territorial
contexts, ranging from neighbourhoods in the suburbs of a



Community-owned rural water supplies in Galicia (Spain): supporting role in the groundwater... 383

120

1

o
o

o
o

Number of water supplies
H D
o o

N
o

, |II|||||

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig.2 Time evolution of the number of the community-owned water
supplies partners of COXAPO

large city such as Vigo (296,692 inhabitants; INE 2021) to
rural communities. These contexts are socially and demo-
graphically conditioning for the population served and the
water boards. Most of them are located in the southwest of
Galicia, while some are north of the region. This implies
differences in climate and natural environment. Furthermore,
they are spread over 25 municipalities, and there are dis-
tributed between two different river basin districts (Fig. 3):
Galicia-Costa and Mifio-Sil river basin districts, having dif-
ferent structure and hydrological planning (Augas de Galicia
2015; Confederacion Hldrografica del Mifio-Sil 2015). This
involves a context of institutional complexity.

On the other hand, the associated communities of users
have an enormous variability and asymmetry in the number
of users (supply units or homes). Figure 4 presents the dis-
tribution of sizes of the water supplies. The average size of
the community-owned water supplies is ~ 130 users, but it
ranges from a minimum of 6 users to 1100 users.

COXAPO has defined a common network governance
system and institutional management for all user communi-
ties, regardless of complexity and diversity. It includes a dual
dimension, socio-institutional, and organisational, reflected
in the association’s organisation chart (Fig. 5). The socio-
institutional dimension articulates a system of collective
decision-making that complies with Spanish regulations on
associations. The organisational dimension accounts for a
technical office that works with the boards of the user com-
munities. It provides support for the legal, administrative,
economic, and technical management of the systems.

The technical office guides each user community in its
constitution as an association, drafting its statutes and reg-
istration in the SINAC. It analyzes each supply system and
proposes the necessary improvements to comply with cur-
rent legislation and, above all, to supply water with health
guarantees. These improvements mainly include: (1) draft-
ing the authorisation for water abstraction from the river
basin district; (2) improvements in the design of the water
catchments, reservoirs, and network including the use of
appropriate materials and signalisation; (3) the installation
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of an adequate filtering and chlorination systems; and (4) the
placement of a general water meter. Then, each water board
works together with the water office to develop a document
that contains: (1) a detailed description of the system; (2) the
protocols for its operation, maintenance, and cleaning; and
(3) the identification of potential risks of system failure or
water pollution and the foreseen measures in case they take
place. Notice that the compliance of the operation, mainte-
nance, and cleaning protocols include the good condition of
the infrastructure and to keep up to the day the compulsory
registrations of supplied flowrate, water quality analyses,
chlorination system operation, control and registration of
catchments and reservoirs, reservoir and network cleaning,
and system incidents.

On a day-to-day basis, COXAPO trains, advises, and sup-
ports the water boards in the economic and administrative
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management, carrying out legal procedures, and complying
with the protocols for the operation and maintenance of the
network. As a result, on one hand, the diverse community-
owned water supplies within COXAPO comply with all the
current legislation and, on the other hand, they are capa-
ble of self-manage drinking water with sanitary guarantees
through a proper design and maintenance of the supply sys-
tem and the protection of the water catchments.

5 Results and discussion

Despite the global phenomenon of urbanisation and metro-
politanization, people in the rural areas of Europe continue
to live in their environments and maintain a range of govern-
ance and commons management strategies. For example, the
community-owned rural water supplies in the rural areas of
Galicia developed spontaneously in response to the histori-
cal shortcomings of local administrations, which are a clear
example of that. They have developed a water self-manage-
ment model integrated into a complex network of actors.
The national, regional, local, and basin district administra-
tions participate, and productive sectors and neighbours are
also included. More than one-quarter of the total popula-
tion relies on these autonomous-traditional solutions in the
region.

Galicia is not a unique case. Local-scale water supplies
are the backbone of water supply in the entire European
region (WHO 2011). About 109 million people are estimated
to be served by small water supplies representing 22% of
the EU population, which is by no means negligible (Huls-
mann and Smeets 2011). However, an urgent lack of reliable
information on such supplies, the number of people served,
and where they prevail. For example, around 3% of the total
population in Scotland is served by more than 17,000 private
small rural water supplies (DWQR 2021; WHO 2011; Scot-
tish Water 2021). The percentage increases to 6% of the total
population in Ireland (Irish government 2020). In the federal
states of Bavaria and Baden-Wiirttemberg in Germany, more
than one-third of the population is served by small public
supplies (WHO 2011).

The analysis of the community-owned rural water sup-
plies in some areas of Galicia showed deficiencies in the
system design, operation, and maintenance and in the water
catchment protection that results in water quality problems.
A large part of supplied water does not comply with the
sanitary standards due to bacteriological contamination
and, in some cases, to high concentrations of nitrates and
some metals. Furthermore, there is no water quality moni-
toring in many of those systems, since owners are the only
ones responsible for it. They assume that the water quality
is good, because it has been traditionally consumed. This
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situation poses a public health problem that needs to be
addressed.

Hulsmann and Smeets (2011) stated that European
authorities lack information on the occurrence and monitor-
ing of small water supplies and the water quality they supply.
They also concluded that EU-wide, not more than 60% of
the smaller water supplies deliver water that is compliant
with the requirements of the EU Drinking Water Directive
98/83/EC, according to the results of the WEKNOW study
(Hulsmann and Smeets 2005) and of that performed in 2008
by DGENV European Commission (not available). The
identified water quality problems were: (1) microbiological
contamination; (2) man-made pollution such as nitrate and
pesticides; (3) naturally occurring constituents of geologi-
cal nature such as arsenic, iron, manganese, and sulphate;
and (4) organoleptic parameters such as colour, taste, odour,
and turbidity. These conclusions are consistent with those
obtained for Galicia.

Therefore, the questions are: who is responsible for
addressing the problem of water quality in the community-
owned rural water supplies in Galicia, and how could it be
solved?

According to the law, the administration provides all resi-
dents with a water supply suitable for human consumption.
However, since the construction and management of cen-
tralised supply systems in rural areas are not sustainable,
the administration should improve the small autonomous
rural supply systems, incorporating a filter and a chlorination
system, establishing protection measures in the catchment
areas and monitoring water quality of the groundwater. In
this respect, the legislation and regulations already require
water treatment and monitoring of the condition of instal-
lations and water quality to the owners of the community-
owned rural water supplies.

However, the legal framework requirements are challeng-
ing to meet due to the actual conditions of the community-
owned rural water supplies. On one hand, it is due to the
complexity of the regulatory framework with different levels
of administration (national, regional, municipal, and river
basin districts). As a result, the water boards are unclear
about all the administrative procedures they have to carry
out or all the regulations they must comply with. On the
other hand, the members of the water boards are volunteers
and, in general, do not have sufficient technical, legal, and
administrative training in water management. As a result, the
water boards are not able to properly manage their systems.
There is also no possibility to outsource the management due
to financial constraints.

Besides, the administration cannot demand a quality of
service from the neighbours trying to overcome a deficiency
in their functions. An appropriate solution to this problem
must therefore share the responsibility between the admin-
istration and the water boards.

The analyses of the role played by COXAPO in its part-
ners have shown that the association gave advice and support
to the water boards to ensure compliance with the regula-
tions and their capacity to self-manage drinking water with
sanitary guarantees. It has not been possible to find any well-
documented cases of other European associations of com-
munity-owned rural water supplies, except for the National
Federation of Group Water Schemes (NFGWS) in Ireland.
The NFGWS is an association of over 400 Irish community-
owned water supplies serving more than 65,000 households
(Brady and Gray 2010). It provides guidance and support to
partner water boards, and leads programs on water quality
assurance, water board capacity building, water education,
water resources, and environmental protection (NFGWS
2021). Furthermore, it represents all the community-owned
rural water supplies as a partner in hydrological planning
and the analysis of administration regulatory proposals.

The success of the network governance model conducted
by COXAPO in Galicia and NFGWS in Ireland shows the
desirability of an entity playing a similar role in the guid-
ance and support of water boards. With the intention that the
systems and the administration share the responsibility for
providing quality water supply, the administration should
support these entities where they exist and encourage their
constitution in regions where they do not exist.

6 Conclusions

More than one-quarter of the total population rely on
community-owned rural water supplies in the rural areas
of Galicia. The available groundwater resources allow the
demand of the systems to be met, even taking into account
the estimated effects of climate change. This system’s pos-
sible lack of security of supply is generally more related
to infrastructure design and management deficiencies than
resources availability. A large part of supplied water does
not comply with the sanitary standards due to bacteriological
contamination and, in some cases, to high concentrations of
nitrates and some metals. Bacteriological contamination is
a consequence of deficiencies in the system design, opera-
tion, and maintenance and in the water catchment protec-
tion. Nitrate pollution is observed in areas with significant
agricultural or livestock pressure due to the poor manage-
ment of the manure in the fields, the discharge of slurry
from farms, and inadequate land-use planning. Finally, the
concentration of some metals which exceed the permissible
limits for drinking water at some points is of natural origin.
Besides, user communities face difficulties complying with
basic legal requirements for managing a water supply system
due to the complexity of the regulatory framework and the
fact that the members of the water boards are not trained to
understand the regulations or carry out administrative duties
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procedures. The importance of systems in Galicia’s rural
areas and their main problems and challenges coincide with
those reported for other rural areas in Europe.

The 150 community-owned water supplies associated
with COXAPO have defined a common network governance
system and institutional management for all user communi-
ties, regardless of complexity and diversity. They are aware
and concerned about the need to supply water that meets the
quality standards for human consumption and preserve water
resources’ quality. They are informed of the conditions to be
met by the supply systems and the administrative procedures
they have to go through to maintain the self-management of
drinking water with sanitary guarantees and comply with
the legal framework. Furthermore, they account for a techni-
cal office that trains, advises, and supports the water boards
for legal, administrative, economic, and technical manage-
ment systems. As a result, all these water supply systems are
legally compliant regarding institutional management and
the quality of supplied water.

The success of the network governance model conducted
by COXAPO in Galicia and also by NFGWS in Ireland
seems to recommend to the administration a role in promot-
ing the networking of water boards, the strengthening of
the existing community-owned water supplies associations
and the provision of information, training, and support ser-
vices to the water boards where this kind of associations
do not exist. Support to water boards is expected to result
in increased compliance with legal requirements and, as a
consequence, improved systems and quality of the water
supplied.
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