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RECHARGEABLE SUSTAINABILITY
THE KEY IS THE STORAGE

How to be in (re)charge of our future
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INTRODUCTION

Between 2007 and mid-2011, the Tragsa Group has financed the
project of R&D DINA-MAR, "Management of Aquifer Recharge within
the framework of sustainable development". The project has been
centered on studies related to aquifer management from different
perspectives and on its potential for consolidation as an effective
water management technique.

In October 2010 the Group published a book compiling the major
contributions of the research team, entitled: "DINA-MAR,"
"Management of aquifer artificial recharge in the context of
sustainable development: Technological stage", with 496 pages
written in Spanish. The book collected visions and results of
technicians from more than eight different disciplines. However, some
aspects were not included, such as those contributions and
conclusions reached in the periodic coordination meetings, formal
and informal, and from both Workshops and open debates held in the
course of the project. In order to unify emanating contributions from
different actors over four years’ time, the final synthesis book was
written with the aim of providing additional and complementary
information to the above-mentioned publication. It was translated in
English to make it accessible to a larger scientific community.

The text has four sections: 1) a summary of the Workshop held on
June 30, 2008, 2) a summary and conclusions of the final publication,
3) a summary of the closing workshop held 25 May 2011 and 4)
general project conclusions. As it is a continuous learning process,
the publication lacks the usual conclusions section, provided that it
occupies the entire book, as well as the bibliography, which provide
only two reviews, having a broad development in the book which
complements.
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We hope that this is of interest and accomplishes the Mission for
which has been carried out, dissemination, technology transfer and a
study of pros and cons of a water management technique that is
becoming more common.

-Demonstration sites as it is the case of the hydrogeological routes
“Caminitos de Agua” (little paths of water), implemented during the
development of the project, represent an important line of action in
terms of dissemination and environmental education. This example,
currently being applied in Spain, should be implemented in other
places of interest.

Figure 1. “DINA-MAR movie” Banner.
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The paper describes some action lines and their most remarkable
results and conclusions related to water management.

Inventory of existing generic devices and proposal of other

“new” devices

The starting point was an inventory of devices available for Managed
Aquifer Recharge (hereinafter, MAR) at a global level to create a
catalogue of practical experiences. These were grouped according to
the Gale (2005) classification. To these original 15 classifications,
eight more were defined (at the end of the Table 1) and some have
slight changes. The new devices are generally based on variations of
irrigation systems that increase water return to aquifers and the
implementation of MAR techniques in urban zones.

SYSTEM

TYPE OF DEVICE

DISPERSE

INFILTRATION PONDS

INFILTRATION CHANNELS

SOIL/AQUIFER TREATMENT TECHNIQUES

INFILTRATION FIELDS

RECHARGING BY IRRIGATION CHANNELS

CHANNELS

RETAINING DYKES AND RESERVOIRS

PERMEABLE DYKES

DIVERSIONS

BED SCARIFICATION

SUB-SURFACE/SUBTERRANEAN DYKES

PERFORATED DYKES

WELL

QANATS (SUBTERRANEAN GALLERIES)

OPEN INFILTRATION WELLS

DEEP WELLS AND MINI-PROBES

PROBES

DOLINES, COLLAPSES, etc.

ASR/ASTR

FILTRATION

FILTRATION BANKS IN RIVERBEDS (RBF)

INTER-DUNE FILTRATION

SUBTERRANEAN IRRIGATION

RAIN

UNPRODUCTIVE RAINWATER CAPTURE

SDUS

ACCIDENTAL CONDUCTION AND SEWERAGE

RECHARGE

SUSTAINABLE URBAN DRAINAGE SYSTEMS
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Table 1 a) y b). Summary and MAR schemes inventory grouped by
typologies (modified from Gale, 2005). The table has been divided to

the adapted format.
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Study to determine “MAR zones” in Spain and attribution of the
most ideal devices

A GIS study has been undertaken to determine most appropriate
areas in Spain for the application of managed aquifer recharge
techniques, which have been designated “MAR zones”, with potential
fluvial and waste water treatment plants origins.

The process has been repetitive, testing different algebraic map
options on reductive maps with up to 83 layers and GIS coverage.
Permeable outcrop layers, lithology, aquifers, water level, fluvial
riverbeds, purifying plants, data collection stations with superfluous
measurements, inclines, altitude, distance to the coast, etc. must all
be taken into consideration. The main R&D component is based on
studying the deductive sequence leading to similar results in existing
inventories. The “MAR zones” in Spain have been defined after
several trials. Their grouping by hydrographic basins appears in Table
2.

. . MAR “zones |1 basin| % MAR | %
ID | Major Basin areas within 2 .
basin (km?) areas (km©)|zones/Basin |total
1 |NORTH 1952.98 53780.90 3.63 2.92
2 |DUERO 21565.45 78955.69 27.31 32.26
3 |TAGUS 10186.19 55814.90 18.25 15.24
4 | GUADIANA 5183.57 60125.19 8.62 7.75
5 |GUADALQUIVIR|4878.02 63298.10 7.71 7.3
6 |SOUTH 1457.55 18408.22 7.92 2.18
7 |SEGURA 2282.97 18833.04 12.12 3.41
8 |JUCAR 7891.79 42682.26 18.49 11.8
9 |EBRO 8686.32 85936.39 10.11 12.99
10| PYRENEES 1746 16555.28 10.55 2.61
11| BALEARIC 1023.07 5038.33 20.31 1.53
TOTAL 66853.9 499428.31 |13.39 100

Table 2. Results relating to “MAR zones” by hydrographic major
basins or demarcations. Columns: Basin surface and the MAR zone
contained in it and the percentage represented with respect to each
basin and the MAR total area.

Approximately 16% (67,000km?) of the Spanish peninsular and
Balearic Islands territory is suitable for recharge management. The
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most ideal basins are Duero and Balearics and the least ideal are
those in the north and the Guadalquivir.

To facilitate identification of the MAR zones, 11 chloropeth maps by
hydrographic basins have been created. An example of the results for
the most ideal basin is shown in figure 1. The entire cartography is
available at www.dina-mar.es.

Figures 1 a) to c). Location map of the MAR sites and, as an example,
distribution of “MAR zones” for the Spanish Duero basin.

Search criteria to associate devices with each “MAR zone”

With the physical elements well defined and knowing the
specifications of the 23 inventoried AR devices, a grades/weights
system has been designed and automated in such a way that each
device receives a weight according to its suitability and is adjusted to
the physical characteristics and the other indicators with GIS support.

The main association criteria considered, supported in layers and
thematic coverage, are based on a grades/weights system.

The grades established are the distribution of permeabilities,
lithologies, nitrate contaminations, irrigable areas and irrigation origin,
proximity to forests, purifying plants (with their treatment types), dams
(with their associated capacities), wetlands, rivers (with their average
associated flows), to the coast and major aqueducts; incline, height,
flood risk, water level, water quality, meteorological stations with


http://www.dina-mar.es/
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surplus hydraulics and mainly urban areas. The weights range
between zero (inadequate) and three (very favorable).

Creating a relational structure between physical factors and indicators
with GIS support and MAR devices, an association matrix that
supplies the Hidrogeoportal DINA-MAR (table 3) has been designed
and automated. The result is a large scale cartography ranking the
most to the least recommended devices (figure 2).

Potential for the MAR technique in Spain

Based on the premise defended by DINA-MAR that the future on the
matter of water depends on the capacity to store it, a calculation has
been made of the storage potential in currently unsaturated Spanish
aquifers against the storage capacity of dams.

Based on the storage in dams in Spain in January 2005, which
reached 53198 hm?® and the definition of the MAR zones, a
calculation has been made with GIS support based on the water level
depth, aquifer permeability and storage coefficients. The result is that
Spanish subsoil (excluding the Canary Islands) has a storage
capacity of approximately 2, 0 hm®*km? in the MAR zones. In other
words, the stored volume in the dams could be stored in aquifers in a
260%, safeguarding quality with full viability, also enabling surface
occupation of the land.
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Table 3. Aspect of the table that relates physical factors and
indicators (based on GIS support) with the different MAR devices.
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Figures 2 a) & b). Provisional cartography with attribution of the most
ideal MAR devices for each “MAR zone” and "Hidrogeoportal"
screenshot.
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This system has enabled some highly ideal MAR zones to be
identified. For example, the Bajo Guadalhorce aquifer (Malaga),
considering water coming from the river and a wastewater treatment
plant, up to 11 MAR devices could be concentrated in this area (figure

Sn

i, S %

S |
A

T B il
" £ 4 ¥
C e 4

E o o L
_ "IJ1-IN FILTHE M POREES
2N F. CHAMRELS
:

04 IkF. FIELDS

EGEMD: I I
Y Ry
 OTPERW. DD B 8
CEETESEATEEVE I L ]
10nERGROUKD Uns
1SR WELS T
15 BOREK CLES Y
T 10-ARR

S ASTR
SLAMTE BN -
Flizary

Figure 3. Example for the Down Guadalhorce aquifer (Malaga, Spain).
Proposal for the location of MAR devices, obtained with the
grades/weights system designhated “DINA-MAR-Hidrogeoportal”.

Environmental aspects
Methodology to determine environmental flows in intake basins

The intake flows from fluvial basins and purifying plants must take
environmental flows into consideration, even though a large amount
of the water derived from artificial recharge (hereinafter, AR) forms
part of the environmental flow, as it is retained in space and time. A
methodology has been designed based on the climatic, seasonal,
spatial and subsoil considerations in each basin. The main aspects to
be considered in each individual study are:
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- The river section use must be classified, as well as deciding what
classifications are to be considered as priorities.

- The level of detail of the study must be precisely defined in addition
to the main species in the different types of riverbeds.

- It must be decided whether specific sections or basins as a whole
are to be evaluated.

- In all the areas to be evaluated, it is necessary to know all the water
extraction concessions from the riverbeds, dams, and mini-centers.

- Flows must be determined jointly, and in addition to the criteria
mentioned, geomorphologic, riparian, water quality, wild fauna of the
fluvial and/or littoral ecosystem (if applicable), quantity and quality of
subterranean waters, landscape values, public use, and other
Objectives must be considered.

Environmental planning

A methodology has been adopted in environmental planning based
on six groups of basic environmental criteria in order to question the
application of MAR techniques: Sources of contamination, risks,
conditioning factors, demand, trends and advantages. With these,
PER type environmental indicators have been created (Friends &
Raport, 1979), also applying a system of grades/weights. These
criteria have been designed as followed:

- Contamination sources: Specific established uses cause specific
contamination risks, taking the dispersion method (diffuse is the most
difficult to control but the often the most serious in its immediate
effects) and its origin into account: Each one implies the existence of
risks to the quality of the water to be recharged. Nitrates, other
synthesis chemicals or solids washed up require different treatments
before using input from an agro-farming, industrial or natural run-off
origin for recharging. Urban, rural, farming, industrial and suspended
solids contamination has been differentiated.

- Risks: The localization of specific risk terrain that may endanger the
viability of recharging or the requirement for this action. The
interception of flows (aquifers and run-offs), accidental spills; the
presence of biological endemisms, saline or marine intrusions and the
effects on health are proposed.
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- Conditioning factors: There are characteristics inherent to the use or
to association that require one or another types of MAR devices or
that simply determine that the recharge does not surpass certain
limitations, such as high inclines, high run-off, high elevation, free
disperse run-off of continuous or temporary water, high phreatic table
and the existence of dry periods.

- Requirements: The requirements vary not only in terms of the quality
required but also in spatial and seasonal distribution. Potential use
categories include drinking supply, recreational (swimming),
ecological, refrigeration, irrigation water and hydroelectric energy.

- Trends: With the aim of viability and profitability of the devices, it is
essential to evaluate both current uses and anticipated trends in these
uses. Intensification, sensitivity to climate change, potential irrigation
demand and preferential restoration areas are proposed.

- Advantages. Generation of returns, green filter, location of recharge
zones, slow discharge and the source of desalination and purifying
plants are proposed.

The crossover of environmental planning and the MAR zones and
their use of actual land (CORINE) have enabled a matrix to be
defined (table 4) which enables the capacity and conditionality of each
type of use/coverage to be evaluated with respect to possible MAR
activity and the evaluation of risks. The relation between rows and
columns for each descriptor has been marked with an X in this table.
The number of crosses has been counted for each group of
environmental considerations, generating an indicator, whose
evolution in time enables the environmental potential to be
characterized for each MAR zone and each new action.

The purpose of this is to obtain “uses capacity maps” for the different
factors that determine the media where a new MAR device can be
implemented.
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POLLUTION
Source

HAZARDS [CONDITIONING FACTORSERIZNI=Es VPN [pY TRENDS ADVANTAGES

generation
desalination

storation spots

use for irrigation

Permanent free water surface
Seasonal free water surface
High water table

Agriculture pollution
Drought occurrence

Diffuse source
Point source
Urban pollution
Intensification

CODE_00_5 DESCRIPTION
12110 Industrial Areas
13100 Mining Areas

13200 Rubble landfills & waste dumps

ta8N suspended Solids Pollution

Table 4. Example of the cross matrix with three classes of soil use
and the environmental conditioning factors for each MAR activity. The
total of the crosses is an indicator of environmental potential. The
original table considered 85 possibilities.

Finally, an economic study has been developed based on the
investment ratio or the cost of the device in relation to the water it will
enable to be managed. The ratios for superficial MAR devices are
about 1/5 of the ratio of the dams, while the ratio for depth
probes/ASR is similar.

Soil and Aquifer Treatment techniques (SATs) and improved
designs applied to agro-hydrology

From the description and analysis of the different negative impacts
and problems encountered in the MAR devices, problem/solution
binomials of an applied nature and based on SATs are proposed.
These are the results of Santiuste Basin field studies:

- It is essential to minimize the decreasing trend of the infiltration
rate by regulating flow and reducing the fines and the air in the AR
water. To achieve this requires not agitating the water and to
recharge slowly.

- The furrows on the bases of the ponds and channels increase
infiltration by up to 25%.

- The communicating reservoir systems in channels and the valves
on the well equipment reduce the dissolution of air in the water by
around 2 ppm.

- According to Bouwer, 2002, the most effective SAT measure is
recharged water pre-treatment, accompanied by good
maintenance, which minimizes sedimentation.
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- Given the high complexity of these operations, it is essential to trial
new technologies, devices, etc. in other pilot plants.

The application of the most recommended activities usually entails
interaction of environmental impacts with a negative sign. Therefore,
the most recommended alternative is the creation of an integrated
system in which the balance is a positive sign, has an integral nature
and high resilience.

The study areas are also the object of research into design and
establishing control and maintenance parameters, which facilitate
their operation and raise their effectiveness. The prototypes proposed
at DINA-MAR include engineering developments to achieve minimal
losses (evaporation, leaks, etc.), facilitate de-sedimentation, reduce
transport, storage and pumping costs, enable operation at the optimal
recharge point (including in situations where there is frozen or flooded
soil) and to have a sufficiently high useful life to be profitable.
Construction and maintenance costs must also be low.

Forestry engineering and palliative water management
techniques

The hydraulic management “palliative” and best practise techniques
based on recharging forestry and basin headwater areas studied to
date, are providing very good results in terms of making available a
significant volume of subterranean waters in the “headwaters” of the
aquifers. At the same time as helping to reduce the devastating effect
of floods, etc.

The most suitable devices are dykes, which considerably increase the
reserves in aquifers, as has been stated in studies and real data
developed on the eastern part of Spain, where, from studies with
climatic data and five years of infiltration data in two specific areas,
the forests have enabled the infiltration of a volume of water greater
than the 20% on the subsoils of the de-forested areas (Copano et al,
2010).

The creation of serialised infrastructures on the headwater basins and
along the riverbeds, as well as re-forestation in recharge areas and
appropriate management, involve an increase in the recharge of the
aquifers and in their hydraulic availability. Equally, this forestry
management favours higher quality waters and the management or
appearance of ecosystems with a higher environmental quality.
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Urban hydrogeology

As for re-utilization (strict sense), MAR facilities are being
incorporated into urban areas within the framework of complete
management of water in building work, especially by means of
Sustainable Urban Drainage Systems (SUDS) and Integrated Urban
Water Management (IUWM).

The introduction of buildings and urban development generally has
negative effects on the territory. The progressive impermeabilization
of the terrain causes great hydrological changes and requires large
investment in infrastructures to channel and treat the water. It's
absolutely necessary to redesign drainage channels in urban centers
in order to adequately manage the increased stormwater generated.

The proposal is a new approach to the rainwater management,
including:

1 REGULATIONS Existing regulation analysis, deficiency
and improvement.

2 STATISTICS Data compilation, analysis and
conclusions.

3 TREATMENT Existing systems, variant and
improvement.

4 COLLECTED WATER  Existing systems, variant and
improvement.

5 ENERGY Energy inclusion in urban water cycle.
6 UPDATE New systems.
7 INFORMATION Awareness / conscience increasing.

Aimed at achieving good practices in cities:

- Minimizing surface runoff in cities.

- Draining towards green areas instead of diverting the water to
the sewers.

- Collecting rainwater for later use: toilets, home irrigation,
cisterns, washing machines, etc.

- Keeping the city clean regularly.

- Creating awareness about sources of pollution: workshops,
hospitals, etc.

- Minimizing the use of herbicides and fungicides in gardens
and parks.

- Education about the agents involved in designing and
maintaining Cities.
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The final objectives are:
- Rainwater runoff fracture (interrupt runoff in the city).
- Recovering the original infiltration capacity and,
- Breaking the “Heat Island” effect in cities.

Figure 4. An example for Sustainable Drainage Urban System for a
drinking public fountain spilling the effluents for a buried SDUS
system so as to recharge the aquifer. Madrid.

CONCLUSIONS

- The future of special techniqgues must be based on improving “MAR
zones” maps and environmental potential, with greater consideration
for deep artificial recharge in multi-layer aquifers.

- It is essential to deepen the economic aspects of the MAR technique
as well as to make a contingent evaluation on environmental and
social aspects (to value intangible aspects), taking the opportunity
costs of the resource into consideration.

- The new designs must encompass low cost devices.
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- IUWM opens an appropriate research line in the urban
hydrogeology. Even though the SDUS concept is limited in some
aspects, it must be encompassed in projects for greater management
of water in building construction, and is integral the management of
urban water.

- On the whole, in all the lines of action and the disciplines taken on, it
has been seen that the advantages of the MAR technique outweigh
the inconveniences. The innovation side must receive more emphasis
because there are still many knowledge gaps, especially in those
specialties apart from hydrogeology.

- The need to prolong these types of research projects must be
highlighted in order to respond to the new challenges of the 21st
century, such as water contamination with emerging substances,
climate change, land use changes, etc. Such high complexity requires
multi-disciplinary teams.

- It is only to be expected that many of the technological
breakthroughs in the future will make an effective contribution to water
management, not only for surface water but also for groundwater.
Therefore, it is necessary to have access to the information and to
improve hydrological information for the users, thereby making it
easier for them to take part.
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Figure 4. Current MAR facilities located in Spain (either operative or

experimental).
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SUMMARY OF TECHNICAL SESSION OF DINA-MAR R&D.
PROJECT FOR THE STUDY OF MANAGED AQUIFER
RECHARGE IN THE FRAMEWORK OF THE SUSTAINABLE
DEVELOPMENT

The session was held on June 30th 2008, with de aim of presenting
the provisional results of the project of R&D+i within the stage of
technology transfer. There were eight speakers from Tragsa for a
total of ten presentations, finishing with a highly successful open
debate.

Points to be highlighted:

- Managed Aquifer Recharge (MAR) is increasing its popularity at the
international level. It has acquired a strong innovation component
over the last few years, which is to a great extent owing to the
introduction of new technologies and Best Available Techniques.

- In Spain both the legal and the technical frameworks are perfectly
suitable for the integration of more MAR devices within the integral
hydrologic management schemes. Waters of fluvial origin,
approximately 15 % of the peninsular Spain and the Balearic islands,
is suitable for MAR, even after considering the existing environmental
conditions and impacts. In order to evaluate the environmental
impact, six groups of basic environmental criteria have been
establishment, namely: Sources of contamination, risks, conditioners,
demands, tendencies and advantages.

- A suitable management of the new devices must go together with by
the application of Soil and Aquifer Treatment (SAT) Technigues in
order to improve the effectiveness of the process as well as of the
already operating devices.

- In the forest scope, according to a number of projects developed in
the Valencian community (east coast of Spain), it must be
emphasized that the infiltration in the head of the river basins is
enhanced in zones with some vegetation rather than in barren zones,
despite the biomass water consumption: “Water calls water" even in
the aquifers below forests.

- The safeguard of the environmental flow rates in rivers where MAR
water is sourced requires local studies, since standardizing would be
too risky.
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- MAR schemes are suitable in the urban areas by means of applying
Sustainable Drainage Urban Systems (SDUS). However, this does
not always suffice. Further efforts are needed for the whole water
management in the built environment, so, for instance, as to increase
artificial recharge under extended asphalted surfaces.

The debate took longer than expected (by more than 1 hour) and
highly important subjects emerged:

- The importance of multidisciplinary research teams in MAR R&D
projects was mentioned and remarked.

- The necessity for further research concerning the methodologies for
the determination of ecological flow rates was also mentioned with
the aim being to design a tested and reliable product appropriate for
commercialization.

-There was a certain degree of agreement about the fact that it is not
possible to control extreme climatic conditions, such as “cold drop” by
means of MAR schemes. An alternative was proposed, based on the
fact that the management of this type of phenomena must apply to
the entire river watersheds, from the head to the sea. The very
peculiar climatic conditions of Spain need schemes ad hoc, since
there are very few analogous types of scenery in the world.

- As far as agrarian aspect, some participants pointed at the necessity
of schemes of water management to be better distributed according
to their use. Opportunity costs were specifically mentioned, as well as
the necessity to involve the Communities of Irrigators in MAR
technique and its implantation, especially those who employ
underground waters to irrigate their crops, since their control is lower
than the one of those using surface waters.

- The importance of improving not only the hydrogeological indicators
but also the socioeconomic and the geopolitical ones in order to
implant MAR structures was also highlighted.

- The paradox was pointed out that MAR activities in Spain require a
spill authorization despite the fact that most activities result in an
improvement of groundwater quality.
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- The importance was stressed of a complete water management,
applying to each particular area the most appropriate technique,
either traditional or special.

- The fact was mentioned that while within some circles, MAR
technique is considered "structural" or "more elegant” than dams, it
also does require some concrete material. Some participants argued
that if it were a more expensive technique or if it required a greater
amount of concrete, there would be more MAR devices implanted,
since constructors would be more willing to build this type of facilities.

-The importance was emphasized of the spreading this technique in
all fronts, especially where it is less known, so that society is better
aware of the advantages and drawbacks of MAR, which is still fairly
unknown in Spain. The audience agreed that this task is far from
being easy.

In conclusion, it was a highly instructive and pleasant session. The
great interest and good will of all participants made it possible to
exchange ideas and opinions within a nice atmosphere.

The program of the session is available at http://www.dina-mar.es/

Figure 6. Santiuste Basin MAR device, Segovia, Spain, main pilot site
of DINA-MAR Project.
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SUMMARY OF THE FINAL TECHNICAL SESSION OF DINA-MAR
R&D. PROJECT AND CONCLUSIONS FROM COORDINATION
MEETINGS AND EXTERNAL OPEN DEBATES.

The closing ceremony was held on May 25, 2011 at the Faculty of
Geological Sciences of the Complutense University of Madrid, to
present the main conclusions of the project and a “multiauthor” book
reflecting the contributions of the research team.

4 LA GESTION DE LA RECARGA ARTFICIAL

DE ACUIFERQS EN EL MARCO
DEL DESARROLLO SOSTEMIBLE
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Fifteen papers were presented, including the introduction and final
film (DINA-MAR movie), two invited speakers, Mr José Antonio de la
Orden (IGME) and Ms Catherine Sesmero (CLC), and eleven
speakers from Tragsa Group.

The presentations are grouped in blocks according to the program:
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TECHNICAL OVERVIEW OF THE MAR TECHNIQUE

- MAR, despite becoming increasingly popular nationwide, has still a
degree of presence in Spain less than most developed countries, and
even some emerging countries, such as the Union of India, where the
technique is often applied by mean of "low cost" devices.

- Although the studies on AR, or better, MAR, are usually approached
from a hydrogeological perspective, they have plenty of room in many
other disciplines, where there are major knowledge gap.

- Deficiencies have been identified in the updated DINA-MAR
inventory of proposed devices, with new inputs related to mining
(such as "Well point"), ancient techniques (bofedales, etc.). This
broad range serves as an aid to decision making on the selection of
the recommended options. It even offers alternatives for moderate
budgets whatever the context. For example we have received pieces
of news related to devices apart from those inventoried like "careos"
or "Amunas" found in the hydrogeological state of the art. It should be
noted further examples of antiquity in Europe, Asia and South
America, such as the presence of poorly known careos in the eastern
Sierra Nevada Alpujarra, Almeria, Spain, boqueras in the
Mediterranean Bow and Amunas in Chile, Bolivia and Colombia, in
addition to those well known in Peru.

- This study demonstrated the importance of multidisciplinary teams
to address advanced integrated water management projects,
especially those with onset of recharge topological nodes on water
management schemes. Most of the speakers provided examples of
how the perspective of the technique changes if experts see it from
different disciplines.

- It is absolutely necessary to be aware of the use of new materials,
new technologies and the application of Best Available Techniques
(BAT) as soon as they arise.
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Figure 8. Most of the MAR volume stored in Spain (estimated about
380 hm?® per year) is “accidental” by means of dikes and little dams
upstream basin areas.

MAR TECHNIQUE IN SPAIN

Legality

- In Spain the legal and technical framework is suitable to integrate
more MAR devices on water management schemes, although there
are some implementation issues: Currently, the legal regulation
considers MAR as a spill, which is an obstacle to the development of
the technique and the implementation of experiences. Royal Decree
1620/2007 is too restrictive in terms of water quality while other
countries’ laws are rather more permissive in general, because of
their special consideration on sanitation aspects and a scarce
attention to some effects such as the sodium concentration changes
in deep injection. It would be desirable to promote mechanisms for
reviewing the legislation, despite the high difficulty of this goal, as
sometimes it "falls behind" with respect to technological advances. It
is also remarkable the new charges and expenses caused by the
economic crisis, some of which may take the form of higher taxes in
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some communities, reducing the interest of private investors, to
undertake works on implantation MAR devices.

Science and technology

- IGME's experience in Managed Aquifer Recharge is crucial in
Spain, as an institution that has accumulated a great experience, but
generally small to medium sized devices and most of the facilities had
a little temporal continuity. This raises the question of whether or not
the institutional support to develop projects and experiences on MAR
is the best or it is also necessary to count on private investment.

- Several examples were shown on field experiences with no
continuity and works in a state of high deterioration and
abandonment, with the presence of several types of clogging
processes. There were also references to acts of vandalism and
thefts at several facilities. Aware of the difficulty of solving such
problems, it is considered necessary to enable mechanisms to
prolong the positive pilot experiences, implement anti-vandal
materials and especially to work on public awareness.

- Experience CLC, given its technical complexity, set this system as
one of the most complex and remarkable of Spain, due to the vast
sum of present problems: quantitative, qualitative, socio-economic,
ecological and even political. This project can be considered a
reference for the application of new methodologies and a good
"demonstration site" for testing new techniques, materials and
designs.

MAR AND GEOGRAPHIC INFORMATION SYSTEMS (GIS)

- The deductive process supported by algebra maps and analysis in
GIS has had two major drawbacks for information processing:
different projection systems and an incorrect coincidence of the
boundaries of the layers and thematic coverages used. The unifying
effort has been especially relevant. This procedure would be
appropriate to generalize counting even on some figure of policy
support, so as to save the great effort in adapting layers limits of
different origins in a GIS in the future. This is a common problem with
other techniques that require strong support GIS mapping and
treatment, such as remote sensing, environmental impact studies,
land management, forest management, etc.).

- Numerical results were presented from the project, which include,
among others, the great suitability of applying MAR technique in
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Spain, where the extent of the "MAR areas" or areas where it would
be appropriate to apply this technique potentially is about 67,000
km2, with a potential storage capacity in aquifers more than twice the
storage capacity of dams and reservoirs (taking into account that
Spain is now among the five countries with the largest ratio of
damming storage). Despite the possible margin of error inherent in
the calculations, these figures are indicative of high technical
suitability of MAR activities in Spain and thought-provoking on new
integrated water management schemes.

- One aspect to consider especially in detailed calculations of the
"MAR zones" in other countries should be the terrain conditions so it
is determinative of surface runoff (plains, plateaus, moors) and the
depth flow. It is also desirable to clarify application of MAR techniques
in areas heavily deforested, often without moderation (as it happens
in Amazonia).

- The detailed calculations with full scientific rigor justification are
necessary to support the results and justify certain actions.

TECHNIQUES OF SOIL AND AQUIFER TREATMENT (SATS)

- Devices under design must incorporate in their management
schemes Techniques of Soil and Aquifer Treatment or SATs from the
beginning. This addition should be more understood in the original
sense of the term as a list of alternative actions to influence the
infiltration rate by mean of actions on the recharge water, soil, aquifer
or in combination, in order to improve the managed aquifer recharge
in all of its aspects. Consulting previous literature, it appears that the
term SATs has diverted in recent years towards MAR with water from
sewage, losing its original amplitude.

- The SATs should be incorporated in the projects for the construction
of new devices and also in those already operative, to improve their
effectiveness, given the large amplitude of this kind of techniques.
The most appropriate SAT selection must be adopted by a specialist
or by multidisciplinary teams.

- Selected SAT techniques should be particularly applicable for the
"pretreatment” of water to be recharged (as mentioned Bouwer as the
"gold rule" for artificial recharge in 2002). Different phases of the
water cycle must be considered when selecting appropriate SAT
techniques.
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AGROHYDROLOGY

- The rise of groundwater levels as a result of managed aquifer
recharge actions could overpressure the irrigation nets, reducing their
efficiency, causing leakage and generating negative impacts, due to
differences with the conditions for water supply systems and
distribution when they were designed.

- The cleaning and maintenance is essential. These should be
incorporated into economic studies, as well as the pretreatment and
treatment of water recharge costs.

ENVIRONMENT

- While it is clear that the ecological flow of the river is the one that
least modified the natural hydrologic cycle, we should expand the
research for environmental flows consistent with the normal
functioning of each ecosystem.

- A gap has been detected in the state of knowledge scarcely studied
by DINA-MAR team: "MAR and biodiversity", to be addressed in
future studies.

- Environmental Impact Studies and Assessment can detect a wide
range of impacts of varying amplitude and intensity over time. Such a
variety requires complex planning of building works and water
management.

- The high diversity of the prior operational environment versus the
vast sum of technical and management options to be implemented
endorse MAR technique as a current, real and viable option, as long
as the implementation is correct.

-Demonstration sites as it is the case of the hydrogeological routes
“Caminitos de Agua” (little paths of water), implemented during the
development of the project, represent an important line of action in
terms of dissemination and environmental education. This example,
pioneer in Spain, should be applied in other places of interest.
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REMOTE SENSING

- The application of remote sensing for MAR studies has not been
decisive or crucial, providing similar information to agricultural
statistics. The importance of the infrared band to the interpretation of
the natural condition of the agricultural vegetation should be noted. In
future land use studies the time series evolution of vegetation is
important. Also, the idea of applying fractals to MAR studies has been
considered.

Figures 10 a) y b). Situation after implementation of a Carracillo
infiltration pond, ortoimage SIG-PAC and lkonos fusion in infrared
false color (1m), 2010.
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ARCHITECTURE AND SUSTAINABLE DRAINAGE URBAN
SYSTEMS (SDUS)

- The design of SDUS must have detailed calculations and take into
account issues such as what type of green roofs retain better the
waterproofing treatment and how to influence the energy efficiency of
buildings. Again the lack of a technical guide limits the establishment
of SDUS, even in the legislation.

Figure 11. Another example for Sustainable Drainage Urban System
(SDUS) for a parking lot avoiding runoff and facilitating infiltration to
the aquifer. Hallstatt, Austria. Photo Ignacio Prieto.

OTHER TECHNOLOGIES AND LINES OF ACTION

- Thermography studies are providing interesting expectations. It is a
tool that needs to be improved in terms of its technical application to
MAR having completed the DINA-MAR project.

- The presence of emerging pollutants related to managed recharge
with treated water make this an issue of great significance due to the
appearance of synergistic reactions and new compounds with very
long fractionation coefficients, plus the presence of Persistent
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Organic Pollutants (POPs) such as drugs, fertilizers or chemicals. It
seems important to continue using the self-purification capacity of the
aquifer allowing for sufficient periods of residence time before directly
applying MAR techniques.

- A line of further action considered important is the possibility of
clogging and finding some utility in these processes (use of organic
matter, etc.). This course of action would decrease the intensity scale
of the highest impact that affects MAR devices: clogging.

- Conventional economic studies should be based on the spirit of the
Water Framework Directive and the “full recovery cost” principle.
Considering the intended uses of water, a binomial of action arises: in
one hand who can apply this principle (golf courses, mines according
to the supply and demand principle), in the other who is not financially
sufficient. In any case the "externalization of costs" seems to be
convenient. One way of financing experiences of the second type
would be to include the "opportunity cost" and "environmental costs"
in their economic planning.

- Economic analysis should also consider the new costs and taxes
that result from the economic crisis, and how savings will offset the
cost from the implementation of new materials and the Best Available
Techniques (BAT). Also new taxes and penalties are expected
related to water consumption in water planning.

- As for studies of ecological flows, the high variability of factors in
economic studies encourages detailed studies.

- It is interesting to note the importance of improving economic and
geopolitical indicators prior to the implementation of new MAR
devices, apart from those of hydrogeological character.
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Figures 12. Comparison between normal and thermographic aspects,
in order to allocate clogging processes.

In short, both meetings have had a distinguished attendance, with
technicians from different backgrounds and extensive experience.
Although there has been a relaxed atmosphere, the importance of the
issue has not been adversely impacted. These elements, coupled
with good constructive spirit, have facilitated the valuable scope of
conclusions.

The information on the conference can be extended at
http://www.dina-mar.es where the papers are available.
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FINAL CONCLUSIONS OF THE PROJECT
MAR AS A TECHNIQUE: DEFINITION AND GOAL

The Managed Aquifer Recharge (MAR), also known as artificial
recharge (AR), is formed by a group of techniques that combine
groundwater and surface water resources to become a truly
sustainable development tool with the main goal of water
management.

The first point worth mentioning is there is a great worldwide
reception to these activities and techniques. The fact that only 2.5 %
of all the freshwater on Earth is available for potable use—most of it
is frozen in the polar icecaps—moves one to think over the contingent
and tangible value of water resources. The conclusion is clear: it is
invaluable and priceless.

Within this context, the MAR technique increases the availability of
groundwater resources (not only in space (volume) but also in time
(recharge cycle)) and improves its sustainability and quality. Among
their main uses, the most common are the consumptive (agriculture
and cattle), followed by urban and industrial supply, environmental,
energy, mining, recreation, among others uses.

After dealing with the different types of devices dedicated to recharge
management and then the different ways they interact with the
environment, it is time to call attention on both the advantages and
handicaps they present.

CAUSES, USES AND EFFECTS

The main reasons to broadly apply the MAR techniques are to obtain
and increase the potable water supply and water for other purposes
including irrigation, environmental support, and aquifer replenishment.
Within this second group, two kinds of needs must be distinguished;
the ones focused on agriculture and the ones focused on aesthetic
and recreational activities such as golf courses, football pitches,
parks, gardens, etc. These last activities can also meet their water
requirements with reclaimed water or in some cases desalination
plant surpluses.

The advantages discussed above are strengthened by more “classic”
improvements. For instance, a decrease in water storage above
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ground should lead to a decline in evaporation losses, the use of
aquifer as a regulation dam and distribution network from the
recharge area/s to the discharge area/s or the Water Framework
Directive objectives fulfilment and other legal and moral imperatives
as the UN Millennium Development Goals. Other pluses must also be
considered as they are low cost compared to other water
management devices and therefore they broaden the assortment of
technical and budgetary possibilities.

IMPLEMENTATION

It is important to mention that, during the development of this project,
24 types of devices have been characterized, described, and
categorized in a new classification system. Such high diversity shows
a broad range of application for almost every possible alternative.

The main bodies involved will be the Public Administration or private
promoters in charge of water management and the final users or
receivers.

This class of activities can have a preventive purpose for the future
(high quality water storage for its further use, even by future
generations), compensatory (solution for already detected negative
impacts) or palliative (minimizing the consequences of, for instance,
either floods or water quality reduction that need a natural and cheap
treatment method).

Environmental applications of MAR Techniques

The water recharge management, if correctly executed, has a positive
effect on the environment. One of the first accomplishments after
performing this cluster of actions is the recovery or even the rise of
the water table and consequently, the increase in the storage that
offsets aquifer depletions when excessive exploitation has lasted for
years. All this is a consequence of the groundwater “invisible task”
and the branch of science dedicated to it, hydrogeology, in the
support of some ecosystems (for instance, caves, wetlands, prairies,
and marshes) not only because of the amount of resource supply, but
also by the availability change in the yearly cycle (in the shape of
ground humidity, spring discharges, groundwater storage, salt
intrusion control, etc.).

Another accomplishable aim is the improvement on water quality, by
means of the filtering capability of the ground itself. It is true that the
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concentration of pollutants decreases in the aquifer, which can also
be achieved just by raising the groundwater resources.

This type of techniques shows the opportunity to achieve wetland
restoration too. This is very significant as it triggers a rise in number
and the protection of the flora and fauna species in this kind of
ecosystems, at the same time that it favours the beauty and
landscape perception of the zone. The monitored examples show
remarkable results.

Figures 13 a) & b). Restoration of the “La Iglesia” lagoon (Segovia,
Spain), a) February 2006; b) May 2006.

It should be noted that the project has not gone into any depth into
the analysis of the methodologies used to calculate the ecological
flows of donor rivers, as a more particular detailed study, case-by-
case, is considered necessary. Nevertheless, in order to achieve this
goal in the future, the creation of either a methodology or of some
commercial product based on sound results is suggested.

Among these environmental applications, one of the main concerns
on our coasts is saltwater intrusion into over exploited coastal
aquifers. In order to mitigate this situation, artificial recharge has been
applied in many locations all over the world. An example in Spain is
the hydraulic barrier formed by the injection (recharge) wells that
have been established in the Llobregat River Delta, in Barcelona,
whose successful results are supported by long-term simulations.

This sort of techniques and the resultant increase of the infiltration
rate can moderate the desertification effects and soil erosion that so
often are produced by the groundwater exploitation, independently
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from the climate effect. A very obvious case can be found in Southern
and Eastern Iberian Peninsula.

In order to avoid these fatal consequences, the MAR technique offers
methods and tools that regulate run-off and decrease erosion while
increasing the total volume of infiltrated water into the aquifer. For all
these reasons, a door is open to go deeper into the suitability of MAR
as a possible future corrective measure against Climate Change.
Lately, there has been a new promising development of engineering
applications, such as infiltration damns in forests, SDUS, soil
conservation structures, etc.

Energy use of MAR

Regarding the energy requirements of MAR applications, the case of
an innovative pilot project carried out in Totana, Murcia, Spain must
be noted. It consists of water extraction from a test drilling which uses
the well's latent heat. This experience definitively links this technique
with the uprising global energy problem after the oil crisis. Related to
this field, there are many other different cases around the world.

Geotechnical stability and urban uses of MAR technique

As far as the prevention and correction of any relevant geotechnical
problem, such as the geotechnical stability, is concerned, one of the
best examples worth mentioning is located in Mexico City, where a
pilot plant has been set up to treat water and then inject it in the
ground for aquifer recharge purposes. That way, they try to
counteract the subsidence and collapses that the city has been
suffering for decades. This technique could be applied in comparable
scenarios with similar problems, such as Bangkok (Thailand) and, at
other scale, the city of Murcia (Spain) to mention some examples.
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Figures 14 a) and b). The Angel of Independence (Mexico DF).
Before this monument was erected a solid foundation was laid, but
the surrounding terrain suffered settling over time and consequently it
was necessary to build a staircase to it (See photo on the right).
Extracted from:
http://www.exploramex.com/epocalndep/Terrem1985.htm.

aE

One of the latest urban applications is the improvement of the city
planning, where rainwater is wasted and spoiled. Recharge of this
water can degrade the underlying aquifers. Sustainable Urban
Drainage Systems (SUDS) aims to return city water back into the
water cycle (after treatment when available), support aquifer
recharge, decrease “grey” prevalence, endorse a higher landscape
perception to the cities, mitigate flood risk and reduce Heat Island
effect. In short, they increase the water resource availability, raising
its quality and restoring aquifers under urban areas to their original
state.

In conclusion, the Environmental application of MAR technique can
be considered a sustainable tool. Therefore, it can be submitted for
evaluation, with the consequent identification of positive and negative
impacts. All this implies the automatic application of corrective
measures applications that consequently get globally incorporated to
the water planning sphere. That way, MAR technique gets endorsed
as a real water management strategy and no longer being a simple
option to take into account or just a poorly checked and unknown
alternative. Nowadays, it has become a_ real and feasible
alternative.
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Technology Diffusion of MAR

Unfortunately, this vision has not been rooted in Spain yet. This might
be due to tradition or due to the fact that more expensive concrete-
based works get better and broader publicity. Consequently, these
techniques remain unknown to most of the citizens.

One of the last advances of DINA-MAR Project has been the GIS
application to assemble a Web visor that analyzes the most suitable
Spanish zones for the setting up of recharge management devices.

We must insist on the relevance of Technology Diffusion and Public
Transference Programmes. The approximation of these techniques to
the society is essential. Moreover, it also boosts the chances of new
projects and field experiences that will increase the level of
knowledge in general. A well focused popularization of this sort of
project is very important and must be carried out for the achievement
of this goal covering different fronts and aimed to different target-
people, with strategies and materials adapted to each one.

Multi-skilled teams are crucial so as to achieve all these goals. Within
the DINA-MAR project framework an assorted array of professionals
from different academic qualifications have worked together and it
has been observed that, an even wider variety of them could fit in too.
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Figure 15. Dissemination and Technology Transfer (DyTT) strategy
designed during the Project’s implementation.
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Figure 16. D&TT strategy. An example of implementation (technical
visit).



N dm
e key is the storage

tina-mAR

Future Goals

On a basis of some future continuity, it is intended to go further into
the research dealing with geotechnical issues, remote sensing, soil
self-purification capability and the array of methods to flood control
and “Gota Fria” (Sudden Storms and overflows in Eastern Spain and
other sites in the Mediterranean Arc) in the upper catchment area of
the river basins, as much as the economical items.

Conclusion

Summing up, recharge management, artificial aquifer recharge or
MAR is a valuable, feasible and cheap tool and they need a broader
spreading to enhance their general use. Thus, there must be a
deeper implication of the Irrigators Communities into the MAR
technique, particularly those that get their supply from groundwater.
In order to achieve this goal, it is required to bring these facilities
closer to the general public, politicians, farmers (an assembly of huge
relevance as the most relevant group of beneficiaries; up to 80% of
water use in Spain is committed to irrigated agriculture) and to get
political support from institutions for example town halls, Autonomous
Regions and national governments on the basis of shared
responsibility.

Finally, this research period could be summed up using the following
five words:

B e - SN 7

I---—-I- .
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I LTI LT I<T 1

Figure 17. Final message of the Project in Graffiti: The key is the
storage.
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ADDENDA. LEAFLETS RELEASED ALONG THE PROJECT'S
DEVELOPMENT
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THE DINA-MAR PROJECT. AQUIFER RECHARGE MANAGEMENT
WITHIN THE FRAMEWORK OF SUSTAINABLE DEVELOPMENT

This is a R&D&I project that is financed by the Grupo
Tragsa, the aim of which fs to establish which zones in
Spain are liable to be used for artificial recharge
operations (AR) and Artificial Aquifer Recharge or
Managed Aquifer Recharge (MAR), within the framework of
sustainable development and following standards
involving minimum negative environmental impact.

The project, which consists of five phases, began with an
extensive study of the state of the art, especially on a
national scale, Until the present time, the technique has
hardly ever been put into practice. Mention must be made
of the activities that have been promoted by the MAPA in
the Arenales Aquifer (Segovia), the research into the
subject undertaken by the Instituto Geoldgico y Minero de
Espafia and the experiences that have been obtained in
Catalonia.

PHASE 1: Eslablishing the geoiogical formations
sultable for artificial recharge

The calculation process is based upon the GIS analysis used
for this with more than 30 thematic covers tested using
different deductive methods.

GIS Analysis. First results

eThe total area calculated (Mainland Spain and the
Balearic Isles) ranges from 27,000 to 43,000 km® in
aquifer zones close to river beds of a reasonable size,
most of which lie in irrigation zones where groundwater
is used.

#The area of land likely to store volumes in addition to the
ylelds from natural recharge with forestry use, generally
lying in the upper reaches of basins, is slightly lower than
9,000 km'.

sThe land that is associated with river beds or wetlands
with the same conditions as in the preceding case
amount to 10,500 km’.

N* BASIN

1 NORTE Il

2 DUERO

3 TAND

4 GUADIANA |

4 GUADIAMA 1|

5 GUADALQUIVIR

6 SUR
7 SEGURA
B JUCAR
9 EBROD
10 C.1. DE CATALURA
TOTAL

GIS analysis. First results.

PHASE 2: Establishing and contralling In “Pllel
zones”

Work has begun on taking ongoing data in the pilot zones,
and it is planned to add to more in the near future. Studies
are conducted in these to establish the way the
infiltration rates evolve and to test the effectiveness of
the prototypes of artificial aquifer recharge devices (AR).




The key is the storage

PHASE 3: Studying and designing specific
devices lo achieve a high inflitration rate

This is based upon the analogical scenario technique. At
present, tests are being carried out on different devices
for the artificial recharging of aquifers in the pilot zones,
with a view to establishing the most suitable technique to
use in each one of the potential application zones.

PHASE 4: Environmental aspects

a) CONSERVING THE ECOLOGICAL FLOWS

A methodology is being developed for establishing what
environmental flows must be conserved in the river beds
concerned, on the basis of a variety of different
hydrological and environmental criteria.

b) WATER REGENERATION. KEY ELEMENTS

Water regeneration of wetlands by means of AR is one of
these key elements. This is the case with the experience

carried out by the JCL and the Grupo Tragsa in the Iglesia
de Coca Lagoon (Segovia). Other further aspects are the
recovery of springs, restoring dune systems, etc.

c)SUDS

The Sustainable Urban Drainage Systems (SUDS) are
conducive to the infiltration of surface water in urban
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areas, and are likely to be used as a tool in a suitable and
sustainable environmental management model.

D) ENVIRONMENTAL INDICATORS

At the same time as research is being conducted into the
technique, a series of new environmental indicators are
being prepared that will enable the users to obtain an
approximation of the actual effect of the potential,
implementation of the infrastructures for artificially
recharging aquifers and environmental impact assessment
criteria.

PHASE 5. Environmental Education and
Dissamination

The project intends to disseminate the information
generated in different fields, distinguished by action
groups, as well as to disseminate environmental education
premises. With a view to this, specific educational
material is being prepared and communicated with
respect to aquifer recharge management, and action
strategies are being drawn up.
[ ]
g, e &=}
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Further information:

Enrique Fernandez Escalante
Tel. 913 226 106
dina-mar@tragsatec.es
www.dina-mar.es
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SPECIAL WATER MANAGEMENT TECHNIQUES

DESALINATION, MANAGED AQUIFER RECHARGE AND RE-USE. PROS AND CONS

Desalination, managed aquifer recharge and re-use are the
so-called “special techniques” of water management, and
they constitute an alternative or a complement to “conven-
tional techniques” (dammed reservoirs, groundwater exploi-
tation and water basin transfers). The main advantage of the
special techniques is that they generally have more possibili-
ties for sustainable development. Their main drawback is the
lack of knowledge on the part of public institutions and
bodies and the scarce experience in this country about
details of the matter.

Desalination

This is a possibility in coastal areas. In this country there
are currently over 900 desalination plants, which produce
more than 800,000 m?/day (Hispagua, 2006). There are
various desalination processes, with reverse osmosis being
the most effective.

e e gurrrrad)

Reverse osmosis equipment.

The main advantages afforded are: the possibility of using
briny water from aquifers, thereby halting saline intrusion,
the stability of the supply in terms of both quality and
quantity, and the possibility of adapting quickly to demand,
within certain limits.

The main problems that arise are the high energy cost
(which is a limiting factor for many users) and waste mana-
n
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The evolution of energy consumption in Spain
in sea water desalination plants.

gement (brine). According to the Spanish Desalination and
Re-use Society, the average energy consumption in Spain in
2005 was to the tune of 3 Kwh/m? in sea water.

One recently-opened line of research is desalination using
renewable energies.

Management aquiter artificial recharge (MAR)

Reverse osmaosis waste water treatment plant.

Managed Aquifer Recharge (MAR) consists of a set of techni-
ques that make it possible to act on the quantity and quality
of water reserves in
aquifers by means of
intervention at the
entry and exit points for
the system's water.
There are  various
methods that make it
possible to act on diffe-
rent shallow, interme-
diate and deep aquifers.

This requires detailed knowledge of the chemical nature of
the recharge water, of the aquifer's natural water, and of the
possible interaction between them.

Picture of the
infiltration pond and
artificial recharge
channel of the Cubeta
de Santiuste facility
(Segavia).
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ARTIFICIAL RECHARGE OF AQUIFERS AND
WATER REGENERATION IN DEGRADED WETLANDS

The situation of Spanish wetlands had reached a critical
point during the 20th century, as its size had been reduced
by 60% (MOPTMA, 1990 and 1995, Casado & Montes, 1995).
Mareover, most of them had been significantly changed.

Examples of wetlands regenerated by means of techniques of artificial recharge

of agquifers in Bolivar, Adelaide [South Australia), Phoendx, Arizona (LUSA) and
Spandau, Berlin (Germany).

The main causes have been over-exploitation of aquifers,
forest repopulation, and growing urban development.

Since Spain ratified the RAMSAR International Agreement
(1971) in 1982, and helped by Law 4/1989 on Conservation
of Matural Areas and Wild Flora and Fauna, wetland
conservation has been fostered through various techni-
ques, among which it is worth noting artificial recharge of
aquifers.

This system has been applied in other countries for deca-
des, as is shown by the following examples from Adelaide,
Berlin, and Arizona, in general by means of induced artifi-
cial recharge.

—

La lglesia lagoon (SG-1), catalogued as of special Interest by the
Castillay Ledn Reglonal Government

Photographs from 2004 and 2007 after two years of water
regeneration by means of artificial aquifer recharge operations.

The need for recuperation is justified by the great envi-
ronmental value of the wetlands and their high biodiversi-
ty. They act as carbon drains, stabilise the climate, regu-
late the hydro-geclogical cycle and hydrogeochemical
cycles, they have purifying properties, and they moderate
the effect of floods. In addition, a large part of them have
a great hydro-dependence on the aquifers, affecting their
ground water table.
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Wietlands provide rich and productive benefits, as well as
providing other values through their resources, such as:
water, wood, fiore, fish, crustaceans, wery productive
soils, medicinal plants, wildlife, etc. Furthermore, these
areas can act as a means of transpart and as a tourist
attraction,

To  achieve adeguate
water regeneration, it is
necessary to simulate the
natural underground flow
path, and hence create a
similar artificial trajec-
For human health, they provide food by being wvery o : tory, It is thus necessary
productive ecosystems, and pharmaceutical products by F to study the solubility of
having medicinal properties in the water and mud. They . the materials and the
also act as filters or traps for some pathonegenic micro- - e flow of water through the
organisms. In addition, they provide mental well-being, aquifer, and the processes
leisure and culture, which gives them extra added value, of interaction.

Dl Safior egoonin Gomes ssrmcin
Caracilio County, Sagov &

Restordtion of wetlands by means of aMificial
recharoe in Spain

tion in wetlands, Within this we could mentian the work “"W“
carried out in the Tablas de Daimiel Mational Park since
the 1980s, |t has been possible to safeguard this wetland
thanks to artificial recharge from eight drillings, which
has enabled the survival of an aguifer declared as overes-
ploited,

In Spain there has been little experience inwater genera- ‘ ‘ ‘ g+ o e ‘ ‘
|

i =

In the LosA&renales aguifer, in 2004, work began on water
regeneration of the Coca-Olmedo Complex wetlands (La
Iglesia and Las Eras lagoons), in Segovia, Walladolid, with
water from the Cubeta de Santiuste reservoir artificial

R Ganeric design of an inducad arificial rchamga facility 101 ncres se the silinity of
rD‘Charge facil ity the artificl | rac hame watar until it has similarcha motaristic s1o thosa of the
witarof the anza The fontact sufacais regulated, 34 s the time of imeraction
with the sl e mataril of the tarmain, precipiated by the Asaof deep
| o uniherground fiows

Results of the experiments

Analysing the results obtained on applying induced artifi-
cial recharge, it can be said that the ecological state has
improved, since the artificial recharge water was made to
be chemically similar to the lagoons original waters, For
this quality to be maintained, it is advisable to apply some
kind of protection.

To appreciate the changes, a system of environmental
indicators has been designed that are related to the iden-
tification of effects, the study of the transient nature,
and the intervention and the activity carried out. |t is
waorth noting the following positive effects,

The Tabls de Cmim e Mation | Perk has had eighs borshodkes 1o eganerate i by
fmeans of rec i rga manageament since the | 60 - Improvement in the management of resources.
- Reduction of the decreases in water level produced by
pumping,
regenerated with artificial recharge waters, - Qualitative improvement in the waters,
- Purification of pathogenic vectors

In the county of Carracillo, the EL Sefior Lake i also being

The process, still in its early stages, has many more

advantages than drawbacks, as shown by the monitoring | summany, applying these techniques requires highly
indicators, For example, it hasbeen possible to safeguard  getailed technical studies, with their resulting economic
the halophile bacteria that are endemic in this Complex, cost, These activities rmust seek to be coherent in terms of
all of these advantages have involved the active participa- ecology, landscape, territory, society and institutions.

tion of the public campany Tragea,

Comact

Enrigue Femandez Escalapte

Traga Tel, +34913 226 106

f‘ dina-mar@tragsa.es
'mm i, cina-m ar es
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MITIGATION TECHNIQUES IN COMPLETE WATER MANAGEMENT.

ARTIFICIAL RECHARGE IN BASINS FORESTRY.
MANAGEMENT TECHNIQUES TO PRODUGE WATER

Precedents

There is a group of water management techniques called
“mitigation” techniques (they help mitigate peaks in
demand) which are little-known but of enormous impor-
tance in the progressive management of water from the
headwater of every basin. These are generally dykes and
infrastructures that laminate the runoff flow and retain
significant volumes that would otherwise build up in the
lower part of the basins, as well as suitable management
of forest masses. Hence the importance of the work of
forestry engineers in managing water resources and aqui-
fer recharge (MAR).

This is a solution especially designed for subbasins in the
Mediterranean Arc, where floods are a common phenome-
non.

The most effective features are those that have been
introduced and forest management, the combination of
which enables aquifer recharge and reduces the build-up
of volume flow. Grupo Tragsa has proven experience in
building these, especially in the Community of Valencia
region and Andalusia.

According to studies carried out in the context of the
DINA-MAR project, aquifer recharge located below forests
is greater than that in barren areas with similar precipita-
tion. This fact does not seem to be attributable to featu-
res “caused by man”, but rather to a natural mechanism.

Management of runoff water

When the terrain gets saturated and cannot retain
rainwater, the latter is moved by gravity towards the
watercourses and can come to have catastrophic effects.

Suitable forestry management can retain a large part of
this water in aguifers. Some examples are:

1.- Repopulation and siviculture for deep artificial

recharge in suitable areas.

- Creation of forest masses with a diversity of species
adapted to the conditions of the ground, with low water
consumption and various strata that foster infiltration.

2.- Mechanical preparation of the soil to encourage
infiltration.
For forest areas above aquifers suitable for artificial
recharge:
- Creating furrows that favour infiltration and decrease
surface runoff,
- Enabling planting and growth of plants.

The creation of contoured furraws
or ditches reduces water erosion
and increases the time that the
water remains on the hillside,
fostering natural infiltration,
aquifer recharge and the growth
of plants put in place. (Photo:
TRAGSATEC)

3.- Countryside arranged for aquifer recharge.

A technique applied in Switzerland with good results. This
involves diverting part of the water from a river to the
interior of a forest arranged for recharge, by means of suita-
ble species and certain work carried out on the ground.

4.- Restoration and maintenance of terraced land.
Terraces are structures that encourage cultivation on
hillsides. They have been used since antiquity, and have
allowed mankind to extend cultivated areas and help
recharge aquifers. Their high degree of abandonment can
be mitigated by forest repopulation.

Catastrophic watercourse flood in a town in south-eastern Spain (1960s). This
torrential event affected the whole south-east, caused human and material
losses, and washed cubic hectometres of water to the sea, paradoxically inan
area with endemic problems of drought. (Photograph courtesy of ICONA),

Terraced hillside. A large amount of this corractive work has today been
abandoned. Maintaining them and repopulating forests encourages use to be
made of unoff waters. Morella (Castelldn), (Photo: TRAGSATEC)
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5.- Making use of runoff waters.

One of the activities most used in hydrological-forestry
correction work is the creation of dykes and dry-stone
walls in ravines and watercourses. This work is usually
done for other purposes (lamination, retention, conso-
lidation), but it usually also acts as infrastructure to
infiltrate the water.

Dyke in a torrent in Sierra Nevada {Granada). It laminates the peak flow volume
and increases infiltration (Photo: TRAGSATEC)

The main drawback is the suspended sediments, which
clog up the ground and thereby decrease the infiltra-
tion rate. This problem is reduced with reforestation of
the basin from which the flow comes and by installing
dykes in series, which prolongs its useful life.

Diyke in a saltwater torrent (Lanjardn, Granada) during its construction in the
1950s {photo courtesy of ICONA} and today (Photo: TRAGSATEC). The presence
of the dyke has encouraged the development of a very valuable ecosystem.

In addition, a positive effect is produced on the vege-

tation, enabling a diverse and valuable ecosystem to

develop.

Other examples of work to

manage the runoff waters are:

- Collection of water by
means of making surfaces
impermeable, which is
diverted to storage tanks
(such as those used in
forest fires).

Drainage ditch on a hillside. The
collection of rainwater reduces erosion
and enables greater use of the runoff
water, Navarre, (Photo: TRAGSATEC).
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Small dam to reserve water in Cabaferos. (Phote: TRAGSATEC).

- Small dams in river watercourses, acting as small
reservoirs for lamination and infiltration.

- Reservoir pools to collect water at the foot of the
hillside.

- Ridge gaps: These are long ridges that divert part of
the volume flow during a flood and guide it towards

Sketch of ridge gaps in a“rambla” and earth-weed banks. The lines show the
path of the water (Taken by Ecologla Fuera de Serie. ICOMA, 1990)

cultivated plots. They are commonly used in
“ramblas” (natural watercourses to the sea)
and are one of the oldest features in Spain
for artificial recharge.

- Earth and weed bank jams: These re-dam
runoff water by means of earth ridges
perpendicular to the river bed, and which
have side overflows.

Moreover, forest formations and their proper

management have another series of positive

influences on both surface and underground
water, such as:

- A greater increase in water quality, which in
turn means lower treatment costs and greater

health guarantees.

- Conservation of wetland ecosystems with the ecological
rewards of this, conservation of biodiversity, prevention
of marine intrusion and other problems of pollution,
maintenance of the landscape, and as a consequence,
greater recreational and cultural worth.

Gonclusions

The control of runoff and the management of cloudy
waters have become established as measures in mitiga-
ting water management.

The infrastructures in forestry basins and along the
watercourses, as well as reforestation of recharge areas
and their proper management, lead to an increase in the
amount of underground water that recharges the aqui-
fers and the availability of water in the affected area.
Equally, this forest management fosters many more
positive than negative effects in environmental quality.

ETragsa

Contact

Carlos Copano

Tel. +34 913 226 200
dina-mar@tragsa.es
www.dina-mar.es
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THE MANAGEMENT OF AQUIFER RECHARGE IN URBAN HYDROGEOLOGY.
SUDS: SUSTAINABLE URBAN DRAINAGE SYSTEMS

Sustainable Urban Drainage Systems are systems that recuperate the natural cycle of water in cities.

Impermeable city.

Problems

The introduction of buildings and urban development
entail a negative effect on the territory. The progressive
impermeabilisation of the terrain causes great hydrologi-
cal changes and means large investment in infrastructures
to channel and treat the water collected.

FPERFIL TEMPERATURA URBANA
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Excomntis superic urberinads

The natural cycle of water consists of various phases:
evaporation, condensation, precipitation and infiltration.
All of these are of vital importance for the water to main-
tain stable levels of life and to enable the development of
a healthy territory. The urban water cycle, on the other
hand, has abandoned the original paths of the place and
this causes economic and environmental problems that
are difficult to solve:

Urban water cycle.

Heat Island effect

The impermeabilisation of urban surfaces: roads, pave-
ments, car parks, roofs and so on cause a temperature rise
of up to 6 °C in city centres.

Runoff build-up

Impermeable urban surfaces cause a quick build-up of
water from precipitation in short spaces of time, resulting
in highly pollutant floods that are difficult for the urban
sanitary and sewer network to absorb.

Classification

Sustainable urban drainage systems must be understood to
be components in a management chain and not isolated
features capable of treating the water individually.

This chain of management includes preventative action,
management at the origin, management of transport, and
management in the treatment prior to the definitive
infiltration, and this leads to the following classification:
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MANAGEMENT AT THE ORIGIN
Provides attenuation for the runoff ,
to the natural drainage system.
Permeable surfaces: Devices that have a volume of
permeable material below ground to store surface water

returning the water

Filter strips and swales: Vegetated surface or long swallow
channels features that drain water evenly off impermea-
ble areas.

Infiltration devices: drain water directly into the ground
Green Roof: The vegetated surface provides a degree of
retention, attenuation and treatment of rainwater, and
promotes evapotranspiration.

Filter ditch.

Green roof, Infiltration tank.

PERMEABLE TRANSPORT SYSTEMS

These transport runoff water slowly, enabling filtration,
storage, infiltration, and even evaporation and oxygena-
tion.

Filtering drains: ditches covered with geotextile material
and filled with gravel.

Green ditches: channels with grass planted, which guide
the runoff water from the drainage surfaces to a storage
system or to a connection with the existing sewer system.

Green swale.

Filter drainage.

PASSIVE TREATMENT SYSTEMS

Eliminating and decompasing water pollutants at the end
of the treatment process:

Filtering strips: sections of terrain with vegetation and a
slight slope designed to receive and filter the layer of
runoff by trapping solids and oils.

Detention tanks: depressions designed to slow up the

OO U s

am,

ana-mr Y

runoff from storms for a few hours and allow for sedimen-
tation of the suspended solids

Retention pools: depressions in the land with a permanent
volume of water

Artificial wetlands: extensive areas of shallow water with
typical marsh or natural wetland vegetation.

Filter strip.

Detention tank.

Retention pool.

PREVENTATIVE MEASURES

Aimed at achieving good practices in cities:

Minimising surface runoff in cities.

Draining towards green areas instead of diverting the
water to the sewers.

Collecting rainwater for later use:
washing machines...

Keeping the city clean regularly.

Creating awareness about sources of pollution:
hops, hospitals, etc.

Minimising the use of herbicides and fungicides in parks.

Education about the agents involved in designing and
maintaining Cities.

A _n__l b

irrigation, cisterns,

works-
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Discharge 1o waterourse
o e

Applications

The Tragsa group has
begun to introduce these
techniques in projects
being carried out, there-
by improving the envi-
ronmental quality of
cities.

Contact
Ignacio Prieto Leache
Architect

Tel.+34 913225493 ipri@tragsa.es
www.dina-mar.es
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MAR-MOVIE
MANAGED AQUIFER RECHARGE DOCUMENTARY
Advantages of the MAR technique

From the earliest of times, water has been a constant
concern for man, considered to be a gift from the gods.
Present in various cultures and religions: Inca, Egyptian or
Greek, in which Ganymede, the water bearer to the gods,
was immortalised in the constellation of Aquarius. The use
of water appears in war and in agriculture, ideas
represented by the Etruscans as Maris and subsequently
MAR-s

M anaged
A quifer
R echarge

“Managed Aquifer Recharge”

It is an ancient technique with biblical reviews.

Back in the 12th century the Moors in the Alpujarras, in the
southern foothills of Sierra Nevada, were already striving to
store the water from the thaw in the aquifers, so that
water would be available months later in fountains and
wells “downstream”, this being an example of integral
‘water management known as “careo” canals.

Careo by derivations of the channel Los Llanillos, Sierra Nevada (Spain).
The Inca civilisation also used water from the thaw in the
Andes for irrigation in a similar way, another pre-Columbian
‘water management system known as “amunas”.

Other ancient civilisations have used drainage tunnels to
capture water and recharge aquifers, known as “ganats™
(word whose origin is Iranian), the use of which has spread
to all continents.

Qanat  in

Persepalis | |

{iran).
Today, managed aquifer recharge is a widespread practice
for increasing the availability of water resources and
improving their quality, although its level of
implementation varies considerably from one country to
another.

«Alleviating fluctuations in the resources available and reducing
the loss through evaporation

quality

g and g the reg d water, improving its

«Increasing the reserves available

»Combating salt water intrusion by means of positive hydraulic
barriers

Recharge channel in
Santiuste, Segovia (Spain).

Dam for MAR on the river Piron,
shire of Carracillo, Segovia (Spain).

«Water regeneration or the regeneration of wetlands.

Laguna de la Kglesia wetland,
Segovia (Spain).
«Other proven uses are the prevention of geotechnical
problems, irrigation, water supply, energy production, mitigate
the effects of the “gota fria” phenomenon and flooding, mine
drainage and alleviate some of the effects of climate change.

Mational Park of Tablas de Daimiel,
Ciudad Real (Spain).

sIncreased water infiltration in urban areas is obtained by
applying Sustainable Urban Drainage Systems or SUDS.

«Etc.

% 3 e N =
£ s e
SUDS in Gomezmarro Park, Madrid (Spain).



The key is the storage

Disadvantages of the MAR technique

+The need for detailed studies in order to prevent any
potential repercussions.

«Effects on the unsaturated zone of aquifers such as an
increase in the concentration of air, swelling, collapse, etc.

-Socio-economic and political problems that can lead to
conflict.

«Etc.

Within this context, there are international initiatives for
promoting this technigue, with a view to achieving the UN
Millennium Geals.

The MAR-NET projects {IAH-UNESCO), which includes DINA-MAR, are
Indicative of the adequacy of the managed aquifer recharge to alleviate
the problem of water supply

MAR-NET

MAR-NET was designed to raise awareness of the
advantages and disadvantages of the MAR technique, to
support initiatives and promote technical support, the
dissemination and transfer of technology, with a particular
focus on developing countries.

A dissemination strategy was created for this purpose.
Some of its key messages aimed at different groups of
people are:

«MAR: A feasible, cheap and simple solution to alleviate the
problem of the lack of water.

«It is a technique with low environmental impact and which
alleviates the effects of climate change.

«Recharged aquifers: a supply solution for the future,

=Another method of storage is possible.

_I:POOOW'?
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Demostration sites

Certain “demonstration sites” have been proposed to
UNESCO as places that are examples of this technique, with
a view to dissemination. One example are the devices at
Santiuste and Carracille in Segovia, through which
“hydrogeclogical routes” called “Caminitos de agua” (little
paths of water) run, enabling the theoretical knowledge of
the technique to be complemented with various practical
examples of devices.

Infermative panel / Field guide “Caminitos de Agua™

In short:

It is a compl tary water ent technique that
fits in well with the integral management schemes, offering
more advantages than disadvantages and constituting the
only feasible technique for certain sectors; it can be
implemented easily in numerous aquifers, especially in
developing countries.

+It is also a “driving force” in influencing the quantity and
quality of water masses,

«Alleviating the effects of climate change appropriate for
environmental purposes.

«Leaves room for innovation and for the development of
RED&i projects.

«Enables people to become involved in water r g
through a shared responsibility approach.

+The technique alone is not capable of solving certain
problems of water management, but it does reduce their
consequences as it is being implemented.

“The key is storage”, for the sake of future generations!!

CONTACT

“Tragsa

Far more information contact:
Nuestro compromiso,
el tuyo, dina mar@tragsa.es

el de todos,
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20 FILTRAGIGN

EANGOS FILTRANTES EN LECHOS DE RIOS (REF)

Sistema REF para MAR en Eritrea, Fote: A. Twinhof,

FILTRACION INTERDUNAR

Filtracian interdunar cerca de Amsterdam, Holanda. Folo: Allus.

RIEGO SUBTERRANED

CAFTACION DE AGUA DE LLUVIA EN

Riego sublerraneo en Andalucia. Foto: Tragsa,

Captacion de lluvia en improductivpo para MAR

B~ |Recarga artificial desde el alcantarillardo en Espatia.
| |Foto: Tragsa

e T e )
5 RECARGA ACCIDENTAL GONDUGCIONES ¥
ALCANTARILLADG
—  sups
£ SISTEMAS URBANOS DE DRENAJE SOSTENIBLE

SUDS. Gomeznarro. Madrid. = =l—
1A E

Foto: E.F, Escalante.
dina-MAR
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e CANALES

SERPENTEOS / LEVEES

ESCARIFISAZICH LEGHC

DIQUES SUBSUPERFIC IALES/SUBTERRANEDS

DIQUES PERFORADC S

OANATS [GRLERIAS BURTERRANEAS)

POZOS ABIERTOS DE INFILTRACION

POZ0S FROFUNCOS Y MINSONDEDS

SONDEOS

DOLINAS, COLAPSOS, .

|ASR

[Sepermens er el o Santa Ana, Soncade de Orangs, Callfore la. Feto: A, Hutehinsar,

bots |Escarificacicn del lech o del ro Besss. Barcelnnz.

Fetm; J, Armenter,

Dique subs uparficial (¢ moa se d¢ arena) en Kytui, Kenia,
Fotn: Sander da Hoaas.

Dique perfarmeda. Lanjara 1, @ renata, Espati, Foto: Trgsates,

[Canal de Carber ero &l Maye ., Seqovia. Fote: EF. Escalante,

|Fezo abierto ce i nfiltracion, Arzonz. USA Foto: DIhAMAR

Poze de recarga artificial, Cornelld, Barcelona,
Feto: D NA-MAR

[ Sondec para MAR (ASK| #n Adslaida Fom: PO flen.

[Cotapso carstoo "Bl Handimiento®. Alicante, B3 salia.
Fotm: D YA-MAR

Dizpoaitive ASR en Scomsdale, Arlzars. Fate: O NAMAR

BENe~«4imHER

Disposilive ASTR en Califomia.
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N SISTEMA TIPQ DE DISPOSITIVO ICONO FIGU

RA FQTO LEYENDA

al para |2 recarga <lel Sanchén, Goca, Segovia.
Foto: DINA-MAR

1 EALSAS DE INFILTRACION { HUMEDALES

[Canal de recarga artificlal de 12 Cubeta de Santluste, Segavla, Spaln,

2 CANALES Y ZANJAS DE INFILTRACION operativa desde 2002, Futo: DINA-MAR,

PISPERSION |0 g nLLONESTEGNIGAS DE TRATAMIENTO Gaballenes en el fonde de una balsa de infiltracion. California.

2 SUELO/ACLIFERO Fota: D. Payton

4 Wnﬂ,hﬂﬂuu’_uamhuﬂn.w__w”%%z (INUNOAGION. T GCampa de infiltracidn de Omdel (Namibia). Foto: G. Tredoux.

s RECARGA ACCIDENTAL FOR RETORNOS DE RIEGQ Recarga artificial per reternes de riege. Extremadura, Espafia.

] DIQUES DE RETENGION ¥ REPRESAS Dique de recarga artificial an cabacara de cusncas, Alicanta. Foto: DINA-MAR
w DIQUES PERMEABLES Dique permeable en Huesca, Espafia. Foto: Tragsatec.
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	Table 4. Example of the cross matrix with three classes of soil use and the environmental conditioning factors for each MAR activity. The total of the crosses is an indicator of environmental potential. The original table considered 85 possibilities.
	From the description and analysis of the different negative impacts and problems encountered in the MAR devices, problem/solution binomials of an applied nature and based on SATs are proposed. These are the results of Santiuste Basin field studies:
	Figures 10 a) y b). Situation after implementation of a Carracillo infiltration pond, ortoimage SIG-PAC and Ikonos fusion in infrared false color (1m), 2010.
	Figures 13 a) & b). Restoration of the “La Iglesia” lagoon (Segovia, Spain), a) February 2006; b) May 2006.
	Figures 14 a) and b). The Angel of Independence (Mexico DF). Before this monument was erected a solid foundation was laid, but the surrounding terrain suffered settling over time and consequently it was necessary to build a staircase to it (See photo on the right). Extracted from:

	en-contraportada-v6.pdf
	RECHARGEABLE�SUSTAINABILITY:
	SOSTENIBILIDAD�RECARGABLE:
	Sostenibilidad�RECARGABLE:
	Rechargeable�SUSTAINABILITY:

	18X25-Rechargeable sustainability-v32-sp-girado.pdf
	Tabla 4. Ejemplo de la matriz de cruce con tres clases de usos del suelo y los condicionantes ambientales de cada actuación MAR. El total de cruces constituye un indicador de potencialidad ambiental. La tabla original contempla 85 casuísticas.
	A partir de la descripción y análisis de las distintas tipologías de impactos negativos y problemas encontrados en los dispositivos MAR, se proponen binomios “problema-solución” de carácter aplicado y basados en SATs, como:
	Figuras 10 a) y b). Situación tras la actuación balsa infiltración en El Carracillo, ortoimagen SIG-PAC y fusión Ikonos en falso color infrarrojo (1m), año 2010.
	Figuras 13 a) y b). Regeneración de la Laguna de la Iglesia. Segovia, a) Febrero 2006; b) Mayo 2006.
	Figuras 14 a) y b). Ángel de la Independencia de México. A la hora de construir este monumento, se realizó una cimentación importante, pero el terreno de alrededor, con el paso de los años, sufrió asientos y por ello, hubo que construir una escalinata para llegar a él (véase la foto de la derecha). Tomado de:
	http://www.exploramex.com/epocaIndep/Terrem1985.htm.
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