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Foreword
In recent decades, the growth of human
pressure (in changing land use for housing,
industry, as well as for tourism and aquaculture) had negative impacts on water resource
availability. This caused decreasing natural
groundwater recharge and, in coastal areas,
conditions for saline intrusions and, generally, deterioration of water quality and wetland
ecosystems more than in any other environment. In particular, Mediterranean coastal
areas are experiencing relevant changes in
water uses (with inter-annual high variations),
as well as conflicts for allocation and management, especially concerning agricultural
and touristic water uses. Those phenomena,
by reducing and worsening water quality, entail not only the loss of potential resources
for drinking water use, but may also affect
the salinization of agricultural soils.
Regarding climate change, soil water content
reduction, resulting from higher evapotranspiration due to increasing temperatures,
combined with rainfall reduction in late spring
result in a larger irrigation demand in order
to maintain current agricultural production
volume. Climate changes will have a stronger
impact on water resources and supply infrastructures, even more than what we can see
today. So, the decline of per-capita water availability, partly due to increasing consumption,
will contribute to increase the vulnerability of
coastal areas during dry periods. As an example, large part of Tuscany region coastal aquifers are overexploited or undergoing salinization processes (as in the case of Val di Cornia
aquifer).
Such issues, generated the development of
options, raising debates among the general
public about their “supposed” vs. “real” effectiveness and environmental sustainability.
Dam/reservoir construction and operation,
for example, requires long time (also for the
social acceptability of these choices); large
land areas may be modified and construction
costs may consist in dozens of millions of
euro. Should the reservoir be of limited storage (few millions of cubic meters), it does
not offer an adequate solution to water sup-
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ply problems. The potential lack of rainfall in
the wet seasons undermines the possibility of
using the reservoir in the following dry season.
Exploitation of new aquifers in the Mediterranean area is also a poorly viable option, as
almost all exploitable aquifers are currently
exploited. Other options must be carefully
assessed considering also the energy costs.
On the other hand, desalination plants still
pose issues on brine production, high costs of
construction, management and maintenance (especially with regard to costs related to
energy consumption).
The LIFE REWAT project treasures of some
state-of-the-art techniques and technologies
currently available for the management of
water resources, with the aim to prove their
effectiveness. The foreseen approach consists in implementing in the coastal plain of
the Val di Cornia area (Tuscany, Italy) five demonstrators: managed aquifer recharge, reuse of treated wastewater for irrigation, river
restoration, high-efficiency sub-surface drip
irrigation and reduction of losses from water
networks. By these means we aim at reaching
a peerless unicum in the Mediterranean basin.
Aforementioned LIFE REWAT actions, detailed
in this document, are integrated with open
source and public domain software tools for
planning and management of water resources, capacity building for technical staff of public institutions and private companies, and
communication activities on the importance
of sustainable use of water resources, aiming
at creating a common and shared vision on
the value of water.
This collection of best practices provides an
essential step to ensure consistency between
the implementation of activities and the goals
of the project. This document contains information emerged from best practices currently
available in Europe and at global scale, adapted to the peculiarity of the project context.
It offers knowledge, to the project designers,
and actors involved in the water cycle in Val di
Cornia, for proper execution of the design and
implementation of the proposed actions. For
each of the foreseen five LIFE REWAT project

actions a monograph is presented. It consists
of an introduction to the topic, followed by a
series of best-practice data sheets. These are
collected from available literature or provided
by authoritative international bodies (such
as, among the others, USGS, CSIRO, TRAGSA,
MEKOROT, IREN, etc.). Each monograph is closed by a brief presentation of the particular
pilot foreseen in LIFE REWAT, detailing key
points for a proper design. An exhaustive reference list is provided at the end.
The present document aims at supporting
the cultural growth of the technicians of the
Val di Cornia area, and at promoting the development of a solid experiential expertise.
But also, we aim at overcoming the stiff division into sectors that often permeates the
daily work of water resource managers. This
by getting involved in the arena technicians,
administrators, stakeholders at various levels
and with different backgrounds. The identified
solutions emphasize the need to adopt innovative choices- these must be able to simultaneously achieve different objectives, such as
the quantitative protection of the resource,
the improvement of the ecological status of
water bodies, resource recovery - as expressly
required by present regulations. All this with
the final aim of harmonizing the protection
of natural/agro-ecosystems with ongoing socio-economic activities.
Rudy Rossetto
LIFE REWAT Scientific Coordinator
Institute of Life Sciences
Scuola Superiore Sant’Anna – Pisa

7

The LIFE REWAT project
The LIFE REWAT project (Sustainable Water
Management in the lower valley Cornia
through demand reduction, aquifer recharge
and river Restoration) was conceived with the
goal of setting up a participated strategy for the
sustainable water resource management. The
final aim is then to assure sustainable socioeconomic development and maintenance
of agro-ecosystems of the Val di Cornia, by
reducing water consumption (in civil and
agricultural sectors), natural rainfall retention
measures, and treated wastewater reuse. All
this in order to mitigate current stresses on
the water resource.
The achievement of the above-mentioned
general objective is based on the following
four pillars:
1) to promote an integrated understanding
of the hydrological system combining
knowledge of surface water and groundwater,
to different uses of water;
2) to promote the active involvement of
various stakeholders in the management of
water resource;
3) to implement five highly innovative
demonstration measures (managed aquifer
recharge, river restoration, reuse of treated
wastewater, increase irrigation efficiency,
reducing water supply losses) that will turn
Val di Cornia in a unique example for water
management issues in Mediterranean coastal
areas;
4) to develop an integrated and participated
governance tool, also using free and open
source software, for the management of
water resources. This will end with the
drafting of a “water contract” (starting for
the experience of the river contracts): an
innovative experience for Italy, which consists
of a voluntary agreement involving both
public-private bodies, and private citizens.
It is particularly important to highlight the
high replicability of LIFE REWAT approach
in similar contexts at both European and
Mediterranean basin level.
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Cornia river flows from Metallifere hills at
875 m a.m.s.l. and it is 50 km long. Its basin
is 365 km2 large, and it runs through Livorno,
Pisa and Grosseto provinces before flowing
into the Tyrrhenian Sea. The system formed
by the lower course of the river Cornia and
the aquifers in its flood plain has been for
decades characterized by a condition of
large quantitative disequilibrium of the
hydrogeological balance. All the three main
uses (civil, agricultural, and industrial) caused
an intensive use of groundwater. Large part
of the water resource is conveyed to the Elba
Island – using a submarine pipe - to supply
about 50% of the Elba Island water needs (3.03.8 Mm3 on an overall 6.0-6.7 Mm3).
Groundwater has been largely impacted,
with hydraulic head lowering of about 12 m
in the inland lower Cornia plain. A volumetric
calculation from the 70s to 2001 estimates
in about 8 Mm3 the total water deficit, with
about 50% built up in 90s.
This change had heavy effects on freshwater
systems causing saline intrusion in coastal
water
bodies,
modifying
connected
ecosystems (particularly coastal wetlands, like
SIC/ZPS IT5160010 “Padule Orti Bottagone”
and “Parco della Sterpaia”) and salinisation
of the hydrogeologic units. Now, a trend
of middle-lower salinity is moving towards
water potable well-fields. These conditions
raise additional negative externalities, such
as subsidence phenomena, with damages to
buildings and infrastructural heritage.
As said, LIFE REWAT project foresees the setup of a series of actions for the sustainable
management of water resource in the Val di
Cornia; that consists in a set of structural (pilot/
demonstration actions) and capacity building
(education and training) measures. These
form the basis of governance processes to
share a common strategy for water resource
planning and management.
The project, initially focused on providing
a clear picture of the existing knowledge
in the area and the design and planning
of the demonstration measures. Hence,
providing from the early stages some nonstructural measures aiming to raise public

awareness on sustainable use of water.
Creating shared knowledge in technical fields
of the demonstration measures (focusing
on decision-makers, officials/technicians at
public authorities, researchers, professionals)
has been also a core activity.
More specifically, the project foresees the
design and set up of five demonstration
measures:
(1) the implementation of a prototype system
of Managed Aquifer Recharge (MAR); (2)
a treated urban wastewater pilot for the
irrigation of Campiglia Marittima football
field (TWWR); (3) morphological restoration
of the River Cornia (RR, River Restoration); (4)
measures to save water in agriculture through
use of large-scale Subsurface Drip Irrigation
(SDI); (5) a demonstration pilot for reducing
water network losses in the civil water supply
sector (WSO, Water Supply Optimization).
The actions that will be implemented during
the project are accompanied by monitoring
ones in order to verify their effectiveness on
the environment and the socio-economic
system. A relevant communication and
dissemination plan of project activities and
results, through different communication
strategies (website, social networks, media,
conferences, public events, publications, ...),
directed both to technical staff and to the
general public, is set in place.
All of these actions constitute the basis of an
agreement for the sustainable management of
water in the lower Cornia plain, a governance
tool aiming at defining a shared strategy at
medium/long term (post-LIFE actions).

Alessandro Fabbrizzi
LIFE REWAT Project coordinator
Consorzio Bonifica 5 Toscana Costa
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Collection and analysis of international experiences on Managed Aquifer Recharge

Introduction
Managed Aquifer Recharge techniques (MAR,
http://recharge.iah.org/recharge/) constitute
a solution to water shortage and drought and
an adaptation measure to climate change.
The intentional and managed recharge of an
aquifer is a process by which aquifer storage
is increased at a rate greater than natural recharge (Dillon, 2005). MAR facilities are environmental geo-engineering infrastructures
where aquifers are recharged with surface
water, groundwater or unconventional water
(i.e.: treated wastewater). These infrastructures are well-present in US, Australia and Israel. MAR is a poorly diffused technique in Italy,
and of limited use in the Mediterranean area.
A complete list of MAR techniques can be
found in Australian Government (2009), and it
is presented in the following figure B4.1.
Potential aims of MAR infrastructures are: i)
to increase water supply for drinking, irrigation and industrial use in critical periods; ii)
to re-balance water budget in overexploited
areas; iii) to control subsidence; iv) to limit saline intrusion; v) conservation of biodiversity
in agro-ecosystems and wetlands.
Compared surface water reservoirs with volume ranging from 1 to 5 Mm3, MAR facilities
present several advantages:
low investment costs (in Italy, costs
of set-up are about 1€/m3 of stored water, in
face of a minimum reservoir construction cost
of 5-6€/m3);
larger storage capabilities than surface water reservoirs because of aquifer extension;
limited transport costs thanks to the
natural capability of aquifers to transmit water;
MAR plants need limited surface for
setting up, with minimum land consumption;
as limited surface is needed, siting of
MAR plants is easier;
MAR plants can be placed on salinized
aquifers for their restoration;
there is limited evaporation, algal

bloom, insects proliferation;
MAR plants produce less greenhouses
gasses in setting up and management phases.
Adequate surveys and multi-disciplinary characterization (hydrologic, hydrogeologic, hydrochemical, etc.) is needed for MAR facility
design. This in order to verify the potential
functionality of the system, the risks of groundwater quality modifications and the economical feasibility and sustainability of the
project.
Recharge is managed in order to safeguard
human health and the environment (Dillon,
2005). This concept is fundamental in order to
avoid confusion with unintentional recharge
occurring as result of human activities (such
as excess irrigation, sewer leakage, etc.).

MAR in Italy
Italy has a long history of managing aquifer recharge. In Venezia, man-made waterbanking of rainfall in the soil dates back to the
end of the middle-age as the main source of
drinking water (Vanzan Marchini, 2009). There
is also substantial recharge enhancement
from traditional means such as river weirs
and wells near the embankments of surface
water bodies. These techniques are detailed
in M. Canavari Engineering Geology Primer
(1928). Unintentional incidental enhanced recharge through excess irrigation also occurs
as elsewhere in the world. However, in the
last 60 years other forms of intentional artificial recharge in Italy have occurred only at
experimental or demonstration level. Since
1969, about 40 experimental pilots have been
established, but not yet made a major contribution to water supply. So, it may be said
that in spite of the long history in some locations, aside from riverbank filtration (Borsi et
al. 2014), MAR in Italy is still in its early stage
of development. While in Italy water scarcity
is a major issue in the southern part of the
country, the bulk of the pilots are located in
the northern area. The aim of these pilots is
to maximize natural storage in aquifers, to
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Fig. B4.1 Typologies of MAR schemes (Australian Government, 2009).
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combat saltwater intrusion and to improve
water quality.
Since the beginning of 2010, some projects
on MAR were co-financed by the European
Commission mainly through the LIFE program
(TRUST - Tool for regional - scale assessment
of groundwater storage improvement in adaptation to climate change (Marsala 2014);
AQUOR - Implementation of a water saving
and artificial recharging participated strategy
for the quantitative groundwater layer rebalance of the upper Vicenza’s plain (Mezzalira
et al. 2014); WARBO - Water re-born - artificial recharge: innovative technologies for the
sustainable management of water resources;
Nieto Yabar et al., 2012). Nearly all of them,
use the terminology of artificial recharge instead of MAR. Following Induced RiverBank
Filtration (IRBF), infiltration ponds comprise
the most widespread method followed by dry
wells, with Forested Infiltration Areas being
the most innovative type. These are rural areas where farmers store water while growing
trees (for wood production), by deriving water
from irrigation channels during non-irrigation
season.
One of the main characteristics of these pilots is that they are focused on site characterization, investigation and hydrodynamics
issues, while little attention is generally paid
to water quality aspects. In many cases, a very
small number of piezometers (in some cases
only one) are set in place in order to monitor recharge effects. This is a critical point,
and unless addressed has potential to turn
public perception of MAR from an opportunity to a threat to ground-water. Within the EU
FP7-ENV-2013 MARSOL project (Demonstrating Managed Aquifer Recharge as a Solution
to Water Scarcity and Drought; www.marsol.
eu), a dedicated focus was posed on water
quality issues at the 15 Mm3/year IRBF plant
in Sant’Alessio (Rossetto et al. 2015), demonstrating that IRBF may constitute a reliable
(when care is paid to water quality aspects)
and important source of water.
The main barrier to development of aquifer recharge in Italy has been until 2016 the
lack of a piece of legislation on licensing MAR
plants. While recharge of aquifers has been
allowed since September 2013, as foreseen
by the EU Water Framework Directive (EU,

2000), the regulation on licensing and permitting MAR plant (impianti di ricarica della falda
in condizioni controllate) was promulgated
only in June 2016 (DM 100/2016). This piece
of legislation strongly focuses on monitoring
issues, especially regarding water quality. Regarding the permitting procedure, the decree
requires a preliminary project presenting various information, such as hydrologic, hydrogeologic and operational characteristics, and
an executive project showing the results of a
year-long monitoring survey on groundwater
head and water chemistry. The post-operam
monitoring network then represents the main
body of the Decree, showing that the appropriate importance is given to the themes of
groundwater protection and to maintaining
the efficiency of the plant.
In 2014, the Regional Authority of Emilia Romagna started a pilot on the Marecchia River fan to alleviate water scarcity in the Rimini
area resulting from recurrent drought periods (Severi et al. 2014) using a recharge basin.
The pilot was terminated two years later after
having recharged about 2 Mm3, while currently awaiting permitting of the full-scale plant.

Infiltration basins
MAR can be set in operation with different
methods, depending on the environmental
and climate conditions of a particular area.
The LIFE REWAT project foresees the setting
up of an experimental MAR facility (following
DM 100/2016) using an infiltration basin. We
will then discuss this technique, in the following text. At the end of this section, we present a list of case studies, in some cases active
since decades, that can provide input for designing this kind of facility. In the last part of this
section, we describe a project draft for the realization of the recharge facility, following the
DM 100/2016, while following information is
derived from the Deliverable 13.3 MAR design and construction criteria (Escalante et al.,
2016) developed in the FP7 MARSOL.
Infiltration basins are spreading systems, essentially shallow depressions, designed to
infiltrate water (through the basin bed and
walls) in the aquifer (Fig. B4.2). In designing
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an infiltration basin, among the other, the following points need to be considered: a) position in respect to the aquifer (the distance
by structural barriers, areas with aquifer maximum thickness); b) basin morphology and
hydrogeologic characteristic of the area; c)
water table depth; d) chemical and biological
quality of recharging water; e) water retention
time in the unsaturated zone and flow velocity in the saturated medium; f) groundwater
withdrawals points.
Among the issues in designing infiltration
basins, preventing or limiting clogging of the
infiltrating surfaces is fundamental. Clogging
may be caused by numerous factors, the
most relevant one is likely deposition of fine
sediment, decreasing the surface permeability and limiting the efficiency of the MAR facility. Water quality and climate conditions may
also induce clogging development. Clogging
is extensively discussed in the scientific literature (i.e.: http://recharge.iah.org/recharge/
clogging.htm).

Perspectives
There is a growing interest for this low cost,
potentially low energy, technique, because it may be a valid alternative to traditional
methods of water treatment or it can allows
conjnctive use of surface water and groundwater bodies. At the same time, lack of
knowledge at the level of intermediate governing bodies, as well as among professionals,
is hindering the application of these techniques. For example, MAR plants, even though
more economic and environmentally benign,
are overlooked in favor of building small surface water reservoirs. Thus, dissemination of
the technical know-how and scientific advancements on MAR among governing authorities and the general public is fundamental for
the application of MAR techniques.
Finally, it is of paramount importance to define the financial instruments to allow set up of
these water infrastructures and to guarantee
routine operations and maintenance, potentially opening a new market in the water sector.

Fig. B4.2 Scheme of an infiltration basin (da Escalante et al., 2016).
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MAR/1

Spreading systems of Santiuste de San Juan Bautista (Spain)

Santiuste de San Juan Bautista, Segovia, Spain

MAR scheme: different spreading systems (basin, channels, etc.)
Year operation started and status: From 2002, operative
Authority in charge of maintenance: Tragsa group/Irrigation Community Santiuste
Objectives:the facility has been planned for irrigation and environmental purposes ( safeguarding of 2 constructed wetlands and salted lake of Iglesia)
Final users: Santiuste farmers community
Main characteristics: Water diverted from Voltoya river through a 9 km channel (with pipe
900 Ø with gravel filters and ten spillways, with a maximum flow rate of 1 m3/s) reaches an
infiltration basin (Fernández-Escalante et al., 2015a, 2015b) of 14322 m2. From the basins
start two semi-parallel infiltration channels (est, 10667 m long, west, 17293 m long) with
with four transversal connections between them and two spillways to divert water to Voltoya and Eresma rivers in case of overfloods. Along the path there are 54 stopping devices
to slow down the water flow so to increase the seepage capacity. The system overlays Quaternary dune aquifer which lay upon an impermeable marl layer. The plant project has been
realized after numerous several geophysics campaigns, mainly by means of SEV.
Water used for recharge and chemical characteristics: Surface water from the Voltoya
River and wastewater from the Santiuste water treatment plant ( volume less than 5% of the
total). Water from the Voltoya River has calcium bicarbonates hydrochemical facies.
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Monitoring network: The target of the network is the monitoring of both surface water
(with a continuous flow meter next to the heading valve) and groundwater (with a network
of 54 points: 23 piezometers and 31 wells). Samples are collected at least twice a year. Sampling account for chemical analysis regarding general chemistry, TDS (Total Dissolved Solids),
TSS (Total Suspended Solids), TOC (Total Organic Carbon) and DO (Dissolved Oxygen), pH,
electric conductivity and nitrates. In 2005 a numerical model for groundwater flow has been
implemented (using the code MODFLOW), not updated.
Average yearly volume of water recharged: From 0 to 12.5 M3 with a mean close to 8 hm3
yearly. River water authorities (Confederación hidrográfica del duero, CHD) limit the maximum divertion volume to 8,5 Mm3 yearly, according to the hydrological characteristics of the
basin.
Cost of the infrastructure set up: the total cost, including planning, set up and associated
research projects, is about 4 M€.
Maintenance costs: Costs vary between 6,000 and 30,000 € yearly depending on maintenance operations.
Average yearly volume of water stored: 12 Mm3. The average volume, function of the
changes in water table levels, ranges between 37% and 96% of diverted water volume
(Fernández-Escalante et al., 2015c).
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MAR/2

Infiltration basin of the Marecchia River Alluvial Fan (Italy)

Lago in.Cal System, Rimini, Italy

MAR scheme: Infiltration basin
Year operation started and status: from 2014, pilot
Authority in charge of maintenance: Regione Emilia Romagna
Objectives: increase groundwater supply to secure additional water supplies in prolonged
drought periods.
Final users: Local farmers, civil use and tourism.
Main characteristics: The site is located in the Marecchia River alluvial fan, which consists
predominantly in gravel deposits, hosting am unconfined aquifer, up to 80 meters thick, resting on a clay layer. The recharge is performed deriving water from Marecchia River by the
means of an irrigation channel directing water, from October to March, in a lake placed in an
abandoned cave in the right bank of the river (Severi, 2016). River and lake have hydraulic
connection to the aquifer of the fan.
To avoid clogging of the lake bed, handling of bed sediment is necessary. This operation will
be carried out during periods when the lake is dry, and fine sediment will be moved along
the lake banks or other sectors of the lake itself. This lake bed cleaning process will continue
to happen in time, and with this purpose lake bed surveys on extension and thickness of
present fine sediments will be carried out each time the lake will be dry.
Water used for recharge and chemical characteristics: surface water from the Marecchia
River. Water with calcium – bicarbonate hydrochemical facies.
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Monitoring network: The monitoring network consists in 25 monitoring point (with 5 piezometers to be developed) and 18 private wells. A set of sensors were installed in 7 piezometers and operated to monitor in continuous the groundwater head, temperature, electrical
conductivity. In addition a water level sensor was installed in the secondary canal connected
with the lake in order to calculate the recharge volume.
During the experimental period (2014-2016) data were acquired from the continuous monitoring network together with 15 additional field campaign for water table data acquisition
from the piezometric network. In order to monitor the groundwater quality, 7 sampling
campaign have been carried out for a total of 64 samples from 12 sampling points. The
physical-chemical parameters analysed are temperature, electrical conductivity, calcium,
magnesium, sodium, potassium, chloride, nitrates, sulphates, bicarbonates. The plant management protocol is in planning phase.
Average yearly volume of water recharged: 1.9 Mm3 (2.5 Mm3 in 490 day during pilot tests, 5100 m3/day)
Cost of the infrastructure set up: 45000€ for the infrastructure set up. This include the
monitoring network setting up, perforations, setting up and maintenance of control system,
chemical analysis and work force.
Maintenance costs: to be determined.
Average yearly volume of water stored: to be determined.
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MAR/3

SAT - Soil Aquifer Treatment of Alice Springs (Australia)

Alice Springs, Northern Territory, Australia

MAR scheme: Soil Aquifer Treatment
Year operation started and status: From 2008, operative
Authority in charge of maintenance: Power Water Corporation, Northern Territory
Objectives: The system increases groundwater availability through infiltration of treated wa-

stewater to secure additional water supplies in prolonged drought periods.
It also addresses a treatment step for wastewater out of the treatment plant by flowing through
the Ilparpa Swamp.

Final users: Local farmers and civil use.
Main characteristics: This facility recharges groundwater using treated wastewater, using
the water quality increasing capacity of the soil-aquifer system on wastewater from the treatment plant (Bekele et al., 2015; Page et al., 2010; Vanderzalm et al., 2015). The SAT scheme
is located approximately 7 km south of Alice Springs, an area characterised by desert climate, with very high evaporation rates and an annual average rainfall 284 mm. The SAT scheme is currently (2016) configured as five recharge basins providing a total recharge area of
38,473 m2. Recharge targets a paleochannel of the Todd River, a Quaternary alluvial aquifer
consisting of coarse grained sediments overlain by finer grained clayey silts, clays and sands.
Water used for recharge and chemical characteristics: treated wastewater from Water

Reclamation Plant; waste stabilization ponds followed by Dissolved Air Flotation (2008-2013) or
Dissolved Air Flotation and Filtration and UV (2013-current). Water is characterized by a sodium
chloride hydrocemical facies Na-Cl; with an average electrical conductivity 1600 μS/cm.
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Monitoring network: The monitoring network considers continuous measurements on the
basin performance (basin depth, time filling, infiltrating), on the water used for the recharge
and on groundwater, through in site piezometers.
In the monitoring the water used for the recharge, performed chemical analysis regard general chemistry, nitrogen, phosphor, organic carbon (monthly), microbiological indicators
(fortnightly). Quarterly, chemical analysis on groundwater are performed (general chemistry, nitrogen, phosphor, organic carbon and microbiological indicators). For management
of the plant, SCADA ICT tools are used.

Average yearly volume of water recharged: 0.6 Mm3.
Cost of the infrastructure set up: 4.8M€ Water Reclamation Plant; 4.8M€ SAT scheme.
Maintenance costs: Operating and maintenance including water treatment, maintenance and

monitoring: 950.000€/a; maintenance alone 90000€/a.

Average yearly volume of water stored: to be determined.
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Sand Hollow infiltration basin (United States)

MAR/4

Washington County, Utah, United States

MAR scheme: Infiltration basin
Year operation started and status: From 2002, operative
Authority in charge of maintenance: County Water Conservancy District
Objectives: Increase of underground water storage for use during prolonged droughts or
municipal expansion .
Final users: Washington County Water Conservancy District, City of Saint George, Utah
Main characteristics: Sand Hollow recharge basin is in the Navajo Sandstone aquifer and
is about 6.2 x 107 m3 in volume and has a surface of 530 hectares. The underlying aquifer
has a horizontal hydraulic conductivity of about 0.2 m/day Fractures associated with nearby faulting produce enhanced secondary porosity and yield localized hydraulic conductivity
values of about 0.9 m/day. The system considers the combined use of surface water (after
treatment) and groundwater from aquifer recharge (Heilweil and Marton, 2011)
Water used for recharge and chemical characteristics: Surface water from the nearby
Virgin River with total dissolved solids concentration equal to about 500 mg/L.
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Monitoring network: The monitoring network is constituted by 22 monitoring wells and
by a surface water monitoring system. Annual quality samplings are performed with environmental tracer both on surface and groundwater. Chemical analysis are performed on
general chemistry, bromide, arsenic, dissolved organic carbon, nitrogen, phosphorus. Used
tracers are: tritium, noble gases, chlorofluorocarbons, sulfur hexafluoride. A numerical model using the code MODFLOW 2005 is used for the management and results analysis
Average yearlyvolume of water used for the recharge: 2.5 x 106 m3
Cost of the infrastructure set up: 33 M€
Maintenance costs: about 90000 €/year.
Average yearly volume of water stored: 12 Mm3.
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Soil Aquifer Treatment di Shafdan (Israel)

MAR/5

Dan Region, Tel Aviv, Israel

MAR scheme:: Soil Aquifer Treatment
Year operation started and status: From 1976, operative
Authority in charge of maintenance: Mekorot – Israel National Water Co.Company, Ltd
Objectives: irrigation without use limitation (Negev desert irrigation) and environmental.
Utilizzatori finali: farmers, people leaving in rural areas.
Main characteristics: The Shafdan reclamation plant is collecting the effluents of Tel-Aviv
Metropolitan, treats it and afterward recharges it into the Quaternary sandstone aquifer
(one of the main water source in Israel) by series of infiltration ponds. The plant is one of the
biggest reclamation sites applying SAT, where the method has ever since adapted to changing conditions (Cikurel 2006). The recharge–reclamation operation is based on intermittent
flooding and drying of spreading basins, controlled passage of the effluents through the
unsaturated zone, and subsequent pumping of the reclaimed water by means of production
wells surrounding the spreading basins. These cycles are different from basin to basin, following climate conditions, the number of active basins and the available wastewater volumes for the recharge.
Water used for recharge and chemical characteristics: Urban and industrial wastewater
from the Tel Aviv metropolitan area. Through SAT 90% of BOD, Total Suspended Solids (TSS),
ammonia, nitrogen, and phosphorus are removed.
The quality of the reclaimed water is such that detergents and phenols are reduced by 4070% and coliforms and enteroviruses were not found. However there is an increase in salinity, due to the proximity to the coast, and in boron content, due to the type of soil (Oron 2001;
Jimenez 2008). See the table in the following page for details.
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Monitoring network: The project operation is followed by a comprehensive water quality
monitoring program, which includes analyses of physical, chemical and biological parameters, at various sampling points and time intervals. The monitoring program is comprised
of two parts: a) the wastewater biological treatment (MBTP) prior to recharge, which includes the raw sewage and the MBTP effluent; b) the groundwater recharge or soil-aquifer
treatment (SAT), which includes the observation wells and the recovery wells. Composite
samples are collected from the raw wastewater entering the plant and from the MBTP effluent. The analyses performed include: typical wastewater parameters, nutrients, major
anions and cations, trace elements and other relevant water quality characteristics. The
frequency of the analyses varies from daily tests for routine operational parameters to
complete water analyses carried out every six months. Further information may be derived
from Mekorot (2015).
Average yearly volume of water used for the recharge: 115-130 Mm3/year (500,000 m3/
day during the summer). The infiltration rate change between winters to summer. During
winter the median infiltration rate is about 2 cm/hour and during the summer it rise to
about 3 cm/hour. The total amount that infiltrates into the aquifer varies because of operational reasons: pond availability, flooding and drying sequences, well availability (pumping
from the aquifer), high concentration of manganese in wells.
Average yearly volume of water stored: The average volume of reclaimed water from
the aquifer is between 130-150 Mm3.
Cost of the infrastructure set up: The cost of the whole plant (from the activated sludge
up to the end users) cost about 350 million €. It included the construction of the infiltration
ponds, pipelines, more than 150 pumping wells and tenth of observation wells. The total
cost from the reuse system (including pumping and transferring of the reclaim water to the
customers (70 km) is about 0.35 €/m3 (including investment and operation).
Maintenance costs: not available data.
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Managed aquifer recharge plant in the Muncipality of Suvereto

The LIFE REWAT project foresees the design
and set-up of a prototypal MAR plant in
Suvereto (Tuscany, Italy) aiming at contributing
in rebalancing the water cycle. This will be an
infiltration basin, constructed using present
local morphology and deriving high flows,
or higher flows than environmental flow,
from the Cornia River, without producing
any significant alteration to the hydrological
regime. The identified area is one of the
most important for the local recharge of the
aquifer, as investigated by ASA SpA in previous
research. The area is characterized by very
permeable soils with predominantly gravelsandy texture. Moreover, Cornia River surface
water shows low content in boron, a naturally
high element in groundwater of the Val di
Cornia plain. In past years, this forced ASA spa
to important technological investments for
boron abatement for drinking water supply.
The MAR scheme of Suvereto will be one of
the first MAR facilities in Italy to be set up
according to DM100/2016. The prototype will
include the following elements:
- intake work on the River Cornia (conveyance
channel and pump) for pumping the
recharging water into the infiltration basin;
- the control system of the intake structure,
specifically designed to operate the pump
based on signals sent by a sensor for river
elevation monitoring and a group of water

quality parameters detected via an on-site
mass spectrometer. Recharge will occur
whenever river elevation and water quality
will be within a pre-defined range of values
for river elevation and chemical quality;
- the infiltration area, into a pre-existing
morphological low. This will be slightly
excavated (topsoil removal), and segmented
with an initial vegetated area designed to
increase solid load sedimentation before
infiltration;
- monitoring and control system for the
plant operations, constituted by a network
of 15 piezometers (specifically drilled and
instrumented) upstream and downstream the
recharge facility, instrumented with T, h and
SpC sensors and a multi-parametric probe,
in order to ensure the plant functionality and
protection of human health and environment.
This system includes the data transmission
network.
The system is expected to work in the period
between October and April. The range of
diverted flow into the infiltration basin, for an
average period of 210 days, will extend from
a minimum of about 360000 m3, about 20 l/s,
to a maximum of 1800000 m3/year, about 100
l/s, and an average expected value of about
600000 m3, about 35 l/s.
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A specific protocol will be prepared for
plant operation and to fix the values of the
thresholds of the parameters controlling the
intake system. The water quality parameters
to be continuously monitored will be agreed
with relevant authorities, including the
Regional Agency for Environmental Protection
of Tuscany Region.
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Fig. B4.3 Sketch of the planned MAR plant in Forni (Municipality of Suvereto).

Fig. B4.4 Detail of the basin for the realization of the MAR plant.
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Collection of river restoration experiences
Hints about morphological restoration
of water courses
The river restoration of water courses aims
to rehabilitate or create hydromorphological
processes and forms that have been modified
by anthropogenic impact, in order to improve
the ecological status of the interessed water
courses while combining environmental, hydraulic and socio-economic goals.
The hydro morphological enhancement of a
river can by reached through two different
approaches: active restoration, and passive
restoration.
In the former, the river setting is directly modified in order to directly reach a condition
of hydromorphological processes and forms
closer to the reference conditions. Reference
conditions for a water body may coincide with
the forms and processes combination under
undisturbed conditions (with no impacts resulting from human activities) , or at least under better ecological status than the actual
one.
The passive restoration approach implies a
modification of the driving variables (the hydrologic regime and solid transport), and/or
of the boundary conditions of the actual hydromorphological setting (i.e. slope and topography of the river valley, river bank and bed
sediments, riparian vegetation), in order to
trigger the natural processes driving the fluvial hydromorphological configuration closer
to the reference one.
After an active restoration, the stream presents a different configuration comparing to
the current one (typically equivalent or closer
to the expected at full regime), while in a passive restoration, the stream presents equal
or only partially modified by the actual one
(typically distant from that expected after the
natural adaptation). The level of hydromorphological dynamism (the total sum of the
meander mobility , solid transport, riverbed
erosion and deposition) of the selected river,
both at catchment scale and at reach scale, as
well as the cost of river works and the land

use along interested river corridor and basin,
is the most important aspect to choose what
approach use (i.e.: by choosing passive restoration, does the river get to the expected setting? If yes, how long does it take?).

Cornia

river
hydromorphological
specificities

The Cornia River is a torrential watercourse of

the northern Appennino, facing both rush floods and prolonged drought periods. The river
course begins in a hully catchment at 875 m
a.s.l., it presents a 50km longitudinal extension and a catchment surface of 365 km2. The
Cornia River outlets in the Tyrrhenian Sea. River slope is more than 2% for about 10% of
this length (upstream reach), between 2 and
1% for about 25% of its length (intermediate
reach) and less than 1% for about 65% of its
length (lowland reach), thus characterizing
the Cornia River as a low energy water course.
The upstream part of the river results undisturbed but for some punctual crossings (bridges and fords) and land uses different from
forest of the catchment and the river corridor.
The intermediate fluvial segment has been
heavily modified between 1945 and 1980, because of sediment digging along the riverbed
for business activity, resulting in a diffuse induced riverbed incision. The lowland reach of
the river, in which the Cornia flows through an
alluvial plain, presents a single channel morphology (meandering or sinuous) with dykes
at different stages from the watercourse, but
never directly alongside the waterway, heavily
induced riverbed incision and no hydromorphological relationship with the alluvial plain.
Both intermediate and lowland reaches presents some barriers (thresholds and crossroads) and crossings (bridges and fords) that,at
local scale, modify the river slope with significant effects on solid transport. At basin scale
the current forest land use is the 75% of the
total catchement surface.
Overall it can be stated that fluvial sediment
digging in the Cornia River has produced are
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relevant alteration of the hydromorphological
balance reached by the river, leading the riverbed to incision. The low hydromorphological dynamism of the river means the natural
riverbed raising could happen in a long time.
Riberbed incision involves different negative
effects, such as riverbed banalization, floodplain reduction and morphological alterations of the forms (with consequent increase
of hydraulic risk and ecological loss along the
river corridor and reduction of natural groundwater recharge). Taking into account all these aspects, the following lines of action have
been identified for the Cornia River restoration: (A) longitudinal mobilization of sediments among upstream and downstream sections;
(B) lateral mobilization of sediments from recent morphological terraces to the current
active riverbed; (C) Creation of morphological
forms coherent with the typical settings of a
low energy river ; (D) modification of fords for
supporting hydromorphological longitudinal
connectivity; (E) removal of river weirs.
Typologies A, B and C are passive restoration
measures and, A and B in particular, must
be considered a priority according to the low
energy behaviour of the Cornia River. Typologies D and E, which feasibility depends on the
positive results of hydraulic and socio economic survey on the anthropic use of interested
structures, are active restoration. This kind
of works is not a priority for the Cornia River
morphological restoration
These actions are discussed in the following
sections. After these, 5 case studies relevant
to the action described in this monography
are presented.

(as the case of Cornia River), sediments can be
directly inserted in the riverbed by the means
of mechanical tools. The source of this sediment can be from outside the riverbed (i.e.
from digging in alluvial plain) or, as in the suggested line of action proposed for the Cornia
River, from reaches of the riverbed in active
sedimentation and from which sediment removal is opportune, such in reaches upstream of barriers. The main goal of sediment
insertion in the riverbed is the reduction of
riverbed incision. Reduction of riverbed incision also mitigates: the hydraulic risk at basin
scale (when in riverbed incision, flooding of
the floodplain are reduced leading to a reduced natural retention capacity ), the decay of
exposed infrastructures and buildings along
the river banks, the drawdown of groundwater (due to both the increase of recharge from
the floodplains and the increase of the water
level after the increase of the stage of the riverbed).
Reduction of riverbed incision leads also to
the overall increase of the ecological status,
such as the reactivation of river forms with

Longitudinal mobilisation of sediments among upstream and downstream
sections
(typology A)
In cases in which reactivation of natural processes of solid transport is not achievable (I.e.
when the reactivation of the source of sediment is prevented by the presence of settlements, non removable infrastructures or
non removable bank defenses ) or it cannot
achieve the desired effects in the short term
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Fig. B5.1 Cornia river, near Vivalda – left river bank
protected by longitudinal defence, with strong marks
of riverbed incision (Gusmaroli, 2016).

restoration of aquatic habitats and riparian
zones.
Inserted material must be selected considering grain size and geological characteristics
of the sediment, that must be coherent with
the target of restore more natural conditions
of substrate and slope of the river, both at the
working site and downstream. The geomorphological study on the actual solid transport
deficit must quantify the needed volume of
material for restoring the thickness of the riverbed, taking into consideration the other
source of sediment and the solid transport
of the interested hydrograph net. This allow
also to evaluate the possible need of cross infrastructures (such as weir, in incoherent material, after analysis of the possible ecological
impacts) favouring sedimentation. The morphological configuration, the specific energy
of the water course, the available space, the
hydraulic risk in the transient phase, the impacts on the water ecology, the eventual aim
to an immediate restoration of particular riverbed forms, the type of monitoring survey
(vigorously suggested in multiple years) are
the driving factors to evaluate how insert material in the riverbed. Between the principal
techniques of inserting sediment, there are:
1) insertion in a limited area of the riverbed
without mechanical redistribution (i.e. discharge from ); 2) insertion along riverbanks,
from which they can be progressively eroded
by ordinary flood discharges; 3) equally distributed across the interested reach; 4) insertion
on the riverbed to reshape the river forms in
equilibrium with the surrounding morphology (taking into account the eroding effect of
river discharges.

evolve its morphology, avoiding river bank
protection structures or other obstruction for
lateral expansion.
The main goal is to reconnect the riverbed
to portions of the floodplain, thus diverting
the riverbed incision processes. In such conditions, the height increase of the talweg, together with the contextual lowering of the floodplains height, will allow for the increase of
the frequency of inundation of the floodplains
actually disconnected from the river. The
action allows to accomplish for multiple hydraulic targets by the increase of the flooded
surface (thus increasing the reduction of flood discharges) at equal return time, reduction
of groundwater drawdown and the overall increase of the ecological status ( riparian zone
reactivation, inlet of organic substance into
the water course from the floodplain or of

wood deposition creating new habitats...).

Reconnection with the floodplain can facilitate the natural capacity of rivers to treat themselves. This is particularly valid for smaller
streams.
The operations usually considers removal, by
the means of mechanical tools, of the eventual turf of the terraces and then the digging
and insertion in the riverbed of the available
alluvial material. The quantity of material

Lateral mobilization of sediments
from recent morphological terraces to
the current active riverbed
(typology B)
This typology considers the mobilization with
mechanical tools of sediment amassed in recent alluvial terraces to insert it in active riverbed, in particular where incision of riverbed
limits the flooding frequency of floodplains.
The action considers also the floodplain, reconnected with the river, remains free to

Fig. B5.2 Cornia river, near Palazzolo and San Lorenzo
– incised reach with active riverbed side by side with a
vegetated morphological unit (Gusmaroli, 2016).

is based on hydromorphological study. In case
of sensible trasversal anysothropy, coarse sediment is of relevant importance for restoring
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the riverbed after the incision. The action can
be realized both in areas with or without embankment.

Creation of morphological forms coherent with the typical settings of a low
energy river
(typology C)
The action considers the realization of operations on the riverbed to rebuild fluvial forms
coherent with the analysed water course, now
removed by impacts on the geomorphological processes ( unbalanced sediment rate, reduction of source of vegetal matter of relevant
dimensions, reduction of discharges, artificial
manipulation of the fluvial forms etc etc...) The
operation can be realized by mobilization of in
situ material (from the active riverbed or floodplain), and/or moulding of material from terraces (old or new) and/or from different river reaches (upstream or downstream). Between the
numerous available operations, here we referrer
to the reconstruction of morphological units at
meso-scale such as riffle/pools, weir, Large Woody Debris (LWD) etc etc..
The goal of the operation is to “help” water
courses with low energy and ability to rebuild
and maintain original fluvial forms now lost in
building faster these forms by the remoulding
of the riverbed. The creation of new morphological units allow both the return of the river to
more natural forms and to recreate the habitat
for species typical in that ecosystem.
In low energy rivers, operations to create new
fluvial forms are numerous and different, from
the insertion in the riverbed of weir (with natural engineering), LWD kept in position by metallic cable to the use ofr structures in stone or
concrete, ecc.). In this particular case, the operation consist in the realization of non stabilized
forms, with the use of land mobilisation and
LWD insertion ( boulders of great dimensions
are not coherent with the granulometric conformation of the Cornia River). Such operations are
not stable in the long term, but they will provide
assistance to low energy water courses to keep
riverbed forms coherent with their type by reshaping this structures.
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Modification of fords for supporting
hydromorphological longitudinal connectivity
(typology C)
This action modifies (in case, by removal)
the structures of fords interfering on the
river hydraulic gradient or acting as physical barrier, with the goal for minimizing
their effect on the longitudinal connectivity of the river, considering in particular
their obstruction towards solid transport.
The operation main goal is to minimize
the interference of fords on the solid transport. Depending the cases, the operation
can favour the restoration of hydromorphological forms coherent with the type
and processes of the water course (i.e.:
removal of impounded trait of the river
caused by a ford), the habitat restoration
and removal of obstruction interfering
whit the movement of living beings, fishes

Fig. B5.3 Cornia river, near Vivalda in summer drought – river reach subject of the operation consisting
in section re calibration and creation of in line depression. The bottom show clogging (Gusmaroli, 2016).

in particular. The starting point is an
analysis on the following: ford typology (
threshold, crossbeam, etc.), level of interference (totally/partially/ not transparent
to solid transport) and of use (common

use or rare?) of the ford. On this basis
one must identify the most appropriated
solution: I) ford removal,; II) ford substitution with a bridge; III) stage lowering of
the ford (now acting as a threshold with
limited interference on solid ransport); IV)
increasing the stage of the ford for increasing the flow section available for solid
transport; V) mechanical management of
the sediment with removal and deposition downstream, without modifying the
ford.
Removal of river weirs
(typology E)
The action considers the partial or complete removal of weirs not anymore functional
to their original goal (or eliminable in a cost/
Benefits logic). The operation removes the
obstacle (totally or partially, for example in
its stage level or, less frequently, in lateral extension) considering the boundary condition
and the relationship with plausible risk of inducing progressive or regressive erosion. A
partial removal of the weir must be favoured,
if the complete removal can generate, due
to the energy of the water course, riverbed
incision processes upstream (regressive) or
downstream (progressive) of such extension
to represent a new morphological impact
able to destabilize other structures (bridges
and hydraulic defences) needed or non recoverable in the short term. A total removal can
be carried out in different temporal phases or
by adoption of complementary actions (sediment insertion downstream the weir).

for the upstream effects must be verified the
effect on the flood discharges.
The weir is demolished via mechanical tools, and material is removed; in some cases
complementary processes, such as riverbank
protection action if the weir is in a river reach
where defences are not removable, are necessary. Removal of weir specifically designed
to change the longitudinal profile of the river,
by acting as standing points, must be anticipated by studies on the action effects on the
expected morphological evolution.
The following section presents case studies
relevant to the operations programmd along
the course of the Cornia River. At the end of
each case study elements transferable to the
specific case of river restoration in the Val di
Cornia are reported, with some general warnings on the typology of operations.

The operation goal is to recreate a riverbed
profile closer to the one in not impacted conditions, solving the local incision processes
and restoring the geomorphological dynamics by restoration of solid transport and consequent creation of new erosion and deposition conditions. The operation allows also the
increase of the ecological status: longitudinal
mobilization of organisms is favoured and
unnatural upstream slow flow habitats are
reduced. Downstream hydraulic benefits of
the operations are those typically associated
with the reduction or riverbed incision, while
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Rienza river (Italy)

RR/1

Chienes, Autonomous Province of Bolzano, Italy
Type of operation: Longitudinal mobilization of sediments among upstream and sections
(Typology A)
Period of activity: April 2013
Entities in charge: The Autonomous Province of Bolzano (Hydraulic Works Division)
Aims and objectives: The Rienza river has its origin at the three Cime di Lavaredo, in the
Sesto Dolomites, to ends in the Isarco, near Bressanone, after a distance of 80 km. The entire catchment of the Rienza river cover 2149 km2. The river runs in part over a metamorphic
ground and partially on sandstone or dolomite. On the Rienza river course there are numerous hydroelectric power plants, including great dimensions (Brunico, Bressanone and Kniepass). The interested trait, with an average discharge of 50 m3/s, with a pebble bottom, and
with the main morphological feature unit is the riffle/pool. The main goal of the operation
wasto limit the sediment deficit due to the damming of the Kniepass by mobilization of the
rocky material available upstream in the same river body and limiting the actual riverbed
incision. The operation was aiming to the restoration of the typical geomorphological forms
of the river reach, thus obtaining an overall increase of the ecological state (Bronca, 2013).
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Description: The project involved the removal of gravel sediment (about 4000 m3) at the
inlet of the Keepass hydroelectric reservoir at St. Lorenzo of Sebato, in the riverbed of the Rienza river at the confluence with the river Gader. This is an aggradation reach. The collected
sediment was transported some kilometers downstream of the Kniepass crossbeam, in an
incision reach, and inserted to form an artificial side bar on the right bank.
The ex-post geomorphological monitoring has been made by the University of Padova and
the Libera Università di Bolzano.
Main results: In the period following the implementation of the operation (including the
spring hydrology phase characterized by large outflows), the lateral artificial side bar has
been characterized by a different behaviour from the natural ones. The erosion was greater
on the artificial side bar, and able to mobilize pebble of greater dimensions than from the
riverbed. This because bar sediment was less coarse and without structure in the bar itself,
thus facilitating the sediment mobilization.
Costs: - € (not available)

This case study is an example of sediment input in the riverbed taken by accumulation zone
(in the same riverbed). In the action there is also a monitoring activity on the effects of the
intervention.
From initial analysis, sediment removal from aggradation zones (upstream the area for the
managed aquifer recharge) with mobilization and insertion in the incision zone (the reach
impacted by sediment extraction activity) can be performed also in the Cornia river. The
Rienza case study can be considered replicable in the Val di Cornia, even if only for longer
section to avoid an localized distribution. Even the monitoring methods may be partially resumed in the monitoring for the Cornia river.
In general, we highlight the following warnings associated whit this type of operation:
-In this and all other typology of operation for inverting incision zones into aggradation zones, negative effects due to groundwater surface rise must be evaluated (risk such: more
frequent floods, submersion floods, soil humidity and land cover change; restoration of riparian wetlands formerly lost due to riverbed incision);
- Identified the sources of sediment, a chemical characterization is needed (to confirm the
compatibility of sediment for the riverbed insertion);
-Reinserted material will be mobilized towards downstream: it is important to identify zones
where the solid transport increase could represents a cause of social and/or environmental
impacts.
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Drac river (France)

Saint-Bonnet-en-Champsaur, Provence-Alpes-Côte d’Azur, France.
Type of operation: Lateral mobilization of sediments from recent morphological terraces to
the current active riverbed (typology B)
Period of activity: November 2013 - April 2014
Entities in charge: Communauté Locale de l’Eau du Drac Amont (CLEDA)
Aims and objectives: The Drac French River is a left tributary, near Grenoble, of the Isère, in
the Rhone basin. It is formed by the confluence of the Drac Noir and Drac Blanc. The basin of
the Drac is 3626 sq km the length of its course is approximately 130 km. The river presents
several artificial barriers interrupting its longitudinal continuity, manufactured mainly for
the production of hydroelectric power. The hydrological regime of the Drac has a marked
glacial character and follows the trend of rainfall or the melting of glaciers. The flow regime
is also influenced by the presence of numerous agricultural levies.
The alterations lead to a decrease of groundwater level (drained by the incised riverbed), the
slow decrease of the riparian forest (about 60 ha), fluvial habitat loss, ecologic disconnection
between tributaries, river bank and hydraulic infrastructures instability. This situation has
origin from different causes: I) sediment extraction for riverbed; II) localized limitation of
the Drac riverbed with defence structures. Incision process was endangering the stability of
river containment dike of a basin: this was the main reason for the operation.

Operation area in the 2013 (before operation, left) and in the 2015 (after the operation, right). It can be noted
how the operation of sediment recharge and reconnection with the floodplain increased the riverbed, which
Figura 3 - aerofotogramma dell'area di intervento nel 2013 (prima dell’intervento, sinistra) e nel 2015 (dopo l’intervento, destra). Si
now occupy its natural mobility zone. The images include also the catchment whit the endangered dike (source:
nota
come l'operazione di ricarica sedimentaria e di riconnessione con la piana circostante abbia concretamente ampliato il letto del
www.cleda.fr)
fiume che è tornato ad occupare la sua naturale fascia di mobilità. Da: www.cleda.fr
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RR/2

Description: The project involves an area of 59 hectares and a river reach of 3.65 km, is the
largest project of sedimentary recharge in France. The project involved the reconstruction of
the river bottom profile and the planimetric extent of the watercourse (about 26 ha, resulting
in an average width of 110 m, from the initial 38; Laval et al., 2015; CLEDA, 2016). The main
operation was the sediment recharge, with the same granulometry of the natural one, increasing riverbed stage at the reference one of the 1913; this has hallowed to cover the exposed
clay substrate and the reconnection with the surrounding floodplain. The main sediment
source area were the recent alluvial terraces of the river main reach.
The total volume of mobilised sediment was of 450000 m3 (an average of 15000 m3/day), of
which 60000 m3 originating from sources outside recent terraces. Another action was the
restoration of the solid transport continuity by stopping the extraction activities and by removal of transversal obstacles.
The considered ex post geomorphological and ecological monitoring will be 10 years long.
Main results: the resulting structure of the interested reach of the Drac river allows the natural restoration of the morphology in a web of channels with the following morphogenetic
floods. The increase in ecological status has been relatively fast and evident, with benefits
interesting also different environmental, management and fruition goals in vast portions of
the wateway.
Costs: 4.5 M€

The exceptionally vast operation on the Drac river restored the natural geomorphologic
structure in a water course reach with strong incision processes. The operation reconnected
the river with the floodplain. This study shows that mobilization of sediment from the same
river segment allows the reconnection of the river with the floodplain, thus restoring mobility
of the riverbed. The incision problem of the Cornia river is analogue to the Drac river one,
similar operations can be proposed at pilot scale on the Cornia river. This actions can directly
influence these problems and be the basis of operations for the restoration of the Cornia
river, as happened for the Drac river.
In general, we highlight the following warnings associated whit this type of operation:
- To assess the feasibility of insertion in the riverbed of excavate material, a correct analysis
on the river morphological evolution must be performed, and the possible increase in downstream hydraulic risk must be considered;
- fn the excavated material can include the presence of weed, this must not be placed in active zones of the riverbed, to avoid downstream propagation. Construction yard tools must be
checked for avoiding weed diffusion (i.e.: cleaning of the tools).
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Avon river hydrographic bason SAC (UK)

Yorkshire, Humberside and South West Regions (UK)
Type of operation: Creation of morphological forms coherent with the typical settings of a
low energy river (typology C)
Period of activity: August 2005 –September 2009
Entities in charge: Natural England, Environmental Agency, Hampshire & Isle of Wight Wildlife Trust, Wiltshire Trust, Essex Water.
Aims and objectives: The Avon River, with a total length of 96 km, and its tributarys flow
into limestone areas, hosting important and numerous species of fish, birds, mammals and
plants, such as Ranunculus quatilis, Salmo salar, Lampetra planeri and Petromyzon marinus.
For this reason the area is recognized as a Special Area of Conservation (SPC) and Special
Protection Area (SPA).
One of the main problems of the River Avon is the effect of the artificiality systems, that led
to the destruction of habitat and damage to plant communities, the channeling and incision
of the riverbed, resulting in the disconnection from their floodplain. The LIFE STREAM was
aimed at restoration of habitats of the River Avon and the Avon Valley for endangered species, integrating sustainable management of the river with the territorial planning of the river
valley.

Post operation images of an area after riverbed remodelling and insertion of LWD in the river banks and riverbed.
Figura 4 - immagine post intervento in un'area di rimodellamento del letto e di inserimento di detriti legnosi in alveo o alla base
delle sponde.
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RR/3

Description: The LIFE project involved a total of 7 km of river in the low valley, where 6
operations resulted in the creation of 0.36 hectares of new areas dedicated to the restoration
of habitats of European interest. In particular, the operation in the Wylve at Chilhampton
involved different rehabitat actions. Such operations included the modeling of the channel
to diversify the longitudinal profile and the cross sections, by mobilization of sediment from
river bank to riverbed, and the accommodation of large woody debris in the river bed. The
physical and biological monitoring has been performed.
Main results: the operation restored both a significant diversity between the longitudinal
and the cross section morphology of the riverbed and the mosaic of typical mesohabitat for
the river reach. In the Chilhampton area the riverbed stage has been elevated, thus reconnecting the river with the floodplain, and the restored geomophological forms increased silt
deposition, with subsequent growth of vegetation in the riverbed and habitat diversity.
Cost: 1.5 M€ (40% form EC via LIFE program).

The operation on the Wylve river, tributary of the Avon river, shows that morphological diversification of the riverbed increases ecological state and biodiversity. Also if the Wylve river
is only partially analogous to the Cornia river, the low energy of the latter allows to consider
similar operations in the plain reach between Forni and the river outlet.
In general, we highlight the following warnings associated whit this type of operation:
- Operations directly recreating hydromorphologic forms can be used when more operations are planned, and there is the necessity of a faster restoration of habitat and forms;
- The knowledge of the actual geomorphological dynamics to focus on forms coherent (both
in typology and used material) with the context is necessary to reduce the usually elevated
failure risk (the risk is that the dynamics heavily modifies the forms built by the operation).
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Roch river (UK)

Bury, North West England, UK
Type of operation: modification of fords for supporting hydromorphological longitudinal
connectivity (typology D)
Period of activity: September 2012
Entities in charge: River Restoration Centre (UK), APEM Ltd, Irwell Rivers Trust
Aims and objectives: The Roch River flows in the Greater Manchester area, and it is a tributary of the Irwell river. The watercourse has principally a single sinuous waterway, with
numerous thresholds (built in the XIX century for local mills for the cotton industry, many
of them no more functioning). These thresholds have different characteristics among each
others, and they interrupt the flow continuity. A geomorphological study of the 2005 shown
that 70% of sediment in the riverbed- stored as bars and vegetated berms in low steep traits
upstream the barriers- had origins from lateral erosion, even if only the 1% of the riverbank
is subjected to active erosion due to numerous longitudinal defences. Overall, the total sediment in the riverbed is 3 times higher the actual sediment production capacity of all the
catchment (also because riverbed dredging is finished in 1994). It must be underscored the
operation does not interest a ford, but a typology of structure eventually usable as a ford.

Goshen threshold on the Roch river, before (left) and after (right) the operation: it can be noted the changes in
flows both upstream and downstream the threshold, the dimension of the new ramp (standing for the threshold) and the increase of the river bank (on the right, in the photos) after the operation (wiki RESTORE).
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RR/4

Description: The operation has modified an existing threshold near a curve of the Roch river
by removing the central portion and lowering its stage. In 2012, it was one of the greater
operations in threshold removal of the UK (Goshen Weir removal project, 2016). Following the
operation the river recovered sediment longitudinal profile, allowing also fish crossing and a
continuous longitudinal profile. The operation allowed a more natural direction of the flow,
towards the outer side of the curve, favouring sediment deposition in the inner part and thus
increasing the morphological diversification in the cross section. The following actions are
prepared: habitats mapping, an expert analysis of the geomorphological conditions, ex post
photomonitoring (both manual and auto with time lapse camera) of the habitat evolution,
and a study on the biological elements (macroinvertebrate and fish fauna).
Main results: The operation has modified the local characteristics of the waterway determining the conditions for the development of a considerable meander bar in the hydraulic left,
diversifying upstream and downstream habitats with consequences over a long trait due to
changes in the longitudinal profile (influencing also another unused crossing, upstream). The
operation has succesfully remodelled the gemorphological forms of river banks and riverbed
and has modified the local distribution of the hydraulic head.
Costs: not available data.

The operation on the Goshen threshold has obtained interesting benefits from the geomorphological point of view, favouring the longitudinal continuity of solid transport and in situ
diversification of the river morphology. The removal of the threshold positively influenced
the geomorphological dynamic at site and reach scale. This can be similarly expected in the
context of the Cornia river. The morphological monitoring is important to review and understand the evolution of the dynamics ex post.
In general, we highlight the following warnings associated whit this type of operation:
- The analysis of the morphological evolution of the considered waterway and on the possible increase of downstream risk due to the aggradation zone of the riverbed is of paramount
importance for evaluating the feasibility of reactivating solid transport formerly interrupted
by ford;
- If the increase of the stage of the ford is requested, it must be considered that a crossing
with an undersized flow section can have more negative effects than a crossing full to the
brim, even if with no flow section (in the latter case, solid transport flow over the crossing,
while in the former case it can cause obstruction of the flow section, with negative consequences on solid transport).
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Dove river (UK)

RR/5

Derby (Derbyshire), Midlands, UK
Type of operation: removal of river weirs (typology E)
Period of activity: July 2010 (short term action will be concluded in 2018)
Entities in charge: The Dove Catchment Partnership, Trent River Trust
Aims and objectives: The Dove river is the main river of central England, a national natural
reserve from 2006 and famous for the rich trout population. It has origin near Buxton and its
outlet is in the North Sea, in the Humber estuary. The river flows sinuously among limestone
valleys (called Dovedale), while in the terminal part the river has a meandering flow in a vast
alluvial valley. The hydrological regime of the Dove river shows frequent extreme events
between May to September, but still relatively dryer respect other English regions.
The Dove river suffers from the interruption of longitudinal continuity due to the presence
of about 100 weir of little size (usually with an height between 0.5 to 1 m), built in loose
material from 1920 to 1930, the presence of river bank defences along half of the length of
the waterway and low riparian vegetation. In particulare, there is shortage of coarse sediment in the water course, probably due to amassing upstream the weirs. The project aim to
restore the natural geomorphological dynamics of the river, to reconnect the river with the
floodplain and to increase the ecological status.

A weir before removal (wiki RESTORE);

The weir after removal. It can be seen the different type of flows
upstream and downstream the weir, before and after its removal (wiki RESTORE).

- una traversa prima della rimozione. Da wiki progetto Figura 7 – la traversa di figura 11 dopo la rimozione. Da notare
versa prima Figura
della6rimozione.
Da wiki progetto Figura 7 – laletraversa
di figura 11 dopo la rimozione. Da notare
RESTORE
diverse tipologie di flusso della corrente a monte e a valle
le diverse tipologie
di prima
flussoe dopo
dellalacorrente
a monte
e a valle
della traversa
rimozione. Da
wiki progetto
RESTORE
46
della traversa prima e dopo la rimozione. Da wiki progetto
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Description:before the operation, a participative strategy has identified sites and the processes for the operation, structured in different synergic actions for reaching the environmental restoration goal and, among these actions, removal or lowering of weirs and structures
interrupting sediment and animal crossings (Natural England, 2015; DCP 2015). The removal
of some weirs, made by loose material, has been performed in short time by volunteers from
local associations, by simply leaving the removed rocks in the riverbed, immediately downstream the weir.
A management protocol has been defined, of which only some qualitative synthesis are
available.

Main results:The project allowed the restoration of different reaches of the Dove river
through the application of the measures defined by the plan, and by local restoration of the
longitudinal continuity for solid transport. The operations allows to obtain more natural geomorphological forms, with substrate diversification and riffle/pools, to mitigate flood risk,
to limit the water course incision and to increase the ecological connection along the longitudinal axis. In particular, the removal of the cover of fine deposit over the gravel upwards
the weirs has been observed, as well as the creation of diverse mesohabitat in the active
riverbed (raffle and hollows with different depth).
Costs: about 8 – 10000 € for removed/modified weir (when the action was not performed by
volunteers), management cost for the participatory approach equal to 150000€ .

The removal of weirs is a relatively common practice in different European and American
areas, with some recent example also in Italy. Here we present the Dove river case study
because it is a project based on a strategic study of large scale, that allowed to define, which
obstacles had to be removed on the basis of geomorphological ( by estimating the amass of
sediment due to the different structures and the expected results from their removal) and
ecological (by estimating the impact of each structure on fish movement) considerations. The
case study offers a record of different obstacles and problems to be solved.
In general, we highlight the following warnings associated whit this type of operation:
- This type of operation can generate regressive erosion process, with extensions depending the presence of other fixed point upstream, and can determine the river section resizing, which can endangers highly vulnerable land use or goods.
- If risks and costs of modifying structures upstream or downstream make the total removal of a structure non feasible, it is possible to choose for a partial removal, to determine at
least a part of the benefits from this typology of operations.
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This chapter was compiled by:
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Collection of experiences on water network loss reduction

Introduction
The need of a more rational and efficient use
of water resources requires special attention
to the theme of losses in water distribution
systems, to the causes of their origins, and
to define the best strategies to reduce their
global effects. The aim of water utilities is
to achieve and maintain optimal levels of
efficiency in the distribution systems through
the use of standardized methodologies and
performance indexes of proven reliability.
The technical losses in a water distribution
system, also known as real losses, are water
volumes that are produced and processed,
but not used, being an uncontrolled outlet.
At international level, several innovative
and complementary methodologies and
technologies have been developed for the
optimization of water distribution systems,
with estimable management costs before
the operation. The Water Loss Task Force
(WLTF) component of the International
Water Association (IWA) has standardized an
analysis and management method for NonRevenue Water (NRW), based on the use of
water balance and Performance Indexes.
From its definition, many water utilities have
successfully applied the IWA methodology at
both international and Italian level.
The Life + WATACLIC (Water Against Climate
Change, www.wataclic.eu LIFE08 INF / IT / 308)
project has listed and described in its own
database best-practices for a more rational
use of water resources. These methods aims
at decreasing the value of real losses close to
the value of physiological ones by acting on
the main factors determining the number,
formation rate and the “average life” of water
losses by criteria of maximum economic
efficiency and environmental sustainability.
The implementation of a real loss management
program must understand and evaluate the
main issues through a diagnostic approach to
develop reliable scenarios, to define priorities
and to draw up feasible and sustainable

solutions. For each distribution network
it is also necessary to define: i) the action
goal; ii) the interactions with systems in the
proximity, ensuring accessible, updated and
meaningful data, to assess and understand
the main causes originating water losses.
The objective of this document is to define a
path by relating currently available analysis
techniques with management methods for
distribution networks, so to suggest the most
appropriate strategy to deal with real losses.
Basic knowledge of the water system
The first step in developing a strategy for
distribution network management is to obtain
a detailed knowledge of all the hydraulic
elements, functional rules and administrative
data composing the distribution system. In
particular, for the system structure it must be
acquired or otherwise surveyed the network
map that is: pipes, backflow preventers,
deposits, pressure regulators, pressurization
systems, characteristics and location of the
equipment for monitoring flows, pressures,
points of interconnection with other networks,
or rather closures and consumption sectors.
In conclusion, collected information will
be used to define an elevation-functional
scheme of the analysed distribution system
and to report, by means of maps, the
identified consumption sectors (sectors
of the distribution network characterized
by the possibility of being intercepted and
isolated from the general system - definition
by Ministerial Decree. Public Works of
01.08.1997), rather than the currently existing
water districts (sectors in which it is installed
a fixed system for measuring inlet and outlet
water - as defined by Ministerial Decree Public
Works of 01.08.1997). For each sectors, water
balance will be defined in relation to input and
output points. In this phase, data on the most
water demanding users will be also acquired,
as well as administrative invoice data and
information about the network known
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criticalities in terms of operating pressure
and locationing of past losses.
Acquisition of the water system efficiency
level
The structuring of a water network
management program allowing to reach
and maintain an optimal efficiency level is
based on the correct definition, as income
terms, of the annual volume of losses, on
the monitorig of average monthly discharges
entering the network and on the use of
proper performance indexes. An extensive
evaluation of type and amount of losses in
the network can be obtained, as suggested
by the IWA and the American Water Works
Association - Water Loss Control Committee
(AWWA WLCC) by using standardized
methodologies of proven efficiency. The use
of such instruments impose the measure
of all of the water volume, in particular
the water volume entering the network. In
absence of an appropriate instrumentation
for discharge data acquisition, the existing
one must be replaced with new reliable
instrumentation associated with appropriate
data management.
A first methodology to assess the state of a
system is the definition of Water Balance
(Technical Top Down) following the standard
established by IWA/WLTF. The water balance is
a tool that allows estimating water losses as the
difference between injected volumes and the
volumes used within a district. The calculation
of the individual elements is simplified by the
substantial overlap of this method with the
one of the Ministerial Decree of Public Works
No. 99 of 1997. To be replicable and reliable in
the information it give on the evolution of the
system, the water balance needs to maintain
track of the resource flowing through the
various water withdrawal, treatment and
distribution implants up to the users. There
is therefore the need of an appropriate
fixed instrumentation for the acquisition of
data flow through the various service steps.
The method, representing a standardized
summary of the various components
regarding consumption and losses, allows to
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compare the value of NRW and Real Losses
with a confidence level proportional to the
quality of the annual input data. The limit of
the method is the impossibility to provide
information on the evolution of real losses on
smaller than annual time scales.
The BABE approach (Bursts And Background
Estimates; Lambert 1994) allows analysis and
prediction of the components of both night
flows and real losses. In particular, the BABE
method provides the classification of real
losses in the following components:
• Background losses from joints and
derivations which are difficult to identify.
• Reported losses, characterized by high flow
rates and short time spawn;
• Unreported losses, characterized by medium
flow rates and time spawn related to the type
of the implemented loss control.
The real losses cannot be completely
eliminated, but can be at best reduced down
to the physiological level, which represents the
minimum value of the actual loss technically
reachable in an efficiently managed water
systems.
The Minimum Night-time Flow (MNF, a
Bottom Up technique) quantifies real losses
for each previously identified “temporary”
sector or hydraulically isolated network
portions, by comparing the value of water fed
into the network by night, usually between
2:00 and 4:00 am, with the esteems of the
consumptions by domestic and not utilities
(legitimate consumption) and by unrecorded
uses in the same time frame. The difference is
the water dispersed in the environment as real
and background losses (system losses that
cannot be eliminated). This method requires
the knowledge of continuously measured
instantaneous flow rates in and out from a
sector (discrete area of a distribution network
for which it is necessary to install temporary
flow meters) rather than from a specific DMA
(District Metered Area, discrete area of a
distribution network with measured flow rate
) in all border nodes. The MNF methodology
in association with the Fixed and Variable
Discharge Area (FAVAD, May 1994) technique,
a mathematical relation linking the variation
of the average operating pressure to the real

losses according to an N1 exponent to be
determined depending on the material with
which the pipes are composed, allows to link
and then determine the real losses temporal
trend. The MNF evaluation should be carried
out leaving out the days with dispensing
anomalies.
The Infrastructure Leakage Index (ILI; Alegre
et al. 2000) is an operational performance
index that measures the effectiveness of the
real losses management. It is defined as the
ratio of annual real losses, CARL (Current
Annual Real Losses), and physiological real
losses, UARL (Unavoidable Annual Real
Losses). The ILI value to which a system should
tend depends on water availability, from its
marginal cost and by the Economic Level of
Losses defined as the level of loss for which
the cost of lost water is comparable to the cost
of the management activity of the losses. The
quantification of the Economic Loss Level can
be performed using the software Efficiency
Calculator developed within the project LIFE09/
ENV/IT/000136 PALM (Pump And Leakage
Management) financed by the European
Commission (www.leakagemanagement.eu).
The ILI index in association with the losses per
km of network allows to compare different
water networks together, thus representing
a unique evaluation parameter. Subsequent
to the preliminary investigation phase the
representative mathematical model of the
network status will be constructed. All the
main elements and the functional rules that
underlie the system will be represented in
detail. The simulation should be extended
over a time period of a day identified among
the monitored ones, excluding those where
systemic anomalies have been registered. For
each DMA it will be adopted a consumption
pattern with time - steps equal to or less
than 5 minutes. This will allow to perform
a DDA (Demand Driven Analysis) dynamic
simulation rather than a PDA (Pressure Driven
Analysis). The initial model calibration will use
the flow and pressure data obtained from
the monitoring campaign conducted prior
the losses containment actions. The final
calibration of the model will be made only
after the implementation of the real losses
control phase and management. The use

of the first calibration of the mathematical
model allows to understand the evolution of
pressures and flow rates within the network
over the considered period, permitting to
detect and report any system stress and
to assess the seriousness of the existing
anomalies in terms of both hydraulic head
and of water losses, thus adressing the field
survey. The mathematical model is the main
instrument for the identification of the final
water districts allowing to assess the effect of
various hypothetical optimization scenarios.
Methodologies for real loss control and
management
Regarding real losses management and
control, the international methodology
propose an integrated approach based on
the combined effect of four key actions
(summarized below): i) active leakage control;
ii) pressure management; iii) reduction
in the average life of the losses; iv) asset
management.
The aim of the active leakage control is to find
unreported leaks and it is executed through
different methodologies that can be used
as alternatives or together in relation to the
network characteristics. Locationing is usually
carried out through phases. A first phase,
called “pre-locationing”, allows, starting from
a district or the entire network, to identify
network portions in which there is a greater
probability of losses. The second phase
is called “tracking” and allows the precise
identification of the point where a leak is
present.
The first phase includes the following activities:
• A first approach, called Step Test, consist
in dividing the network into temporary subdistricts to identify areas where losses are
more localized. This method is conceptually
very similar to the districtualization and
needs, in a second phase, the use of suitable
instruments, such as geophone and correlator,
for the precise identification of the losses;
• Analysis of the criticalities raised by the
calibration of the mathematical model;
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• Pre-locationing through noise logger: a
method that uses automatic recording of
night noises using small acoustic recorders
deployed in the network in direct contact
with the pipes. The noise logger records the
noise coming from the pipeline filtering, those
potentially caused by unreported leaks. Then
a classical leak detection must be performed
using geophones and correlators to determine
the precise location of the leak;
•Pre-listening on the network by listening rod;
The second phase includes the following
activities:
• Use of non-destructive acoustic techniques
such as the “geophone” and “correlator”. The
geophone is a portable instrument for the
identification of the leak location through
listening of noise caused by the high-speed
leaking of the loss into the ground or in the
surrounding systems and that then reach
the surface. The correlator is an electroacoustic tool that allows determining the
relative position of a leak in a pressured
pipeline. The principle of operation is based
on the correlation of the noise produced by
an outflow of water, or other liquid, on the
outside and recorded by two geophones
sensors placed at the ends and externally
to a section of the conduit within which it is
assumed the presence of an undetected loss;
• Using hydrophone insertion correlators.
Based on the same acoustic principle of the
classic geophone, they allow the correlation
of the sound registered directly inside the
pipe by the mean of sensors inserted in the
conduit through the load sockets. Through
the use as a couple it is possible to determine
the relative position of a loss b scanning
longer sections of conducts with respect to
outdoor methodology;
• losses research with tracer gas method
only in case of losses difficult to locate with
traditional acoustic methods and with the
network pressures below 2 bars.
In order to validate the loss search campaign
and to quantify its results, after the repair
of unreported losses a new campaign of
flow rates and pressures measurement will
be performed. Excessive pressure values in
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the network or substantial variations both
spatially and temporally of the piezometric
surface determine the onset of new losses
and the feeding of the existing ones with a
subsequent fall in the service level provided
to the users and an increase in the resource
withdrawn from the environment.
Proper adjustment of piezometric load
by identifying in the network appropriate
sectors under controlled pressure allows an
immediate and substantial impact on the
value of night minimum. The pressure setting
can be obtained by the commissioning of
controlled pressurization systems equipped
with possibly remote controlled inverter and/
or adjustment/reduction of downstream
pressure valves (PRV). The study on the
placement and on the number of the different
control and load pressure reduction systems
entering the final DMA and the definition of
the setting type (continuous, timed, control
over a critical point in the network) will be
made through mathematical simulation of a
long period. The adopted model will be the
second calibration one, that is calibrated with
the flow and pressure data obtained from the
post-repair monitoring survey of unreported
losses. The simulation has the goal to obtain
solutions representing a compromise between
economic costs and benefits, in other words
night-time pressures control without affecting
the minimum service level for the utilities.
One of the objectives of loss management is
to reduce the leakage “average life” defined
as the sum of the Knowledge Time, the
Locationing Time and the Repair Time.
The fulfillment of the DMA for a monitoring
and control system of the districts permits to
simplify the management and to clarify the
interventions allowing to substantially reduce
the Knowledge and the Locationing Times.
The complex of the constraints that must
be respected in the designing process
of water districts includes: the network
typology, its extension, number of served
users, minimization of pressure differentials
between the different nodes of the district, the
minimization of the number of control points
of the input load, all of these combined with
the need to avoid inefficiencies. The EU project

ECO / 12/332771 WETNET (http://www.wetnet.
it/it) has developed the open source software
WETNET SUPERVISORE as an advanced
system for the management of districtualized
networks. WETNET SUPERVISORE intelligently
analyzes and calculate process data,
automatically detects and notifies important
events and suggests appropriate actions,
integrating and amplifying the potential of
data acquisition, remote sensing, SCADA and
corporate planning systems. The software
distributes information services on events,
measures and consume profiles associated
with the DMA, allowing the manager to
intervene quickly when an event, typically a
loss, occurs.
Within the process of system optimization
it is therefore appropriate to define a longterm program aimed at maintenance, rather
than to the rehabilitation, of the network,
that provides for the replacement of pipes
characterized by poor operational efficiency in
relation to their importance within the system
structure. In preventing the generation of
real losses, the optimal management of
the sockets is of equal importance of pipes
efficiency. Statistically, more than 50% of
the actual losses occur at the sockets where
their density per km of network exceeds the
value of 20 sockets/km. The reasonable result
in terms of real annual loss volume of an
aqueduct depends on how and with which
intensity the manager performs each of the
four above-mentioned activities. For each
of the four activities there is an economical
grade of investment that can be estimated
or calculated according to the marginal cost
associated with the real losses.
Fig. B6.1 maintenance works on a water network.
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WSO/1

Life A.S.A.P. Actions for Systemic Aystemic Aquifer Protection

Area of Operation (municipalities of Bientina, Pontedera, Calcinaia, Cascina, Castelfranco di
Sotto, Santa Croce sull’Arno, Vicopisano, Santa Maria a Monte, San Miniato) Italy

Years of activity: 2006-2009
Objectives: A.S.A.P. LIFE (LIFE06 ENV/IT/000255 - Actions for Systemic protection of the
aquifer, http://www.klink.it/asap-protocol/) is a project that led to the installation and
demonstration of a protocol to reduce the vulnerability of the Bientina (Pisa) Aquifer due
to over-exploitation generated by increased demand for drinking water. In previous years
to the A.S.A.P. project, the over-exploitation of groundwater has led to a considerable
piezometric drawdown, with consequent phenomena of subsidence, with a particular
environmental criticality recorded in 2002. The general objectives of A.S.A.P. were linked
to the reduction of groundwater withdrawals to prevent contamination, subsidence
phenomena and reduction of wetlands with subsequent damage to ecosystems, while, at
the same time, to assure to citizens the constant availability of quality water even in face
of sudden seasonal fluctuations. The specific objectives were: network districtualization,
active management and control of real losses, reduction of groundwater withdrawals.
Final users: Acque S.p.A. (utility with private participation and provider of the integrated
water service for the Institutional Optimal Area (AmbitoTerritorialeOttimale, ATO) 2 of the
Basso Valdarno - Tuscany).
Main activities: acquisition and processing of basic information (asset), schematization
of the network, realization of the water balance, monitoring the flow rates and pressures,
MNF analysis, research of unreported leakage, calculation of the performance index (ILI),
mathematical modeling, DMA realization, installation and calibration of fixed instruments
for monitoring flow rate and pressure, pressure control, implementation of the remote
monitoring system.
Methodology leak detection: non-destructive acoustic techniques such as “geophone”
and “correlator”.
Identified unreported leakage: not available information
Flow measurement points: not available information
Pressure measuring points: not available information
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Description of activities: The A.S.A.P. area includes the water district of Pontedera. It is a
distribution network of about 1000 km divided between the nine municipalities: Bientina,
Pontedera, Calcinaia, Cascina, Castelfranco di Sotto, Santa Croce, Vico Pisano, Santa Maria
a Monte, San Miniato. There are 164450 inhabitants in the A.S.A.P. area, with 68682 users
(data from 2008) connected to a system of interlinked distribution networks fed by wells
for the 95% of the total. The water inlet in the network is 17 Mm3, while the water reaching
users is 9.5 Mm3 (data from 2008). Technical activities begun with the acquisition phase of
the knowledge on water withdrawal and distribution system. By cross checking historical
and new field data it was possible to estimate real consumptions from single portions and
hidden real loss, allowing to define realistic scenarios and the operation priorities. The
second phase involved the tuning of the water network to reduce groundwater withdrawals
from Bientina. The aim was to obtain the maximum reduction of water loss. For this aim,
an hydraulic model and the subdivision in zones have been prepared to define the best
position for the pressure valves. At the same time, the activity involved loss identification
and repair and pressure control. In this phase, all data required by the model calibration
was collected. After the tuning of the system, a second monitoring phase verified the new
behavior of the network and a continuous remote control device has been implemented
in sensible nodes to achieve a better calibration. This allowed to reveal the hidden loss in
the system
Results: reduction of water loss of 15%, from 9.37 Mm3 to 7.93. Groundwater withdrawals
decreased by 8.3%. equal to 1.5 Mm3/yr. Now the water table is increasing.
Costs: 3 M €
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WSO/2

Activities to increase efficiency of the water supply network of Prato.

Prato, Italy
Years of activity: activity on the aqueduct network system of Prato began in 2011 and is
still ongoing.
Objectives: The management utility Publiacqua Spa manages the integrated water service
in the Institutional Optimal Area 3 Middle Valdarno (Tuscany) for a total of 46 municipalities.
In 2011 Publiacqua Spa has undertaken an intensive campaign of districtualization of its
own water networks to optimize and reduce the real losses value. The achieving of the
objective has involved the progressive engineering of the networks through successive
phases of analysis of the areas of intervention, the study of the interactions with near
systems and detailed definition of the priorities. The final objective is to reach, at medium
to long term, a more structured water system independent from the metropolitan system
Firenze-Prato-Pistoia which it belongs.
Specific objectives of the activity are: i) reduction of the resource inserted in the network
and water saving through the systematic research of leaks and districtualization (at regime
a recovery of 9,000 m3/day); ii) increase of local water resources and greater flexibility of the
system (construction of new wells, restructuring existing wells, interventions on reservoirs,
it is to attend an increase in availability of about 17000 m3/day with a strategic reserve
of 7.000 m3); iii) preservation of the water quality supplied to the network by means of
strengthening of the treatment chain and by studies on groundwater.
Final users: Publiacqua S.p.A
Main activities: acquisition and processing of basic information (asset), network
schematization, realization of the water balance, flow rates and pressures monitoring, MNF
analysis, research of unreported leakage, calculation of the energy indexes, mathematical
modeling, realization of DMA, pressure control, implementation the remote control system,
upgrading of the local water collection, treatment and accumulation plants already in place.
Methodology for leak detection: non-destructive acoustic techniques such as “geophone”
and “correlator” rather than hydrophones insertion;
Identified unreported leakage: the systematic survey campaign of unreported leakage,
performed from autumn 2015 the June 2016, detected 344 leaks.
Flow measurement points: not available Information.
Pressure measuring points: 20 measurement points for calibration of the mathematical
model.
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Description of activities: The Prato network (487 km for distribution, 68 km for adduction)
is characterized by the presence of a distribution ring that ideally circumscribes most
of the populated city and from which spread branches for the small distributions. The
production plants directly introduce the resource in the ring, with the only exceptions of
network wells. Daily maneuvers on major production systems are performed depending
on the users water demand and on the maintenance requirement for the safeguard of the
minimum operating pressure. Before these activities, the Prato network was showing an
unsustainable night minimum for the supply system.
The management entity has provided for the creation of temporary consumption sectors,
as defined in D.M. January 8, 1997 n.97, to the monitoring of the main hydraulic variables
typically representative of the state of an aqueduct system, flow rates and pressures,
and also the definition of water balances and analysis of minimum night through the
methodology of the Minimum Night-time Flow, identifying a target for the next phase of
active leakage control. Consequently the collection phase of structural information, the
general diagram of the network system indicating the points of supply, input and output,
has been rebuilt. The network engineering continued by implementing the flow monitoring
system to increase the number of fixed measuring points and to replace unsuitable existing
gauges. The product of this phase is a remotely controlled system able to: instantly valuate
the water injected into the network, estimate the total losses by the MNF technique, create
an historical database and monitor the effectiveness of the optimization and efficiency
chosen operations.
At the beginning of the efficiency improvement activity, the application of the water balance
and of the MNF technology indicated an estimated loss level in about 350 l/s in the system.
Given a target , the water Manager has defined a time sequence of actions to bring back
the value of night minimum at about 300 l/s.
A dynamic mathematical modeling using imposed demand (with EPANET code, version 2.0,
http://www.epa.gov) was performed for the entire network by simulating the complex of
the functional rules and the detailed architecture of the system. The calibration phase has
required the execution of a monitoring campaign of network pressures and intermediate
crossing flow rates, using portable logger equipped instrumentation. The reliability of the
model can be evaluated by comparing the output data from the software with data derived
from site measurements carried out over a 24 ours period representative of the hydraulic
functioning of the system on a fault free day. Using the described procedure it was possible
to obtain a network configuration close to the real functioning. The appropriately calibrated
model represents a valid informatic tool that allows to highlight otherwise not contemplated
management issues, to identify and report any stress on the network caused by pressure
variations, and it is also essential to evaluate the effectiveness of interventions performed
to increase the optimization and efficiency of the system. In this specific case the model has
been used for the active control of the losses by dividing the Prato network into independent
districts at controlled pressure and defined in relation to the orography of the served area
and to the specific needs in terms of operating pressures to ensure the present utilities. The
identification of the size of each district is strongly linked to the type of considered network,
to its extension, to the number of users served, as well as the complexity of the network
itself. All these factors, combined with the need to prevent disservices to users, constituted
the whole of the constraints to be respected in the optimal design of water districts. At
the same time and after the definition of the DMA, the administrator has undertaken an
extensive and systematic leak detection campaign through years. The technology used is
based on electro-acoustic systems that provide for the sectioning of analyzed traits and the
application of noise detectors (external piezoelectric sensors or insertion hydrophones)
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Alternatively, and in relation to site needs, the geophone has been used.
Results: The active leakage control together with the pressure management phase on
the various identified districts has led to a reduction of water inputs in the network, to a
slowdown in the generation of new losses and to reasonable energy saving due to lower
exploitation of the catchment, treatment and pressurization installations of the system.
The effectiveness of the leakage management protocol is visible on the district named
Mezzana characterized by a minimum night flow of 45 l/s in front of an expected consumption
of about 9 l/s. The mathematical model has allowed to identify the more appropriate number
of entry points with controlled pressure and to determine the transiting flow in each one,
necessary to size the valve for reducing the downstream pressure. In the present case a
district has been created, with a single entry point with downstream pressure relief valve
functioning night and day. The plant was equipped with a remotely controlled flow meter.
The impact of the new sector configuration has been immediately visible. The minimum
night flow lined up to the expected values.
Over the last five years 19 DMA on the 21 initially hypothesized have been activated in the
area of Prato; while regarding the aspect of groundwater withdrawals, the realignment of 15
existing wells resulted in the increase of about 10% of the locally produced resource during
year 2015. The average daily flow rate entering the Prato system during the September
2015 to July 2016 period went from about 1025 l/s to 800 l/s bringing a substantial resources
saving and consequently to a reduction of energy consumption.

Costs: 1.2 M €
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Optimization service of the Grosseto aqueduct

WSO/3

Grosseto, Italy
Years of activity:2010
Objectives: substantially increase the efficiency of the distribution system through network
districtualization, management and active control of real losses.
Final user: Aqueduct of Fiora Spa
Description and of the water network main characteristics: The structure of the
Grosseto aqueduct (with a network extension of approximately 730 km), as shown by
preliminary analysis, is the result of a series of structural interventions that, over time,
have permitted to develop a distribution system almost completely optimized and with a
good capacity of working by gravity, with the exception of the coastal zone. The network
in question can be schematically represented in four functional macro-sectors supplied by
gravity by 5 tanks placed at altitudes between 50 and 110 meters above sea level. These
four distribution facilities are physically interconnected.
Main activities: acquisition and processing of information upon the asset, network
schematization, water balance evaluation, flow rates and pressures monitoring, MNF
analysis, unreported leakage research, mathematical modeling, creation of DMA,
proposition of pressure control, verification and tuning of existing flow-meters.
Methodology for leak detection: non-destructive acoustic techniques as the “geophone”
and “correlator”.
Identified unreported leakage: 74.
Flow measurement points: 16.
Pressure measuring points: 25.
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Description of activities: Engineering activities aimed at improving efficiency of the
distribution network of Grosseto and nearby areas. Increasing efficiency activities has been
carried out in sequential and repeatable steps with a greater level of detail in relation to the
critical issues raised during the survey phase and the initial monitoring. As a first approach,
the monitoring of circulating flow, the quantification of sector consumption, the relative
daily pattern that characterize the served area and the relative working pressures have
been carried out both prior and after the search of unreported losses, in order to quantify
them.
The most significant result of the calibration of the implemented model is the identification
of an abnormal flow, equal to about 4.5 l/s, in a network limited area of about 200 m. In
this area, identified by the model, a detailed research has been conducted that led to the
identification of two breaking caused losses for a total of approximately 4 l/s.
The study has been further investigated by considering the possibility of installing pressure
relief valves (PRV) in suitably chosen points. With these installation points fixed, the hydraulic
model tested different configurations of the network by varying time to time the number
and combination of the active valves, calculating for each configuration the reduction of
flow rate of the losses compared to the original configuration and the installation costs
of the valves. The cost/benefits analysis has been developed on the results obtained in
the various configurations, with the aim of highlighting the best configuration in terms
of shorter period of investment amortization. The following table shows the synthetic
chart of the analysis, where the numbers placed in brackets next to “PRV” represent the
identification codes of the active valves in the different configurations.
Results: in the end the activities upon the water network achieved an improvement in terms
of delivery (continuous over 24 hours) and average pressure of the service to the users.
From the management point of view, besides the undeniable improvement in knowledge
and management skills, significant results have been achieved in terms of losses reduction
from the initial 61% of the input discharge to 20%. Finally the installation of the relief valves
has permitted a control over the losses through the management of the in the network.
The total volume recovered by reduction of the losses was about 195.000 m3/year.
Costs: 50.000 €
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Hydraulic analysis aimed at reducing loss in the distribution network of the
Municipality of Vallecorsa

WSO/4

Vallecorsa, Frosinone, Italy
Years of activity: 2010
Objectives: Districtualization of the network, real losses management and active control.
Final user: AcqualatinaS.p.a. territorial manager 4 of southern Lazio.
Main activities: acquisition of the network and load on GIS database, integration GISUtilities database and analysis of water demand, water balance evaluation, flow rates
and pressures monitoring, MNF analysis, unreported leakage research, DMA realization,
installation of pressure relief valves for pressure management.
Description and main characteristics of the network: The water supply network of
the Vallecorsa municipality has an overall length of about 20 km and it is served by two
tanks with different altitude. The users served are 1364 in an estimated population of 3115
resident habitants. A the start of the optimization activities, the network was resulting
divided into two completely separated districts and served respectively from the top and
the bottom tanks and the service was bypassed for effect of excessive losses. It has been
estimated that, before the intervention of optimization, the dispensing was happening for
about 16 hours/day on average.
Methodology for leak detection research: Pre-locationing through mathematical model
and locationing through non-destructive acoustic techniques such as “geophone” and
“correlator”.
Identified unreported leakage: 2.
Flow measurement points: 3.
Pressure measuring points: 6.
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Description of activities: On the Vallecorsa network activities were conducted to perform
valuations from a comparative analysis of the following information: i) annual volumes
entering the network and delivered to the users for the calculation of the district water
balance; ii) inflow measures in delivery hours; iii) preasure measures in the network
during delivery hours; iv) verifying, through the hydraulic model, of the operating regimes
highlighted by the measures based on the available data, and identification of any anomalies
possibly caused by operations in the network, not counted consumption (authorized or not),
or water losses. The most significant result of the calibration of the implemented model is
the identification of an abnormal flow, equal to about 4.5 l/s, in a network limited area of
about 200 m. In this area, identified by the model, a detailed research has been conducted
that led to the identification of two breaking caused losses for a total of approximately 4 l/s.
The study has been further investigated by considering the possibility of installing pressure
relief valves (PRV) in suitably chosen points. With these installation points fixed, the hydraulic
model tested different configurations of the network by varying time to time the number
and combination of the active valves, calculating for each configuration the reduction of
flow rate of the losses compared to the original configuration and the installation costs
of the valves. The cost/benefits analysis has been developed on the results obtained in
the various configurations, with the aim of highlighting the best configuration in terms
of shorter period of investment amortization. The following table shows the synthetic
chart of the analysis, where the numbers placed in brackets next to “PRV” represent the
identification codes of the active valves in the different configurations.
Results: in the end the activities upon the water network achieved an improvement in terms
of delivery (continuous over 24 hours) and average pressure of the service to the users.
From the management point of view, besides the undeniable improvement in knowledge
and management skills, significant results have been achieved in terms of losses reduction
from the initial 61% of the input discharge to 20%. Finally the installation of the relief valves
has permitted a control over the losses through the management of the in the network.
The total volume recovered by reduction of the losses was about 195.000 m3/year.
Costs: 50.000 €
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Application of a demostrative strategy for determining and decreasing water
loss in the water network of the Municipality of Piombino

The B6 Action requires the demonstrative database, the territorial consumption data

implementation of a strategy for identifying
and reducing water network losses in a
water distribution pilot district identified
in the Piombino municipal area (Fig. B6.2).
The application of this strategy, as well as
representing an optimization process in the
strict sense, focused on reducing operating
costs, represents a real evolution towards
an informed and balanced management
of available resources and assets. The
work activities to achieve the prearranged
objectives can be summarized in the following
steps: a) acquisition of the base knowledge, b)
analysis of the water demand, c) construction
and calibration of the mathematical model, d)
definition and realization of water districts, e
) measurement of total losses, f) refinement
of the mathematical model, g) losses prelocationing, h) leak locationing, i) pressures
optimization plan, l) leakage management.
These are described below.
a) acquisition of the base knowledge. The
process will take as a starting point the
already available substantial wealth of
knowledge within the operational database
of ASA spa (SIT, Management Utilities, SCADA,
Technical Management) and through the
aggregation and the integrated use of this
information it will enable to develop all the
tools for reducing and controlling losses. The
available data within the GIS database will
allow to obtain the network hydraulic and
topological information to which associate,
through integration with the Utilities

hydraulically associated to the distribution
network. The subsequent implementation of
a mathematical model will allow to obtain the
starting point for the current state analysis,
to be refined through successive calibration
stages. At the same times all the information
related to network management rules, useful
in understanding the current status of the
water system and the logics of its operating
system, will be acquired.
b)Analysis of water demand. The collected
data processing consists in the crossing
of available information in function of the
performed aggregations , aiming to identify
a relationship between number and types of
water utilities, residents, land registry data,
etc. Any discrepancy between the crossed
information will be handled through further
analysis to detect the possible presence of
not counted utilities, authorized and not, or
areas of under-registration of the counters. In
particular, the areas where it is not possible
to identify a congruent consumption with
the number of actual or potential users will
be designated as critical areas potentially at
risk of administrative loss, on which conduct
investigations. This activity is crucial to
estimate the water balance components
related to uncounted consumption.
c) Construction and calibration of the
mathematical model. The hydraulic model
of water supply system will be prepared
through refinement stages. It will start
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from pre modeling. At this stage, even if
the model approximation will still being in
refining, it will be possible to understand
the general functioning of the water system
in its whole and start the sensitivity analysis
for the identification of sensitive points in
the network to establish where to perform
flow and pressure monitoring. Collected
the monitoring data, the second calibration
phase will allow a refinement of hydraulic
parameters (roughness of the pipes and
water loss coefficients) that will permit to
achieve model results closer to reality and
important information on critical issues inside
the network. In summary, for the model
development, the following tasks must be
performed:
1. Acquisition of geometric, hydraulic,
topological and descriptive data of the
network from the GIS and construction of the
model (integration with the GIS).
2. Utilities data acquisition (integration with
the user management application).
3. Data acquisition on the tanks levels and flow
rates introduced into the network (eventual
integration with Remote control).
4. Pre-modeling and network sensitivity
analysis with predisposition of the map of
measurement points.
5. Installation of flow and pressure gauges on
the points identified by the sensitivity analysis.
6. Analysis of carried out monitoring surveys.
7. Calibration of the hydraulic model.
8. Network simulation.
d) Definition and implementation of water
districts. For districts planning the following
criteria will be taken into consideration: i)
homogeneity of altitude and load; ii) limited
number of branches connecting with the rest
of the network; iii) the status of the existing
and districtualized network, in the current
and future state, for minimum and maximum
pressures; iv) homogeneity of districtualized
areas.
e) Measurement of total losses. After the
realization of the water districts will be
possible, by measuring the input flow and
pressure in each district, to estimate the
global water loss. This will be done through
the evaluation of the Water Balance and
analysis of the Minimum Night Consumption,
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according to the methodology described
above, and the calculation of the performance
indicators (CARL, ILI etc.).
f) Refinement of the mathematical model.
For the purposes of an accurate analysis of
the realized water districts it will be possible,
on the basis of district monitoring, to check
and refine the reliability, of the mathematical
model of the entire water network. This new
analysis will identify, more accurately, at the
district level, the critical issues in terms of
water loss.
g) losses pre-locationing. The pre-locationing
of water loss will be realized by cross-analysis
between the different methods above (Step
tests and noise loggers) with the addition of the
critical areas highlighted by the mathematical
model. The spatial overlap of the critical
areas identified through these independent
methods will strengthen the pre-locationing
results by reducing the error risk.
h) Leak locationing. the true locationing
activities will focus Inside the critical areas
identified by the pre-locationing activities,
with the use of electro-acoustic and correlative
investigations (geophone , listening bar
and correlator), or alternative methods (eg.
Gas tracers) where the electro-acoustic and
correlative methods can’t provide reliable
results (non-metallic pipes, low pressure, etc.).
i) pressures optimization plan. For the
reduction of background losses the pressures
control methodology will be applied. In
particular, the model analysis and field
activities lead to find network portions in
particularly critical areas for pressure, old
age of the pipes and background losses. On
these areas the insertion and optimal control
of pressure relief valves will be studied by
analyzing the network in the functional and
in the current consumption conditions.
This phase will be conducted using a multicriteria optimization approach based on
the minimization of the pressures and the
simultaneous respect of the minimum
pressure for an adequate service level.
l) Leakage management. To allow a constant
survey of the losses in the network a
permanent monitoring system of the water
system performance level will be realized to
control water losses; these will be calculated
from periodic monitoring of the flow rate

entering the network districts, of the volumes
delivered to users and of the pressures
inside the network. This will permit to verify
the actual losses reduction in the targeted
districts. Through such constant evaluation it
will be possible to carry out a monitoring of
the water system, capable of highlighting any
anomalies representing an increase of losses
in the network. After the achievement of preestablished threshold values it will be possible
to activate the procedures for pre-locationing
and point research.

Fig. B6.2 A detail of the drinking water network scheme of the Municipality of Piombino.
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B7

HIGH EFFICIENCY SUB-SURFACE DRIP IRRIGATION
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This chapter was compiled by:
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Collection of experiences about water saving in agricolture

Introduction
At global scale, the availability of irrigation water is decreasing, and water conflict between
urban and agricultural use is increasing due
to food demand of a growing population, in
particular in urban areas. In the Mediterranean basin the situation is intensified by the environmental conditions characterized by poor
summer precipitations, high temperature and
the related decrease in soil humidity. This situation limits the growth of crops, which needs numerous irrigation intervals to provide
an adequate yield.
In the next future it will be necessary that water use in agriculture will be more sustainable,
implementing new technologies and strategies to guarantee water saving and a sustainable intensive crops yield.
The sub-surface drip irrigation (SDI) is a high-efficiency irrigation method, where water
is delivered at low pressure to the plant root
zone, below the soil surface by buried plastic
tubes containing embedded emitters located
at regular spacing. This method, is able to support all the water requirement of the plants
and, in addition, it has the capability of decreasing the water consumption respect to traditional systems, such as furrow and sprinkler
irrigation but also the more recent method of
surface drip-irrigation. The SDI is able to apply
water where it is necessary, through a water
distribution systems focused on plant’s root
systems. Moreover, the subsurface distribution minimizes the water loss by evaporation.
An additional benefit of these systems shall
be given by lifetime of the equipment (up to
15 years) that, despite an initial investment is
capable of guarantee a sustainable depreciation.

Other positive characteristics of SDI are:
Agro-Environmental
1. Reduction of losses of irrigation water due
wind drift loss compared to traditional systems;
2. Reduction of losses of evaporation system
compared to surface drip irrigation;
3. Reduction of the development of weeds
from the seed-bank thanks to missed wetting
of upper layer of the ground;
4. Reduction of erosion phenomena for runoff of excess water;
5. Reduction of plants diseases caused by leaf
wetting.
Agro-Technical
1. Increase of operating space for tractors in
the fields;
2. Reduction of the risk of equipment damage
by wildlife;
3. Lower working force cost for implementation of the implant compared to annual pipelines.
Thanks to high-efficiency of water distribution, the SDI is suitable in several environments where there is limited water availability, such as dry areas, semi-arid areas, and
windy areas. The several combinations of SDI
layouts (emitters numbers, depth and pipeline spacing) allows to plan adaptable systems
towards the different soil patterns and field
crops. SDI is suitable for sandy and clay soils
and it can be implemented for all the field
crops, including row crops such as corn and
warn-season vegetables, temporary grassland or perennial vegetables.
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Sub-irrigation plant layout
The layout of SDI systems (Fig. B7.1) is equipped with water filter units and pressure regulator at the end of the subsurface pipelines,
in order to ensure adequacy of the flow and
removal of suspended solids that can clog
the subsurface emitters. The clogging limits the water flow rate, therefore inducing to
possible breakpoints due to overpressure.
The distribution of irrigation water is done
by sub-surface driplines with specific low volume micro sprays placed at a variable depth
ranging from 10 to 50 cm from surface level,
according to soil characteristics. This allow for
the direct wetting of soil layer relevant for the
crop roots.
In the following figure is reported the general scheme of SDI system. In the first step,
water is filtered via batch-filtering and when
fertilisation is needed, liquid fertiliser can be
added by a Venturi tube (fertirrigation). Then,

water flows into the driplines. Several valves
set the working pressure, guaranteeing the
water pressure optimum level. Then, the water is canalized in main pipe in order to obtain
a constant operation pressure of 1 – 2 atm in
the sub-surface driplines.

Fig. B7.1 SDI Layout
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SDI/1

Rossi Farm, corn sub-surface drip irrigation

Malagnino, Cremona, Italy
Species: Corn (Zea mays L.)
Year 2014
Plant investment: 8.5 plants per m2
Soil typology: Silty
Plant layout: Sub-surface dripline at 47 cm of depth, with spacing 70 cm, in row emitters
every 30 cm.

Main results:
During the year 2014, abundant rainfalls over
the annual average have been registered
(400 mm from April to September), thus reducing water use. However, in the irrigation
intervals, corn with the SDI system required
less water compared to furrow system. From
furrow system to SDI system, the watering is
decreased from 2244 to 838 m3ha-1. Moreover, the crop yield increased about 35%, increasing from 10.6 t ha-1 of dry matter, with
conventional system (furrow), to 14.3 with
high-efficiency system (SDI).

Positive aspects:
Water saving
Yield increasing
Decrease of leaching risk
Use of fertirrigation
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SDI/2 Carpaneta Farm,soybean sub-surface drip irrigation

Gazzo di Bigarello, Mantova, Italy
Species: Soybean (Glycine max L.)
Variety: Ascasubi (SIS)
Year: 2014
Plant investment: about 50 plants per m2
Soil typology: Silty

Main results:
In the year 2014, soybean, planted the 6 May
2014 via direct planting, recorded a crop
yield increase and a decrease in water use
for irrigation due to the use of a SDI system
(www.lifehelpsoul.eu). With the change from
surface to sub surface irrigation, the crop
yield increased from 3.6 t ha-1 to 3.8 t ha-1 in
dry matter, while watering decreased from
781 to 694 m3ha-1.
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Positive aspects:
Water saving
Yield increasing
Decrease of leaching risk
Decrease of plant diseases

SDI/3

College of Agricultural Science, broccoli sub-surface drip irrigation

Dourados, Mato Grosso do Sul, Brasil
Species: Broccolo (Brassica oleracea var. Italica)
Year: 2013
Plant investment: 2 plants per m2
Soil typology: Sandy
Plant layout: Sub-surface driplines at 5 cm depth, 100 cm spacing with in row emitter every
50 cm.
Costi: 2500 € ha-1
Main results:
In the 2013, a test between irrigation systems recorded a superior yield, expressed as flowering weight, for the SDI system
respect to surface drip irrigation or micro
sprinkler spraying: 25.3 t ha-1 for the SDI respect to 24.5 and 20.5 t ha-1.
The annual water consumption ranged from
157 mm ha-1 with SDI to 180mm ha-1 with
micro-sprinkler irrigation system. Under an
economic point of view, in spite of an higher
investment costs, the SDI system had an higher profit, about 5% more respect to surface drip irrigation system and 25% more compared to micro-sprinkler irrigation system.
The use of SDI had an higher cost-benefit decimal ratio (7.2) than the other two methods
and the highest return rate, 6.32%.

Positive aspects:
Water saving, compared to sprinkler irrigation
Yield increasing
Increase of income and profit
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SDI/4 Meadows sub-surface drip irrigation

Garden City, Kansas, USA
Species: Medicago sativa L.
Year: 1999 - 2001
Plant investment: line sowing, 15 cm spacing
Soil typology: loam
Plant layout: Sub-surface dripline at 30 cm depth, 100 cm spacing with emitter every 60 cm.
Costs: 2500 € ha-1

Main results:

Positive aspects:

In the 1999, alfalfa has been seeded after the Durability
setting of an experimental SDI system. The Water saving than pivot irrigation
field test compared SDI with the pivot spraying Yield increasing
technique. In the following two years, 2000
and 2001, meadows with SDI has resulted in an
average yield increase about 3% compared the
pivot spraying technique ( 20.0 vs 19.4 t ha-1).
SDI reduced watering from 6400 m3 ha-1, needed with the pivot spraying technique, to
5400, during the 2000 growth season, and
from 6370 to 4880 m3 ha-1 in the 2001.
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SDI/5

Tomato sub-surface drip irrigation

Fresno, San Joaquin valley, California, USA
Species: tomato (solanum esculentum l.) Var. H8892 e h9557
Year: 1999-2001
Plant investment: 12000 piants per ha
Soil typology: saline clay loam
Plant layout: Flexible hoses applied at 20 cm in depth and at 1.5 m of space with in row
emitters at 40 cm
Costs: 316 $ ha-1 annual (for a ten-year lifetime)
Main results:

Positive aspects:

In the 1999, after switching from spraying to
SDI irrigation systems, yield of tomato var.
H8892 is increased from 81.86 to 103.67 t
ha-1 in face of a decrease in watering from
427 to 406 mm. In the following 2 years, SDI
allowed for tomato yields above 100 t ha-1,
guaranteeing water availability and water
saving. From the economic side, as recorded
in other tests, SDI allows for higher benefits
for the farmer, thanks the saving of energy
and growth costs together with increase in
tomato yield. In particular, the decrease of
annual costs in weeding and emitters repositioning allows for lesser energy consumption for the farmer. The ten year lifetime of
the system ensures a sustainable amortization of the initial installation costs.

Water saving than center pivot irrigation
Yield increasing
Increase of income and profit
Sustainable crop intensification
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Demo pilot on water saving in agriculture

The SDI systems provide the best efficiency
performance in terms of water use reduction
for irrigation and durability of perennial crops
in semi arid and windy zones, such as the Mediterranean seaside areas. In the Cornia Valley, Artichoke (Cynara cardunculus L. var. scolymus (Fiori)) cultivation covers an area of 600
ha, with a durability of 3-4 years.
Watering of artichoke is fundamental for improving yield and controlling crop growth to
increase the crop profitability. In the Mediterranean areas, the seasonal watering for the
artichoke ranges from 2500 to 4000 m3 ha-1,
depending on climate conditions and artichoke variety.
The use of SDI becomes optimal for decreasing the water demand for artichoke cultivation.
The demo field covers an area of about 4
ha and it is located in the town of Campiglia Marittima (43°01’59.6”N 10°35’16.1”E)
(Fig. B7.2).
Artichoke production have a high watering requirement, particularly in the first period after
the transplant of the seedlings and the subsequent rooting, to limit as much as possible
economic loss due to failings in crop growth.
The transplant occurs at the end of the summer.
In this phase, watering requires 500 m3 ha-1.
In the following years, waterings of about 800
m3 ha-1 are carried out in summer to anticipate the production and increase the yield of
artichoke.
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For a correct evaluation of the watering for
the artichoke in the period of growth, to evaluate assess the water needed to supply to
the crop it is necessary to calculate the crop
effective evapotranspiration.
This value is determined by two factors: (i) climate and (ii) artichoke crop coefficient (related to the phenology of the crop), as indicated
in Equation 1.
To save water, the needed watering volumes
can be corrected through the use of double-depth soil moisture sensors (Fig. B7.3).
The evapotranspiration value (Eq.1) will be
corrected by the information generated by
the soil humidity gradient between the two
sensors placed in the soil.
In addition, the complete automation of the
system, using an electronic control unit, with
remote control system by GRPS data transmission, ensures the check of all technical
parameters (distributed water amount, irrigation time, soil moisture) and avoid waste of
water for sudden breakages.

Eq.1 ETc=ET0*Kc
where
ETc = crop effective evapotranspiration
Kc = crop coefficient
ET0 = reference crop evapotranspiration

In order to determine the best level of water
usage in the artichoke cultivation in Cornia
Valley, it is useful to provide the division of
the artichoke in different irrigation-rate areas,
with increasing amount of watering (from 50
to 100% ETc). The soil of the demonstration
field has a sandy loam soil texture (Tab. B7.1),
therefore the installation of sub-surface dripline must be conducted at 30-40 cm depth
(Fig. B7.3).
The water pumped, before joining the main
pipe, must be appropriately filtered, in order
to prevent the obstruction of the emitters, by
a self-cleaning batch filter. If needed, a venture pump will enrich the water with liquid
fertilizer providing to the crop the amount of
nutrients useful for its development.

Through the use of pressure reducing valves, the operating pressure of the water flow
will reach the optimal level before joining the
main pipe (cylinder head) and before the buried driplines (operating pressure 1.2-1.5 atm).
The demonstration field has a surface 4 ha,
placed at 12 m above s.l., with a slope inferior
than 1%, which ensures an even distribution
of water from underground driplines to the
soil surface. The artichokes will be transplanted in row spacing 1.5 m and every 21 files
will be left a space of 3.3 m for the passage
of operating machines. Therefore, it is important that the sub-surface driplines will be placed before transplantation of artichokes seedlings in order to put these latter just above
the dripline emitters.

Fig. B7.2 The demo field on water saving in agriculture.
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Plant mainenance
Introduction and extraordinary
management
The installation of electronic control units for
remote control of the system allows to have
real time information on anomalies regarding
water distribution, thus making the management of the system more proper and easy.
Smatphones apps or SMS can informs about
alarms regarding fails and losses. The installation of automated control units in the system
ensures the proper amount of water consumption and facilitates the feasibility extraordinary management operations.
Ordinary management:
emitters cleaning
For the long period, annual cleaning of the SDI
emitters is essential to provide the best efficiency in irrigation water distribution.
The cleaning operation is subdivided in two
different cleaning, the first aims to eliminate
residual organic compounds (algae and other
organic particles), the second to eliminate
inorganic ones (salt scales). The fertirrigation
unit allows the mixing of the cleaning additives at pre-fixed concentrations, limiting the
risk of damaging pvc pipes and emitters with
excessive doses.
The first cleaning must use base reaction
substances (sodium hypochlorite, hydrogen
peroxide), able to oxidize and disrupt all organic residuals in valves, tubes, and emitters,
where algal growth is common. Between first
and second cleaning, it is appropriate to wash
the systems with water without additives for
some minutes, keeping the cleaning valves of
each sector open, to allows the wash out of all
the water in the system. The second cleaning
must use acid additives (sulphuric acid or citric acid) to remove scales and free emitters
from occlusions. This operations must be repeated two or more times, each time with a
pause to allows the reaction of the used additives. After the second cleaning, it is necessary
to wash out the system again and let all the
water in the system to flow away. All cleaning
phases must be performed during the crop
vegetative rest, to not damage roots.
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Fig. B7.3 Double dept soil moisture sensors (http://
www.specmeters.com)

Batch filter cleaning
The correct maintenance of the filter allows
the homogeneous distribution of irrigation
water, reducing losses through the correct repartition of pressures among all sectors of the
system.
Each time a pressure lost is seen downstream
the filter, it will be necessary to disassemble
the batch filter units and cleaning them from
residuals and impurities.

Tab. B7.1 Soil agronomics characteristics of the demo field

Fig. B7.3 Installation phases of the demo pilot layout
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B8

TREATED WASTEWATER REUSE
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Collection and analysis of experiences on treated wastewater reuse in
irrigation

Introduction
Worldwide - and particularly in the Mediterranean area – treated wastewater reuse represents an approach of fundamental relevance
in the sustainable water use, and it is identified as a priority topic in the Water Blueprint
(2012) of the European Commission (EC) Communication. The reuse is one of the supplementary actions indicated by article 11(4) of
the Water Framework Directive – WFD. The
EC Communication Addressing the challenge
of water scarcity and droughts in the European Union (2007) defines the hierarchy in the
actions towards water scarcity, enlightening
the needs in increasing the efficiency in water use than resort to new water sources. In
this framework, wastewater reuse is a priority
action. Wastewater reuse means the use of
wastewater of different origins after a specific treatment depending their final use. Reuse
can be direct or indirect. Direct reuse indicates the inlet of treated wastewater in pipes,
tanks and other infrastructures for its distribution and its use. Indirect reuse refers to treated wastewater discharged in a water body
(lake, river, groundwater…) and then recovered. Reuse can also be planned, or unplanned.
Planned reuse considers dedicated systems
for the reuse (treatment plants and distribution network), unplanned reuse refers to an
uncontrolled reuse, for example withdrawals
from a water body where treated wastewater
is discharged into. In the Mediterranean area,
this is a common situation, often jointed with
unauthorized withdrawals.

Wastewater reuse policies in the
European Union
The EC Communication on circular economy
(2015) analyse the treated wastewater reuse
asserting that “treated wastewater reuse in
safety condition and with sustainable costs is
a currently underrated relevant measure for
increasing water availability and to limit wa-

ter resources over exploiting across European
Union”. In this Communication is present the
commitment to develop measures to increase
treated wastewater reuse in European Union,
where economically competitive and in safety
condition for environment and human health.
The action plan comprehends, among others,
the current initiatives (2016-2017):
- publication of Guide lines to support the integration of reuse for planning and management in the WFD context (CIS, 2016). On the
basis of common practice found in EU and
other countries, the Guide lines include advices on how to include reuse considering environmental and socio-economical benefits;
- definition of the minimum requisites for
treated wastewater reuse for irrigation and
groundwater recharge. One of the main obstacles to wastewater reuse is the lack of a
framework of regulations shared by the EU
countries. Numerous States developed their
own, often different, regulations, inducing
possible complexity in, as example, agricultural commerce. The lack of comprehension on
the benefits and on the effective risks leads
to scepticism of the public and the adoption
of extremely precautionary approaches (i.e.,
the prohibition of treated wastewater reuse
for groundwater recharge). For this reason,
the Commission will propose, for the 2017,
the regulation on the minimum requisites for
treated wastewater reuse for irrigation and
groundwater recharge. The technical proposal is in development phase by the Joint Research Centre of the EC and will be discussed
with the Scientific Committee on Health, Environmental and Emerging Risks (SCHEER).

Wastewater treatment
The definition of reuse depends on the treatment level of wastewater. Directive 91/271/
CEE on urban wastewater treatment defines
the treatment levels in the following method:
- primary treatment: urban wastewater treatment by the means of physical / chemical
process to induce suspended solids sedimen-
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tation, or by other processes reducing BOD5
(biochemical oxygen demand) of wastewater
of minimum 20% and total suspended solids
of minimum 50%;
- secondary treatment: urban wastewater
treatment by the means of a process usually consisting in the biological treatment with
secondary sedimentation, or other processes
following the requisites defined by Table 1 of
Annex 1.
WFD defines other treatment levels depending wastewater typology and its reuse. Often
referred as tertiary treatment, they involve
additional methodologies for removal of nitrogen, phosphor or pathogens.

Potential reuse
Potential field of treated wastewater reuse
(schematically reported in the following table
and figure) are agriculture (for food and no-food crops), industry (washing – pre washing
- pretreatment), amenity (green urban area
and sports centers irrigation) (Tab. B8.1). Each
of the former cases have requisites, particularly regarding hygienic and sanitary. Conventional treatments usually do not comply with
the requisites. Thus, it is needed to research
for alternative tertiary and disinfection treatments to reach high quality standards for
water by removing bacterial, nutrients (ISPRA,
2017) and emerging pollutants (i.e.: pharmaceuticals, personal care products).
Wastewater reuse can be implemented for
different needs, with the following condition:
) appropriate wastewater quality to their use,
safeguarding the users; b) reuse is not a risk
for environment; c) an adequate distribution
network is available; d) treatment and distribution costs are economically competitive; f)
there is local acceptability and responsibility
sharing between producers and users.
Among the possible field of reuse designed by
the Table 1 of Annex 1, agriculture is today the
most common, due to irrigation being of paramount importance and susceptible to water
shortages. For example, in the Murcia region
(Spagna) 100 Mm3/year of treated wastewater is reused (CIS, 2016). Due to the seasonal
trend of water demand, storage is of great
relevance. For this topic, treated wastewater
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reuse can be linked with managed aquifer recharge (see section B4 for reference).
Another advantage from reuse in agriculture
is the possible use of nutrients available in the
treated wastewater, depending the treatment
form. Depending the type of soils, the crop
and vulnerability of water bodies, it is possible to use the nutrient in treated wastewater
instead of synthetic fertilizers. In European
Union, the reuse for irrigation and its social
acceptability vary from country to country;
it is then necessary, when the first steps in
treated wastewater reuse are to be made, to
link different adequate treatment systems
with actions to include the civil society in the
projects.

Treated wastewater reuse in Italy
Treated wastewater reuse in Italy is regulated
by the Testo Unico Ambientale, TUA (D.Lgs
152/2006) art. 98 and Table III, Annex 5, and
by DM 185/2003 (Regulation and technical
norms for wastewater reuse following article
26, clause 2, of D.Lgs 11/1999, n.152). Art.98
formulate measures to avoid wastefulness,
designating Regions for the actual realization.
DM 185/2003 defines the technical norms
for domestic, urban and industrial wastewater reuse, depending the use destination and
the relative requisites. The decree focuses
on environmental and sanitary safeguarding
(ISPRA, 2017).
Despite the regulation, wastewater reuse is a
very complex practice with a serie of structural, sanitary and economic problems. Technical difficulties in transferring water resources
seem to be one of the principal causes of the
lack or reuse in some of Italian regions. High
costs for water reuse and low costs of conventional water resources, ad example for irrigation, are one of the reason of under use of
treated wastewater reuse in Italy.
In the LIFE REWAT project, treated wastewater
reuse is used for irrigation of a sports facility (a
soccer field), in place of freshwater withdrawn
from groundwater. Treated wastewater reuse
for irrigation is a relevant topic, thus in the following pages case studies of reuse on irrigation are presented. For other information, it
is possible to visit the ALERA project website

(http://alera.ecofilae.fr/), to visualize the documentation produced by the Action Group
122 WIRE in the European Partnership for
Water Innovation (http://www.eip-water.eu/).
The design project of the LIFE REWAT demo
pilot, a treated wastewater reuse system near
the wastewater treatment plant of Campo di
Gallio in the Municipality Campiglia Marittima,
closes this section.

Tab. B8.1 Possible types of treated wastewater reuse (from Sanz and Gawlik, 2014)
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Schemes of possible treated wastewater reuse

Modified by The National Academies. (2010). Understanding Water Reuse: Potential for Expanding the Nation’s
Water Supply Through Reuse of Municipal Wastewater ISBN. Water Reuse as an Approach to Meeting Future Water
Supply Needs. Retrieved from http://nas-sites.org/waterreuse
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Treated WasteWater (TWW) reuse of Clermont-Ferrand (Francia)

TWWR/1

Clermont-Ferrand, Rhône-Alpes-Auvergne, France

Wastewater type: Urban wastewater
Year operation started: 1996
Site coordinator: ASA of the Limagne Noire (farmers association for irrigation)
Current status of the activity: operative
Secondary treatment type: Activated sludge
Tertiary treatment type: Lagoons
Main uses of the treated wastewater – recovery purpose: Rural irrigation for food (seed
maize, maize, wheat, beetroots) and no-food crops. Irrigation methods in use: drip and
sprinkler. Irrigation is performed in a total area of 14000 Ha and about 900000 m3 of water
are reused.
Final users: Farmers association ASA of the Limagne Noire
Simplified description of the main characteristics of the WWTP plant: The WWTP has
a capacity of 425000 EH and a storage capacity of 200000 m3 (ONEMA, 2014; Alera, 2016a).
Secondary treatment with activated sludge, tertiary treatment is performed by lagooning.
The lagoon treatment plant is shared in different periods of the year by different users. Each
year 40 Mm3 of wastewater are treated.
Main chemical characteristics of the influent: mainly domestic wastewater
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Monitoring protocol for effluent treated wastewater quality: COD, Suspended solids,
E.Coli, Enterocoques, Bacteriophages ARN-F and Anaerobic bacterial spores
Total cost of the wastewater treatment plant set up: no information available.
Cost of the treated wastewater: no information available
Main results in turns of environmental benefits: Maintaining local agriculture, decrease
of surface water resource use
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Treated WasteWater (TWW) reuse of Negrepelisse (France)

TWWR/2

Negrepelisse, Occitanie, France

Wastewater type: Urban wastewater
Year operation started: 2014
Site coordinator: Local Council Community Terrasses et Vallée de l’Aveyron
Main uses of the treated wastewater – recovery purpose: irrigation of 3.2 Ha of wood
trees (eucalyptus and poplar) for production of biomasses for energy. The irrigation method
in use is sprinkler.
Final users: farmers, urban and industrial areas of the Negreplisse city
Simplified description of the main characteristics of the WWTP plant: The wastewater
treatment plant has a capacity of 4000 EH with activated sludge . During summer, the finishing treatment is performed on reed bed filter (100 m2) and storage in a 140 m3 basin before irrigation use (Alera, 2016b). During winter, the finishing treatment is operated by lagoons
prior to discharge in surface water bodies. Each year 6300 m3 of wastewater are reused.
operating with rate load (50kg Suspend solid/m².year) : treatment efficiency on Suspend
solid (95 up to 98%), DCO (95 up 98 %), NTK (80 up to 88%)
Main chemical characteristics of the influent: sludge coming from individual wastewater
treatment plant and small collective treatment plant COD : 5 to 25 g/l, Suspended Solids : 5
to 50 g/l, Total Kjeldahl Nitrogen : 400 to 800 mg/l, Total phosphor:70 to 300mg/l
Monitoring protocol for treated wastewater effluent quality: Suspendend solids and
hydrocarbons content.
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Total cost of the wastewater treatment plant set up: Investment : 1 720 000€ Maintenance : 45 000€
Cost of the treated wastewater: not available
Main results in turns of environmental benefits: Reduction of paths for the sludge transport (saving about 100 to 120 km / day). Production of firewood to feed
the communal boiler (expected production 20tMS / year, about 1% of the annual
consumption). Increase in water supply quality during summer due to absence of
wastewater release pr surface water withdrawals.
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Treated WasteWater (TWW) reuse of Mancasale (Italia)

TWWR/3

Mancasale, Reggio Emilia, Italy

Wastewater type: wastewater to the plant has mixed origin (urban, rural, industrial).
Year operation started: From 2012, operative
Site coordinator: IREN Group
Main uses of the treated wastewater- recovery purpose: Rural irrigation (in particular
forage, grain, tomato). The reuse is performed following a programme in agreement with
Emilia Romagna Region, Consorzio di Bonifica dell’Emilia Centrale (Land Reclamation Consortium of the Central Emilia), Reggio Emilia Province and ATERSIR (Emilia Romagna Territorial Agency for Water and Waste Services). The setting up of the tertiary treatment plant
aims to increase water saving by the means of efficient wastewater reclamation and reuse
for irrigation purposes, partially replacing surface and groundwater use.
Final users: farmers and livestock companies supplied by the Consorzio di Bonifica dell’Emilia Romagna distribution network.
Simplified description of the main characteristics of the WWTP plant: Secondary treatment consists in traditional activated sludge with primary settling tank, selector, denitrification-nitrification , secondary settling tank and phosphorous chemical removal. Advanced
tertiary treatment consists in a rapid filtration system on multi-layer granular bed with coagulation-flocculation, followed by oxidation/disinfection phase with hydrogen peroxide followed by UV lamps. The facility treat 40000 m3/day for 120 day/year (about 4.80 Mm3/year)
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Main chemical characteristics of the influent: wastewater influent from the traditional
wastewater plant to the advanced tertiary treatment plant, comply with the thresholds defined by D.Lgs 152/06. The wastewater influent to the tertiary treatment plant does not
comply with quality limits defined by DM 183/2003 in parameters such microbial load, surfactants and hydrocarbons.
Monitoring protocol for effluent (treated wastewater) quality: Periodical monitoring of
chemical, physical and biological parameters is planned (to comply with regulation 185/2003
and Emilia Romagna Region Resolution n° 966/2015).
Total cost of the wastewater treatment plant set up: 2.5 M€
Cost of the treated wastewater: 0.037 €/m3
Main results in turns of environmental benefits: decrease in withdrawals from Po River
and groundwater.
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Reclaimed Wastewater Use at Farm and Irrigation District in Miraflores
(Spain)

TWWR/4

Jumilla, Murcia, Spaign

Wastewater type: Urban wastewater
Year operation started: Since 2010, operative.
Site coordinator: Centro de Edafología y Biología Aplicada del Segura (CEBAS-CSIC)
Main uses of the treated wastewater – recovery purpose: Rural irrigation (for food e no
food crops).
Final users: Farmers. The project “Feasibility study of using reclaimed water from the WWTP
of Jumilla in the Miraflores irrigators community” was developed in 2012 to assess the irrigation community of Miraflores (Jumilla, Murcia) about the best management practices to use
the reclaimed water in their different crops and irrigation infrastructure.
Simplified description of the main characteristics of the WWTP plant: In this demo-site
area of Miraflores, a continuous demonstration of research, development and technological
innovation on wastewater reuse is promoted (Pedrero et al., 2012). In the area, different
irrigation strategies, such as regulated deficit irrigation and precision irrigation attending
leaf stem water potential and gas exchange rates, are studied. The secondary treatment
consists in physical-chemical process (biological reactor and secondary settler), the tertiary
treatment is based on UV and chlorination systems. The facility is designed to treat 12000
m3/day. Water needs in agricultural sector are covered by about 3.8 million m3/yr pumped
from underground water sources and 1.5 million m3/yr of reclaimed water from Jumilla
Wastewater Treatment Plant.
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Main chemical characteristics of the influent: pH: 7,32 ; EC (dS/m) 1,96; Suspended solids (mg/L) 931,80; BOD 5 (mg/L) 791,90; COD (mg/L) 1810,89; Total Kheldahl Nitrogen (mg/L)
68,18; Total Phosporous (mg/L) 11,44;
Monitoring protocol for effluent (treated wastewater) quality: At the outlet of the facility, multi-parameter probes (pH, electrical conductivity, turbidity, nitrates and phosphates)
monitor in continuous the quality of the outflow. On the first store pond after the tertiary
treatment, information regarding EC, turbidity and pH are collected to a head programmer.
These information are measured for 5 minutes every hour. If treated water do not comply with the requirements of RD 1620/2007 (Spanish Law on water reuse) quality 2.1. level
(vegetables on contact with irrigation water), an alarm system alerts technician in service.
Reclaimed water is then mixed with water from other source and stored in a second storage
pond. At the outlet of this pond, nitrates, phosphate, potassium, EC, pH and turbidity are
monitored. Measured data are sent to the Irrigation Department of CEBAS-CSIC to assess
the farmers about the irrigation water quality. This allow to adapt the fertilisation for saving
nutrients.
Total cost of the wastewater treatment plant set up: 7.700.000 €
Cost of the treated wastewater: 0.25 (€/m3)
Main results in turns of environmental benefits: Stimulation of treated wastewater reuse
among end users. Fast and wide dissemination of reclaimed water irrigation technologies,
boosting adoption of the more efficient best management practices.
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Treated Wastewater reuse of the Agricultural and Water Research Platform
CEBAS-CSIC (Spain)

TWWR/5

Roldán-Balsicas,Murcia, Spain

Wastewater type: Urban wastewater
Site coordinator: Centro de Edafología y Biología Aplicada del Segura (CEBAS-CSIC)
Year operation started: Since 2012, operative
Main uses of the treated wastewater – recovery purpose: The Irrigation Community uses
treated wastewater (from 7 different plants), together with other water sources to irrigate
different crops (59% horticultural crops, 30% citrics, 7% greenhouses and 4% fruit trees).
Final users: Farmers
Simplified description of the main characteristics of the WWTP plant: Balsicas-Roldán
WWTP has and extended aeration (reactor + clarifier system), sand filter together with coagulation-flocculation and settling (lamellar) tank, with tertiary treatment by the means of
UV. Inside of the WWTP, is built the Agriculture and Water Research Platform (CEBAS-CSIC)
where different research projects are developed on: - effects of Agricultural reclaimed water
use on horticultural crops growing on soil and hydroponics; development of water treatment prototypes; studies on the safety in using these techniques; studies on emerging contaminants. From 2012, reclaimed water has been tested on different crops (tomato, pepper,
zucchini, lettuces, broccoli, pointed cabbage and parsley) on different substrates (rock wool,
coconut fiber) and agricultural soil. The plant is designed to treat about 5500 m3/day.
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Main chemical characteristics of the influent: pH: 7,52 ; EC (dS/m) 2.09; SS (mg/L) 454;
BOD 5 (mg/L) 371; COD (mg/L) 884; Total Kjeldahl Nitrogen (mg/L) 88; Total Phosporous
(mg/L) 13.51
Monitoring protocol for effluent (treated wastewater) quality: quality control on wastewater for irrigation use is based on the protocol defined by the Real Decreto 1620/2007
(Spanish normative for the reuse of treated wastewater), comma 2.1 (vegetables to be eaten
raw). Law defined parameters are monitored close to the outlet of the system, where is placed a valve that is activated when parameters are above the threshold values.
If the water not comply for the reuse, but it respects the limits defined by the Directive
91/271/ECC, the reclaimed water is discharged into a surface water course.
Total cost of the wastewater treatment plant set up: around 4.000.000 €
Cost of the treated wastewater: 0.20 (€/m3)
Main results in turns of environmental benefits: Demonstration pilot plant where users
and non-users can see all the agricultural wastewater cycle. Fast and wide dissemination of
reclaimed water irrigation technologies, boosting adoption of the more efficient best management practices.
Research/demonstration project associated to the treated wastewater reuse:
Intelligent Reclaim Irrigation System (IRIS) http://iris-project.eu/
Online Professional Irrigation Scheduling Expert System (OPIRIS) http://opiris.eu/
Low-cost water desalination and sensor technology compact Module (DESERT)
http://www.desertproject.eu/
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Treated WasteWater (TWW) reuse of urban and industrial center of Xghajra
(Malta)

TWWR/6

Ta Bark , Xghajra, Malta

Wastewater type: Mixed wastewater – Urban and Industrial
Site coordinator: Water Services Corporation – Public Utility
Year operation started: Actually in testing phase
Main uses of the treated wastewater- recovery purpose: Rural Irrigation (food and
non-food crops), landscaping and Industrial Uses
Final users: Private and Public Entities
Simplified description of the main characteristics of the WWTP plant:
The secondary treatment consists in high rate clarification process utilising flocculants, coagulants and lamellar settling (Degremont DENSADEG) combined with Biological Aerated
Filtration (Degremont BIOFOR) for Carbon removal and Nitrification. The tertiary treatment
consists in the following systems:
•
Ultra Filtration Stage
•
Reverse Osmosis Stage
•
Advanced Oxidation; UV and Hydrogen Peroxide
It is expected the treatment of 57000 m3/day, about 21 Mm3/year.
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Main chemical characteristics of the influent: Influent average monthly concentrations
for 2016 are reported in the following table
MONTH

INLET BOD5
(mg/l)

INLET COD
(mg/l)

INLET TSS
(mg/l)

INLET NH4-N
(mg/l)

JAN

253

877

354

43

FEB

222

908

373

55

MAR

227

756

284

66

APR

208

906

260

58

MAY

204

939

235

63

JUN

173

901

337

59

JUL

175

901

296

51

Monitoring protocol for effluent (treated wastewater) quality:
The monitoring protocol consists in: i) Daily analysis of COD, BOD, TSS, Ammonia-N; ii)
Weekly analysis of Total-N, iii) TOC and Total-P will also be analysed on a weekly or monthly
basis according to observed trends for these parameters and observed COD/TOC relationship trends; iv) A turbidity meter will divert treated wastewater effluent away from the polishing plant when a certain threshold is reached.
Other parameters such as emerging pollutants will be analysed. Monitoring frequency will
be established according to the final intended reuse application and concentrations of the
various parameters determined through snapshot analysis data.
Main results in turns of environmental benefits: Reduction in the abstraction of groundwater resources by the targeted sectors (agriculture, landscaping and industry).
Total cost of the wastewater treatment plant set up:
•
Cost of Wastewater Treatment Plant (primary and secondary): 67 M€
•
Cost of Polishing Plant (tertiary treatment): 5.44 M€
Cost of the treated wastewater: 0.64€ /m3
Main results in turns of environmental benefits: Reduction in the abstraction of groundwater resources by the targeted sectors (agriculture, landscaping and industry).
Research/demonstration project associated to the treated wastewater reuse (eventual):
Demonstrating Managed Aquifer Recharge as a Solution to Water Scarcity and Drought
(FP7 MARSOL) www.marsol.eu
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Treated wastewater reuse for irrigation of a sports facility in the Municipality
of Campiglia Marittima

The primary objective of the project is to limit
the consumption of drinking water coming
from the public water supply for irrigation of
the sports facility of the Municipality of Campiglia Marittima (Fig. B8.1). The proximity of a
municipal wastewater treatment plant to the
football field led to assess the possibility of
wastewater reuse for irrigation, in accordance
with the legislative instrument D.M. June 12,
2003 nr. 185 “Regulations on technical standards for wastewater reuse”.
The initial analysis process showed that this
type of operation involves:
a) Environmental Benefits:
- reducing withdrawals from aquifers (a cause
of salinization of coastal groundwater, in particular in summer);
- reducing discharges out of the wastewater
treatment plant (inducing positive effect on
the quality of surface water bodies and of the
sea);
- reduction of the amount of mineral fertilizer
distributed to crops.
b) other benefits:
- resource ensured even in times of water
shortages;
- possible use of nutrients contained in the
wastewater;
- use of water with monitored quality.
The site considered for this project is the urban wastewater treatment plant of Campo
di Gallio in the municipality of Campiglia Ma-

rittima, designed to treat 4,000 A.E. with an
annual daily average discharge of about 260
m3. The wastewater treatment plant involve
the activated sludge process. The operation
consists in the realization of civil engineering,
mechanical, hydraulic and electro-mechanical works, with electrical instrument. All these
works will ensure the supply of wastewater,
treated both chemically and microbiologically, to the outer boundary of the sports system
(delivery point from which the public authority will connect its inner water distribution
network).
In summary, the project considers the following operations:
1. supply and installation of an aboveground
concrete tank for a maximum of 50 cubic meters volume;
2. construction works, excavation, backfilling,
asphalting;
3. supply and installation of pumping system
from the treatment plant towards the water
storage tank, including switchboard, measuring instruments, automation, valves;
4. supply and installation of pumping system
from water storage tank to the boundary of
the sports facility , comprised of switchboard,
measuring instruments, automation, valves,
remote control system for starts and stops;
5. supply and laying of pipe from the wastewater treatment plant to the boundary of
the sports facility;
6. supply and installation of ultraviolet lamps
for the disinfection of treated wastewater directed to the sports facility;
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7. supply and installation of measuring, control and protection tools, control and verification unit;
8. upgrading electricity supply for new users.
Regarding the operating system, the water
storage tank will be powered by a submersible pump close the the exit of the treatment
plant and that will be controlled by three level
regulators: two in the water storage tank and
one in the end of the treatment plant .
The supply of purified and disinfected water
will be remotely controlled by the “final client”
with electric control device.

The project involves the installation of n. 3
probes for the detection of ammonia, electrical conductivity, and turbidity parameters,
with relative system control module.
In case one or more probes detect values
above the thresholds specified by the authorization act for wastewater reuse for irrigation purposes, an automatic system will
stop (through appropriate programming) the
pump placed in the water storage tank. With
the return of the parameters under the specified thresholds, the system will return to the
normal activity.

		Fig. B8.1 View of the Campo di Gallio wastewater treatment plant – Campiglia Marittima.
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