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Foreword

The on-line seminar "Natural radioactivity in drinking water for human consumption"” was held
in the framework of the LIFE ALCHEMIA project (LIFE 16 ENV/ES/000437).

This project is the result of the collaboration between different entities located in areas of the
European Union facing the problem of natural radioactivity in groundwater: the province of
Almeria (Spain) and the municipality of Viimsi (Estonia).

Natural radionuclides from the uranium and thorium decay chains are transferred to
groundwater, which has higher concentrations of natural radioactivity than surface water. This
is a consequence of the contact time between the water and the radionuclides present in the
ground, their concentration depending on the geological characteristics of the subsoil. The main
problems related to natural radioactivity in water come from igneous and metamorphic rocks,
such as granite or slate.

Currently, reverse osmosis is the most widely used advanced filtration treatment to remove
natural radioactivity from water, however, it has associated a high water and energy footprint,
generating high volumes of reject water and complex management of its consumables. There is
a need for more environmentally and economically cost-effective treatment technologies in
order to comply with the parametric values set out in Council Directive 2013/51/EURATOM,
laying down requirements for the protection of the health of the general public with regard to
radioactive substances in water intended for human consumption.

The LIFE ALCHEMIA project seeks a solution to the existing problem. On the one hand, by
demonstrating alternative technologies based on filter beds for the elimination of natural
radioactivity, and on the other, by reducing the concentrations of natural radionuclides present
in NORM (Naturally Occurring Radioactive Materials), in order to avoid their management as
radioactive waste when they have reached the end of their useful life. The expected results and
environmental benefits are:

e Reduce the concentration of radionuclides in drinking water by 75-90%.

e Reduce the concentration of radionuclides in NORM waste by 90%.

e Reduce operating costs, environmental impact and greenhouse gases by 80%.

e To have a cost-benefit analysis of the different treatment technologies available.

e Replicating the project solutions to other areas of the EU.

e Enable authorities to increase competitiveness and improve environmental legislation
for better management of radioactivity.



For this purpose, four pilot plants have been installed, three of them located in the province of
Almeria (Spain) and one in Viimsi (Estonia), which are being exploited with different operating
strategies to prevent the generated NORM waste from being managed by a different route than
the conventional one (radioactive waste).

During the on-line seminar broadcast from Almeria (Spain), the results obtained to date from
each of the pilot plants of the project were presented, as well as the different operating
conditions studied during their exploitation time. This seminar presented to various
professionals in the water sector, alternative treatment systems to remove natural radioactivity
in @ more environmentally and economically sustainable way.

This handbook provides an overview of the on-line seminar held in Almeria by compiling the
abstracts received by the invited speakers and their presentations. This document contains the
programme of the day as well as the presentations made by the invited speakers at the seminar.

Seminar presentations are available for download through the LIFE ALCHEMIA project website:
https://www.LIFE ALCHEMIA.eu/en/seminars-and-events/



https://www.lifealchemia.eu/en/seminars-and-events/
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LIFE ALCHEMIA Project

The LIFE ALCHEMIA project, " Towards a smart & integral treatment of natural radioactivity in
water provision services ", aims to demonstrate alternative technologies for the elimination of
natural radioactivity present in groundwater intended for human consumption, ensuring
compliance with the legislation in force and minimising the concentration of natural
radionuclides present in the NORM waste (Naturally Occurring Radioactive Materials) associated
with this type of facilities so that they can be managed by conventional routes.

The project is being funded by the LIFE programme of the European Union and will be developed
between October 2017 and September 2021. Its consortium is integrated by the CARTIF
Technology Centre as project coordinator, as well as the following entities: the Provincial
Government of Almeria, the Solar Energy Research Centre (CIESOL) of the University of Almeria,
the Tallinn University of Technology, the University of Tartu and Viimsi Vesi Ltd. (Estonian public
water company).

The objectives of the LIFE ALCHEMIA project are:

e To demonstrate the technical and economic feasibility of using optimised bed filters in
Spain and hydrous manganese oxide (HMO) in Estonia for the removal of natural
radioactivity in drinking water.

e  Reducing the concentration of radionuclides in NORM waste.

e Replicating the project solutions to other areas of the EU.

e Encourage the transfer of the project solutions to other areas of the EU.

e To promote compliance with Directive 2013/51/EURATOM on radioactive substances in
water intended for human consumption.

More information on the project activities and results can be found on the website of the
project: https://www.LIFE ALCHEMIA.eu/



https://www.lifealchemia.eu/

On-line seminar Natural radioactivity in
drinking water for human consumption

The on-line seminar "Natural radioactivity in drinking water for human consumption” is
organised within the framework of the European project LIFE ALCHEMIA, and took place on 17t
June 2021 in Almeria, Spain.

The main objective was to give visibility to the current problems related to the elimination of
natural radioactivity in drinking water treatment plants (DWTPs) that filter groundwater, as well
as to the management of NORM waste associated with this type of installation and the legal
requirements that their owners must comply with at national level.

In addition, the experiences acquired after the installation and operation of 15 municipal DWTPs
using advanced filtration systems by reverse osmosis for the elimination of natural radioactivity
in small towns in the province of Almeria were presented, as well as the results obtained during
the months of operation and exploitation of the LIFE ALCHEMIA pilot plants in Estonia and Spain.

In conclusion, another problem related to the treatment of groundwater intended for human
consumption was addressed through the LIFE ECOGRANULARWATER project, which aims to
demonstrate innovative technologies based on biological methods for the elimination of
nitrates, phosphates, pesticides and other pollutants.

This seminar was addressed to all professionals of the water sector related to drinking water
treatment, technicians and operators of DWTPs, water suppliers and managers, drinking water
treatment companies, Public Administrations, as well as policy makers in the field of
environment and water policies. A total of 125 registration requests were received, reaching up
to 85 connected participants during the broadcasting of the event.
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Natural radioactivity in water for human consumption

17t June 2021 - On-line seminar

Registration: https://www.LIFE ALCHEMIA.eu/seminario-online-17-junio-2021/

9:00 —-9:30 Opening act

9:30-10:00 Natural radioactivity problem in drinking water in Spain
Mr. Antonio Baeza Espasa. Technical Director of the Environmental Laboratory of the
University of Extremadura.

10:00 - 10:30 Legal requirements for underground water treatment facilities
Ms. Beatriz Robles Atienza. Technician of the Natural Radiation Area of the Spanish
Nuclear Safety Board.

10:30-11:00 Management of NORM wastes: water treatment facilities
Mr. Juan Carlos Mora Cafiadas. Environmental Department of CIEMAT.

11:00-11:30 Experiences in the removal of natural radioactivity in small towns: LIFE ALCHEMIA
Project
Mr. Francisco Javier Martinez Rodriguez. Hydraulics Infrastructure Service of
Development, Environment and Water Area of the Almeria Provincial Government.

11:30-12:00 Break

12:00-12:30 Results of the LIFE ALCHEMIA Project: general considerations and radionuclide removal
at the HMO pilot plant in Viimsi (Estonia). (Simultaneous translation)
Mr. Juri Bolobajev. Researcher in the Materials and Technology Faculty of the
Technological University of Tallinn (Estonia).
Ms. Siiri Salupere. Researcher in the Science and Technology Faculty of the University of
Tartu (Estonia).

12:30-13:00 Results of the LIFE ALCHEMIA Project: pilot plants in Almeria (Spain)
Mr. José Luis Casas Lopez. Professor of the Chemical Engineering Department and
Researcher of the Solar Energy Research Center of the University of Almeria.

13:00-13:30 LIFE ECOGRANULARWATER - Demonstration project for groundwater treatment with
an innovative system based on aerobic granular technology

Mr. Francisco Javier Garcia Martinez. Manager of the Integral Water and Energy Cycle
Service of the Granada Provincial Government.

13:30-14:00 Discussion and Conclusion
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NATURAL RADIOACTIVITY PROBLEM IN DRINKING WATER IN SPAIN

Antonio Baeza Espasa® and Alejandro Salas Garcia®

1 Environmental Radioactivity Laboratory of the University of Extremadura, LARUEX / University of Extremadura.
Department of Applied Physics. Faculty of Veterinary Medicine. Avda. de la Universidad, s/n. 10003, Cdceres (Spain).
ymiralle@unex.es.

Abstract

This presentation is developed in four sections: the regulations that establish the activities and
reference doses to allow consumption; a brief review of the radioactive content present in
drinking water in our country; how to proceed if these reference values are exceeded. In
particular, the possible treatments to remove high radioactive contents from water before its
consumption are summarised; and finally, the possible implications of the use of these
treatments are reviewed.

Regulations applicable to the radioactive content of drinking water

In 2013, it was enacted the Directive EURATOM n2. 51, which establishes the requirements for
the protection of the health of the population with regard to radioactive substances in water
intended for human consumption. This Directive was transposed into our legislation in 2016, by
Royal Decree 314/2016. This RD establishes that water for human consumption must undergo
an initial assessment, relatively quick and comparatively inexpensive, of its overall radioactive
content, specifically: the activity levels of radon and tritium and the dose due to ingestion, based
on measurement of the total alpha and residual beta activity indices. In the case that these
parameters do not exceed the parametric reference values established in the aforementioned
RD, respectively: 500, 100, 0,1 and 1,0 Bqg/I, the dose per ingestion may be considered to be less
than 0,1 mSv/y, and no additional radiological investigations should be carried out. If any of
these parameters exceeds the aforementioned reference value, RD 314/2016 establishes the
list of radionuclides whose activity must be measured to check whether or not the
aforementioned dose per ingestion of 0,1 mSv/y is exceeded.

The most frequent component of the presence of radioactivity in water is due to the dissolution
of the radioactive contents naturally present in soils. In fact, as shown in the MARNA map drawn
up by the Nuclear Safety Council, there are several areas in Spain with soils with significantly
high naturally occurring radioactive contents. Groundwater flowing through these areas has a
significant probability of incorporating non-negligible activities of alpha-emitting radionuclides,
such as: 21%Po, 2%°Ra, 3%U and 28U. For this reason, it is not uncommon to find drinking water,
mainly of underground origin, with total alpha activity levels above 0,1 Bg/I.



Detected levels for naturally occurring radionuclides in drinking water

We have compiled part of the results of the drinking water analyses requested by different
companies throughout the Iberian Peninsula for the years 2020 and 2021, not knowing in all of
them the specific origin of the water. Without trying to be a statistic that faithfully reflects the
overall radiological status of these waters, the results of the 1299 samples tested indicate that:
Only 5,8% of these have total alpha activity levels higher than 0,1 Bg/l. Without trying to be a
statistic that faithfully reflects the overall radiological status of these waters, the results of the
1299 samples tested indicate that: Only 5,8% of these have total alpha activity levels higher than
0,1 Bqg/I. All these waters were subjected to the spectrometric analyses indicated in RD 314/2016
and the dose per ingestion was calculated. The result is that the consumption of 12 of these
waters, approximately 1% of the total of the waters analysed, would result in a dose per
ingestion of more than 0,1 mSv/y. It is obvious that the extent of the problem: 12 supplies
compared to the total number of those considered in the study is a tiny fraction. However, the
most common rule for such supplies is that they feed relatively small populations, who have no
other water resources and for whom alternative or technically sophisticated solutions are
unfeasible.

Remedy actions for waters exceeding the reference level of dose per ingestion

Three types of remedial actions can be applied to water with levels above 0,1 mSv/y in order to
significantly reduce this value before consumption. 1.- To act on the chemical reactions that take
place in the coagulation and flocculation processes of making water drinkable, logically only
applicable where this type of DWTPs exist. 2.- To act on the physical part of making water
drinkable, replacing or incorporating new filtering systems. 3.- To implement reverse osmosis
treatment for the making water with radiological problems drinkable. Despite the high cost of
the water produced by this last procedure and its technical requirements, it is often the most
widely used to solve these problems. On the other hand, our laboratory has experience in the
two types of actions mentioned above (first and second sections).

By acting on the chemical reactions that make water drinkable, we have shown that by carrying
out the coagulation process at pH = 6 for uranium and at pH = 10 for radium, good removal of
these radionuclides from water is achieved. The removal efficiency is almost independent of the
reagents used and, on the contrary, is dependent on the chemical characteristics of the major
elements present in the water. With regard to the adsorbents used, we have incorporated the
use of manganese green sand, which has demonstrated for radium isotopes that: a) it has a high
selective adsorption for radium; b) it has a very slow clogging; and c) it is relatively easy to
desorb.

Implications of the application of these treatments
All of the aforementioned treatments manage to eliminate the natural radioactive content of
the water to a greater or lesser degree of efficiency, but it does not disappear, but is transferred

to another receptor medium. For this reason, the implementation of any of these treatments
must be accompanied by an analysis of the radioactive waste generated, the possible use of
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these media in which the radionuclides extracted from the water have been stored and the ease
or not with which they can be transferred along the trophic chain.

Only two examples of the importance of valuing the waste generated are enough to illustrate
this point. In the chemical part of the water treatment process, the extracted radionuclides
accumulate in the sludges generated, which are often used as fertilisers or as amendments in
certain soils. In the actions on the adsorbent filters for the elimination of radium, their activity
in the filters for this radionuclide and for the radon it generates may significantly increase the
dose levels due to external irradiation and inhalation received by the workers at these DWTPs.
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LEGAL REQUIREMENTS FOR UNDERGROUND WATER TREATMENT FACILITIES

Beatriz Robles Atienza*

I Nuclear Safety Council. Subdirectorate of Environmental Radiation Protection, Natural Radiation Area. C/ Pedro Justo
Dorado Dellmans, 11. 28040, Madrid (Spain). beatriz.robles@csn.es.

Introduction

We define NORM materials as those whose radioactivity has a natural origin, but where some
human activity has increased the potential for exposure compared to the unaltered situation
(TRS-419 IAEA). These human activities may: produce an increase in the activity concentrations
of the raw materials they use; change the exposure pathways or the number of people exposed;
transport materials from one place to another by bringing to the surface radionuclides that were
in the earth's crust; and increase the bioavailability of the radionuclides.

Exposure to natural sources is linked to radionuclides of the #38U, 32Th, 2%°U chain and *°K. The
radionuclides of major radiological significance in the NORM industries are: 234U, 23°Th, 2%Ra,
222Rn, 21%Ph and 21%Po of the 238U series; %?*Ra, %2°Th and 2%*Ra of the 2*?Th series; and *°K.

NORM industries have a number of common characteristics, which have to be taken into
account when carrying out exposure assessment studies for workers and the public in the
surrounding area:

e In general, the main problem is the large quantities of raw materials, by-products and
waste, in the order of millions of tonnes per year, which they use and produce.

e These are the same radionuclides that are ubiquitous in nature and therefore
indistinguishable.

e The industrial processes to which the raw materials are subjected break the secular
equilibrium of the natural chains and cause selective accumulations of radionuclides in
the various products, waste and equipment (pipes, pumps, filters, etc.).

e There are no studies describing the situation prior to the start of the operation.

e The industries do not intend to use these materials with increased radioactivity
concentrations.

e Usually the alteration in activity concentration leads to alteration in other chemical
elements. Therefore, NORMs are often associated with other non-radioactive
contaminants.

Current regulatory framework

Current Spanish legislation, and | stress the word current, as we are in the process of adapting
our regulations to Directive 2013/59/EURATOM, is contained in the Regulation on Health
Protection against lonising Radiations (RHPIR). Furthermore, there is a Nuclear Safety Council
Instruction, 1S-33, a series of Safety Guides from the NSC and a Ministerial Order regulating the
management of wastes generated in NORM Industries.
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Article 62 of Title VII of the RHPIR on natural sources of radiation establishes that the owners of
non-regulated work activities in which there are natural sources of radiation shall declare these
activities to the competent authorities in the area of industry of the Autonomous Communities
in whose territory these work activities are carried out and shall perform the necessary studies
in order to determine whether there is a significant increase in the exposure of the workers or
members of the public that may not be considered negligible from the point of view of
radiological protection.

This Title VIl was complemented with Instruction IS-33, which establishes the work activities that
should be the object of study; the contents of the different studies; the dose values for workers
for which exceedance requires the application of corrective measures in the NORM industries;
the concentrations of #22Rn in workplaces and dwellings and the criteria for the application of
radiation protection measures in accordance, totally or partially, with Titles Il, Ill, IV and V. Figure
1 summarises the radiological criteria for both NORM industries and workplaces where the
reference value for radon is likely to be exceeded.

SELIERE]  Criterios radiologicos. NORM IR Criterios radiolégicos. Radén

Trabajadores > 1 mSv/afio: nivel bajo de control regulador

Lugares de trabajo
= Vigilancia radiclégica del ambiente de trabajo 9 !

= Estimacion anual de dosis efectivas individuales Nivel de referencia 600 Bg/m®

= Informacién y formacién a los trabajadores

. .. <600 No necesario control
= Archivo de la documentacién

600-1000 Nivel bajo de contral

> 6 mSv/afio: nivel alto de control regulador

= Sefializacion de zonas > 1000 Nivel alto de control

= Limitacion de accesos
Nivel objetivo de disefio nuevos edificios
Publico 0.3 mSv/afo 100 Bg/m?

Figure 1. Radiological criteria for NORM and radon industries of 1S-33.

The Annex of this Instruction defines the occupational activities whose owners must carry out
the studies required by the RHPIR. It includes installations where groundwater is stored and
treated, although they are only considered as an activity that may give rise to annual average
radon concentration values above the defined reference levels.

As previously mentioned, the NSC issued a series of Safety Guides related to the quality of radon
measurements and the methodology to be followed in Title VIl surveys:

e GS 11.01. Guidelines on the competence of laboratories and services for the
measurement of radon in air.

e GS 11.02. Control of exposure to natural sources of radiation. This guide recommends
exemption/declassification levels for materials from NORM industries. The values are
based on a dose criterion of 300 uSv/y, according to the scenarios set out in the EU
publication Radiation Protection 122 part. Il of the EU. These values are the same as
those included in Order IET/1946/2013 of 17 October regulating the management of
wastes generated in activities using materials containing natural radionuclides.

e GS 11.03 Methodology for the assessment of the radiological impact of NORM
industries.

e GS 11.04 Methodology for the assessment of exposure to radon in the workplace.

13



Adaptation to the European Directive

The adaptation to the new Directive 2013/59/EURATOM and its transposition to the national
legal regime implies the repeal of the RHPIR, the revision of the Regulation on nuclear and
radioactive facilities (RD 1836/1999), which for the first time will include that referring to NORM
industries and in which the new list of industrial sectors will be included. In the same,
groundwater filtration installations will be included, since in addition to the risk of exposure to
radon concentrations in excess of the new reference level (300 Bg/m?3), these installations
release effluents and generate waste during the treatment of water for human consumption,
such as sludge, filters, ion exchange resins, active carbon filters, etc., the activity of which varies
considerably depending on the water treated.

As mentioned above, the RHPIR will be repealed and replaced by the Royal Decree on health
protection against the risks derived from exposure to ionising radiation, which is about to be
published. It will also be necessary to revise the Safety Guides and IS-33, adapting them to the
new radiological criteria.

NORM industries are placed on an equal footing with other practices involving ionising radiation
in Directive 2013/59/EURATOM, with a gradual approach to regulatory control. The radiological
criteria for these industries are summarised below:

e If the levels exceed the reference levels, then regulatory control will be increased as
necessary:
o Notification.
o Registration. If E>1 mSv/y for workers.
o Licensing. If E>8 mSv/y for workers or if there are discharges of liquid or gaseous
effluents to the environment in significant amounts.

e If E>1 mSv/y for workers - Authorities will require managers to keep exposures under
review taking into account whether protection can be improved and whether doses may
increase over time due to modifications in the industrial process or work methods.

e |f E>6 mSv/y for workers - The whole system covered by other practices shall apply.

Another novelty of the Directive is to include the exposure of the population to radon in
dwellings as an existing exposure, establishing a reference level of 300 Bg/m? and requiring
countries to establish action plans at national level (National Radon Plan) to jointly address the
risks arising from radon exposure in dwellings, publicly accessible buildings and workplaces.

For workplaces, a reference level is imposed which may exceed 300 Bg/m3 only under
exceptional conditions. In workplaces where doses above 6 mSv/y may be received after actions
have been taken to reduce radon concentrations, the exposure situation will be managed as
planned and the relevant requirements will be applied. The radiological criteria for radon
according to Directive 2013/59/EURATOM are summarised below:

e Includes radon exposure in dwellings with a reference level of 300 Bq/m?3.

e Reference level for radon in workplaces of 300 Bg/m?3.

e Exposure is managed as occupational when dose > 6 mSv/y.

e Each country must develop a National Radon Plan in order to reduce the number of
radon-related cancers in the population.
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Current situation of regulatory compliance

As established in article 62 of Title VIl of the RHPIR, the owners of the work activities included
in the list of the Annex to IS-33 are required to declare their activities to the competent bodies
of the Autonomous Communities in whose territory the work activities are carried out and to
perform the radiological risk studies necessary to determine whether there is a significant
increase in the exposure of the workers or members of the public that may not be considered
to be negligible from the point of view of radiation protection. At present, the level of
compliance with these requirements is rather poor, in general for all these work activities and
in particular for groundwater treatment plants. The reasons for this non-compliance are diverse
and range from ignorance to deliberate non-compliance. In many cases, a wait-and-see
approach has been detected where the owners wait to be requested to do so by the authorities.

With a view to improving compliance, the NSC has carried out several actions, such as: meetings
with business associations; the sending of personalised letters; the performance of and
participation in informative conferences and talks and coordination with the Autonomous
Communities which are responsible for natural radiation. The NSC is currently carrying out
inspections of both NORM installations and workplaces with special exposure to radon.

Another issue to be addressed is to ensure both the quality of radon concentration
measurements and radiological risk assessments. In order to guarantee the reliability of the
measurements taken in homes and workplaces, the laboratories carrying out the measurements
are required to be accredited by the ISO 1725 Standard. The NSC is also promoting and funding
intercomparison campaigns of radon measurement systems. The radiological risk assessment
studies and the protective measures to be implemented must be performed by a Radiological
Protection Technical Unit (RPTU), which are authorised and inspected by the NSC. There are
currently several in the process of authorisation.
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EXPERIENCES IN THE ELIMINATION OF NATURAL RADIOACTIVITY IN SMALL TOWNS: LIFE
ALCHEMIA PROJECT

Fco. Javier Martinez Rodriguez' and Isabel Maria Rodriguez Ruano?

1provincial Government of Almeria. Area of Development, Environment and Water. C/ Hermanos Machado, 27. 04004,
Almeria (Spain). fmartinr@dipalme.org

2 University of Almeria - Solar Energy Research Center (CIESOL). Chemical Engineering Department. Carretera
Sacramento s/n, 04120 Almeria (Spain). imrodriguez@ual.es.

The problematic in the province of Almeria and accumulated experience

In 2003, simultaneously with the approval of the current Royal Decree 140/2003, which
establishes the sanitary criteria for the quality of water for human consumption, Diputacién de
Almeria undertook regional hydrogeological studies with the participation of Institute of
Geology and Geochemistry of Russian Academy of Sciences and the University of Saint
Petersburg. This Royal Decree included the obligation to control quality parameters related to
radioactivity in urban waters. It was the specialization of these Russian scientific institutions in
the matter that allowed the early detection in Almeria of this problem in water for human
consumption compared to other areas of Spain. The detection of high parametric values related
to natural radioactivity in groundwater, which until then had been used normally in supplying
the population, caused them to be declared unfit for human consumption. This declaration
forced the municipalities to close their water wells with radioactivity problems, causing
restrictions in the water supply and, in some cases, the use of mobile tanks to supply the
population.

To resolve this situation, Junta de Andalucia and Diputacién de Almeria began with the
installation of water treatment plants (WTP) through the use of two types of treatments: (1)
coagulation / flocculation with lamellar decanter and multilayer pressure filters; and (2) by
reverse osmosis, with multilayer pressure filters, microfiltration and reverse osmosis
membranes. Due to the problems detected during the operation of the former, since 2011
Diputacién de Almeria proceeded to replace them with reverse osmosis systems, in addition to
selecting this treatment for the rest of the facilities that have been running since then.

Currently 15 reverse osmosis WTP are in service for the elimination of natural radioactivity in
the province of Almeria, with production flow rates ranging between 1 and 38 m3/h. These
facilities are operated and maintained directly by the City Councils. The experience accumulated
during these years in the operation of the WTPs has revealed the following drawbacks: (1) their
high consumption of water resources to supply the population, since the rejections range
between 30-40% and it is necessary extract from the aquifers between 1,4 and 1,8 litres of raw
water to produce 1 litre of water suitable for the consumption of the population; (2) it is a very
effective but not very specific removal technology, which in many cases requires the
remineralization of the product water through calcite beds; (3) the complex management of
rejection, since there is no clear regulation for its discharge into the Public Hydraulic Domain or
its reuse for other uses, such as agriculture; (4) high energy consumption, carbon footprint and
operating costs of the WTPs and also of the water wells, given the need to extract 1,4 and 1,8
litres of raw water to produce 1 litre; and (5) operating difficulties and short useful life of
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installed equipment (mainly replacement of membranes), due to the scarce economic and
technical resources available to the City Councils for the management of the WTPs

Some of the considerations resulting from the experience in monitoring this type of facilities
carried out by the staff of Area de Fomento, Medio Ambiente y Agua of Diputacién de Almeria
are: (1) reverse osmosis is a totally effective system for the elimination of radioactivity, but not
without its drawbacks; (2) not being able to count on quick measurements of radioactivity levels
makes the exploitation of WTPs very difficult, so it is necessary to try to work in the search for
indirect measurements, for example with the measurement of gamma radiation; (3) the
indicator values of radioactivity vary with time in water from a single well and, therefore, much
more even between different water wells in a municipality; (4) all reverse osmosis WTPs with
water from wells built in steel must include pretreatments for the removal of iron from the
water, regardless of the results of the water quality analysis for iron; (5) all projects must include
the acquisition of meters for gamma radiation and radon in the environment, which must be
installed in the WTPs; (6) gamma radiation should be monitored on all elements of the WTPs;
and (7) the spaces where the WTPs are located will be as ventilated as possible to avoid radon
concentration and the vessels of the raw water tanks must be completely isolated from spaces
where the presence of workers is expected.

LIFE ALCHEMIA project

The aim of the project is to demonstrate sustainable technologies for the elimination of natural
radioactivity present in groundwater so that it can be subsequently used for urban purposes,
always ensuring compliance with Spanish regulations on water intended for human
consumption. It responds, in its origin, to a need arising from the continuous work of technical,
legal and economic advice to local authorities on issues related to the urban water cycle
provided by Diputacion de Almeria and to the question of whether there are viable alternative
technologies to reverse osmosis for the elimination of natural radioactivity in medium and small
populations.

For this, three DWT pilot plants have been executed using fixed bed filters filled with granular
materials in the province of Almeria (Alboloduy, Benizaldn and Tahal) and a fourth in Viimsi
(Estonia), in which hydrous manganese oxide is used to remove radioactivity. In addition, the
project includes the development of a database of DWTPs dealing with radioactivity in Europe;
the laboratory evaluation of the different granular products available for the elimination of
radioactivity; the evaluation of the useful life of materials used in the elimination of
radioactivity, its removal and disposal in landfills; exploitation studies and cost-benefit analysis
of existing pilot plants and osmosis plants, as well as analysis of their life cycle; analysis of
radiological safety in water treatment equipment and rejects; etc.
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RESULTS OF THE LIFE ALCHEMIA PROJECT: GENERAL CONSIDERATIONS
ABOUT THE HMO PILOT PLANT IN VIIMSI (ESTONIA)

Juri Bolobajev !

1 Tallinn University of Technology. Ehitajate tee 5, 19086, Tallinn. Department of Materials and Environmental
Technology. Juri.Bolobajev@taltech.ee.

Viimsi drinking water treatment plant (DWTP) is fed by Cambrian-Vendian groundwater with
elevated radium content. Besides the presence of radionuclides, groundwater consists of other
inorganic constituents, e.g. iron, manganese, and ammonium, the concentration of which
exceed the threshold limits stated by Estonian regulatory act on drinking water quality (table 1).

Parameter Raw water After treatment Threshold limit
(average conc.) (average conc.)

Fe, mg L 0.197 0.006 0.200
Mn, mg Lt 0.147 0.021 0.050
NHs*, mg L 0.654 0.057 0.500

Ra-226, Bq L! 0.359 0.075 -

Ra-228, Bq L 0.483 0.097 -
Indicative Dose (ID), mSv year? 0.317 0.065 0.100
pH 8.12 8.09 6.5-9.5
Conductivity, pS cm? 883 877 2500

Table 1. Average parametric values of water before and after treatment and corresponding
threshold limits.

It is important to mention here that a failure to meet an indicator parameter value does not
necessarily mean that there is a human health risk from the supply. A failure is a signal that there
may be a problem with the supply that needs investigation and consideration of whether there
is @ human health risk.

For example, iron is the second most abundant metal in the earth's crust. In drinking-water
supplies, iron (ll) salts are unstable and iron precipitates as insoluble iron hydroxide, which
settles out as a rust-coloured silt. Staining of laundry and plumbing may occur at concentrations
above 0.3 mg L™X. Manganese occurs naturally in many surface water and groundwater sources.
Similarly to iron, manganese is responsible for staining of laundry and plumbing. The maximum
desirable level of manganese is 0.05 mg L to avoid staining. At concentrations exceeding 0.1
mg L, the manganese ion imparts an undesirable taste to beverages. Despite NH4* is not
considered as a toxic substance as well, this ion is a major constituent of many contaminated
aquifers, and it is known to negatively influence the quality and usability of groundwater, i.e. at
certain conditions, the presence of the ammonium cation in raw water may result in drinking-
water containing nitrite. Therefore, reducing the concentration of these water constituents is
an essential part of maintaining drinking water quality.

The HMO-pilot plant was designed for removing radionuclides (Ra-226, Ra-228) as well as other
water constituents, i.e. Fe, Mn, and NH,*. This plant is situated in the filtration hall of drinking
water treatment plant (DWTP) of Viimsi Vesi AS. First, groundwater from borehole is directed
into the aeration column (figure 1). Aeration is often the first major process at the drinking water
treatment plants. Aeration is the process of bringing water and air into close contact in order to:
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remove dissolved gases, and saturate water with oxygen, which oxidizes Fe (ll) to insoluble iron
hydroxide.

After aeration, water goes to oxidation tank (contact tank), where HMO slurry/suspension is
injected. HMO slurry is known to adsorb radionuclides as well as to participate in catalytic
oxidation of manganese and iron. Manganese is known to be resistant for oxidation by oxygen
in aeration tank. Thus, manganese could be removed from water only after application of HMO.
The general aim of using the oxidation tank is getting the contact between water and HMO
particles. Afterwards, HMO particles are separated from water by means of conventional gravity
filtration. For that purpose, a sand filter is implemented. Filtration setup comprises a composite
filter packed with anthracite, sand, and gravel. During the exploitation of filter, HMO-particles
are accumulated in the upper part of filter bed, which causes the filter clogging. To prevent filter
clogging, a backwashing procedure was regularly complied. Backwashing procedure comprises
an intermittent addition of compressed air and water into the filter in backward direction. The
resultant backwash liquid was discharged next into the sewer.

e ol
IR harry

Figure 1. HMO pilot plant flow diagram.

As a result, as long as water passes through the treatment steps the concentrations of iron and
manganese decrease meeting the required concentration below threshold limit (table 1). With
respect to NH4*, it is important to mention that HMO process is not intended to remove
ammonium from water. However, the concentration of ammonium was successfully decreased
during the treatment. The process behind the removal of ammonium from water is called
biological nitrification of ammonium, where ammonium is oxidized stepwise to nitrite by
ammonium-oxidizing bacteria and then to nitrate by means of nitrite-oxidizing bacteria
consortium.

The results obtained from the pilot plant confirmed that HMO-technology may serve as an

effective tool to deal with the problems related to the elevated concentrations of Mn, Fe, NH4*
and Ra in groundwater.
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RESULTS OF THE LIFE ALCHEMIA PROJECT: RADIONUCLIDE REMOVAL
AT THE HMO PILOT PLANT IN VIIMSI (ESTONIA)

Siiri Salupere®, Taavi Vaasma' and Maria Leier*

LUniversity of Tartu. W. Ostwaldi str. 1, 50411 Tartu, Estonia. Institute of Physics. siiri.salupere@ut.ee.

Radionuclide removal by the HMO process

HMO is an acronym for hydrous manganese oxide. The HMO process is targeted at iron and
manganese removal from water, but it also removes other metal cations, for example radium
isotopes. The process consists of three main steps: aeration of raw water, addition of the HMO
slurry, and filtration of the resulting precipitate. The HMO slurry is a mixture of potassium
permanganate and manganese sulphate monohydrate dissolved in water. Manganese dioxide is
formed from the slurry. Due to the negative charge of the manganese particles, positively
charged radium ions are easily sorbed onto its surface. Iron and manganese present in the raw
water are oxidized into insoluble hydrous oxides particles which also sorb radium cations. The
insoluble particles get trapped by a filter column.

What does using a treatment technology that removes radionuclides mean for a water
treatment operator? On one hand, it means providing your clients clean drinking water which is
compliant with drinking water quality standards. On the other hand, one needs to keep in mind
that radium which is removed from the groundwater accumulates in the filter material. This may
occur up to an extent where the exemption levels for radioactive material are exceeded and the
filter material needs to be treated as NORM (Naturally Occurring Radioactive Material) waste at
the end of its lifetime.

Radium isotopes belong to naturally occurring radioactive decay chains. Radium-226 decays into
gaseous radon. It may escape the filter material and significantly increase the radon
concentration in the water treatment facility. Therefore it is important to pay attention on good
ventilation of the room. Radium-228 decays into thorium-228. The ingrowth of radionuclides in
the filter material also increases the gamma dose rate near the filter column.

The requirements for drinking water and NORM material are the basis for setting the objectives
for the HMO plant performance. The technology has to be optimized to remove as much radium
as needed to guarantee the parametric level of indicative dose in clean water. At the same time,
we are not aiming at removing as much radium from the groundwater as possible, because it
would result in higher radium accumulation in the filter material. Instead, the aim is to reduce
NORM accumulation.

Results of the HMO pilot plant experiments in Viimsi, Estonia

The HMO technology was tested on a pilot plant scale for 1,5 years in Viimsi, Estonia. Figure 1
illustrates the results of radium removal efficiency. Soon after starting the experiment it became
clear that the periodic dosing of the HMO slurry is not enough to achieve the needed radium
removal efficiency, although periodic dosing gave sufficient results in the lab scale experiments.
Continuous dosing with a HMO slurry dose rate 0,1 L/h gave more promising results, but the
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parametric value of the indicative dose was not met in all the samples. Doubling the HMO dose
rate enabled to get a very high and stable radium removal efficiency. Yet, it rose the question
whether this is an optimal use of reagents and an optimal solution in terms of radium
accumulation in the filter. Therefore an intermediate dose rate was finally chosen.
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Figure 1. Results of radium-228 removal efficiency from groundwater by the HMO pilot
plant in Viimsi, Estonia.

It became evident that the HMO technology is sensitive to temporal shut downs. The pilot device
was switched off for the summer period. After starting the operation again radium removal
efficiency had dropped significantly. It took about two weeks for the efficiency to rise again. On
the contrary, one can see a “memory effect” in the filter material which boosts the radium
removal efficiency if the system has been running in stable conditions for a longer time. Most
probably it is caused by manganese dioxide particles which stay trapped in the filter material
and continue to adsorb radium cations.

The filter needs to be regularly backwashed to prevent plugging of the filter material. Backwash
water washes out some of the precipitate formed in the HMO process. However, the
experimental results confirmed that most of the radium stays in the filter material and is not
removed. Dilution effect in the sewerage is strong enough that the backwash water can be
discharged directly to the sewerage.

The filter column in Viimsi pilot plant was packed with anthracite and sand. Radionuclides
accumulate more on the upper part of the filter. Exemption levels for radium isotopes were
exceeded in anthracite. Therefore, anthracite should be treated as NORM waste at the end of
filter lifetime. At the same time, exemption levels were not exceeded in sand. If it can be
separated from the anthracite layer, it can be disposed of as regular waste. This would reduce
significantly the amount of NORM waste. When comparing the results of the HMO-plant with
the technology that is currently applied in Viimsi, the NORM accumulation rates are considerably
lower.
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Conclusions

The experiments conducted as a part of the LIFE ALCHEMIA project enabled to define three main
points in the use of HMO technology for radionuclide removal.

e Continuous dosing of the HMO slurry ensured sufficient radium removal efficiency to
guarantee indicative dose below 0.10 mSv/year in the treated water.

e HMO-technology has a significantly lower NORM waste generation rate than the current
technology in Viimsi.

e Stable performance is achieved when the technology is operated continuously without
temporal shut downs.
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RESULTS OF THE LIFE ALCHEMIA PROJECT: PILOT PLANTS IN ALMERIA (SPAIN)

José Luis Casas Lépez’, Guadalupe Pinna Herndndez?, Isabel Maria Rodriguez Ruano® and
Fco. Javier Martinez Rodriguez?

1 University of Almeria - Solar Energy Research Center (CIESOL). Chemical Engineering Department. Carretera
Sacramento s/n, 04120 Almeria (Spain). jlcasas@ual.es / gpinnahernandez@ual.es / imrodriguez@ual.es.

2 Provincial Government of Almeria. Area of Development, Environment and Water. C/ Hermanos Machado, 27.
04004, Almeria (Spain). fmartinr@dipalme.org

LIFE ALCHEMIA pilot plants in Spain

In the province of Almeria, three pilot plants have been designed and built in the municipalities
of Alboloduy Benizalén and Tahal. Each of them has a treatment capacity of 10,8 m3/h, and have
been installed in series between the groundwater collection boreholes and the reverse osmosis
plants in service that supply the aforementioned municipalities, in order to ensure the quality
of the water that supplies the population and comply with the parametric values set out in
Directive 2013/51/EURATOM. The consolidated text in force that transposes Directive
2013/51/EURATOM into Spanish legislation is Royal Decree 140/2003, which establishes health
criteria for the quality of drinking water.

Due to the geological characteristics of these municipalities, the groundwater that flows
between the different subsoil strata reaches levels of total alpha activity higher than the
parametric value established in the current legislation (Royal Decree 140/2003), with
predominant levels of natural radium radionuclides (Ra-226 and Ra-228) and uranium
radionuclides (U-234 and U-238).

The general configuration of the LIFE ALCHEMIA pilot plants is shown in figure 1. They are
composed of a preliminary raw water storage tank, which has an aeration system, and two
filtration tanks containing different granular filter materials, mainly based on natural zeolites
coated with manganese dioxide. During the filtering operation the selected beds favour the
oxidation of metal cations such as iron and manganese leading to precipitation and retention in
the bed together with Ra and U radionuclides.

The water used for the daily backwashing of the filter material comes from the supply municipal
reservoirs of the respective populations. Both filter tanks have independent backwashing
systems. The backwash water enters at the base of the filter tanks and exits at the top of the
filters. This water is incorporated into the existing sanitation network of the DWTP by reverse
osmosis in service, to be subsequently treated in the corresponding treatment plant.

The purpose of water washing is to keep the filter beds in good conditions, avoiding the
formation of preferential paths in the bed, as well as to remove the precipitates formed during
the filtration operation. However, this is not enough to remove the natural radionuclides that
remain adsorbed on the filtering material, so it is necessary to carry out chemical regeneration
processes from time to time in order to reduce the radionuclide content and to avoid that these
NORM materials are managed as radioactive waste when they reach the end of their useful life.
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Figura 1. General scheme of the LIFE ALCHEMIA pilot plants in Almeria.

Radionuclide removal

After several months of operation, the first analytical results conclude that the total indicative
dose has been reduced by more than 65%, achieving elimination percentages for the
radioisotopes Ra-226 and Ra-228 of 87% and 77%, and 43% and 44% in the case of U-234 and
U-238. The results have shown a close relationship between the elimination of Fe and the
elimination of Ra and U, so that a high concentration of Fe in the water improves the efficiency
of the process.

Evolution of the state of filter materials

The accumulation of Ra and U in the filter materials has been monitored and the need to
regenerate the beds by chemical processes every 2.000 — 2.500 m? of treated water has been
established. A treatment based on washing with saturated KCl solutions has been used, which
has allowed to reduce the radionuclide content of Ra and U by about 60%. The results show that
despite the accumulation of radionuclides in the filter materials, the working environment does
not pose the slightest radiological risk to the operators.

Water and energy efficiency

The current reverse osmosis treatment systems have rejection volumes ranging from 37-42%,
compared to the 10% obtained in the pilot plants of Alboloduy and Tahal, which represent an
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average reduction in water consumption of 74%. In contrast, in the Benizaldn pilot plant there
is only a 35% reduction in the consumption of water resources. The pilot plants have scheduled
daily washings in order to guarantee the good conditions of the filter materials. However, this
principle of conservation means that the rejection percentages of the Benizaldn pilot plant rise
to 24%, as it has a lower demand for treated water than the other pilot plants, a consequence
of the small number of inhabitants in the municipality. Similarly, energy consumption has been
reduced by 83%, without considering the savings derived from the reduction in the volume
extracted from the boreholes.

Conclusions

The LIFE ALCHEMIA project proposes treatments for the elimination of natural radioactivity in
groundwater as an alternative to reverse osmosis. The results of the project show the feasibility
of treatment using filter beds based on zeolites coated with manganese oxide, the performance
of which is conditioned by the composition of the water to be treated. From the point of view
of efficiency, the proposed process considerably reduces the water and energy consumption
derived from the treatment.
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DEMONSTRATION PROJECT FOR GROUNDWATER TREATMENT WITH AN
INNOVATIVE SYSTEM BASED ON AEROBIC GRANULAR TECHNOLOGY

Francisco Javier Garcia Martinez?, Jests Gonzdlez Lépez?, Miguel Hurtado Martinez?, Fernando
Alguacil Duarte?, Francisco José Gonzdlez Gomez? and M? Caridad Ruiz Valero*

1Provincial Government of Granada. jgarcia@dipgra.es / caridadruizvalero@dipgra.es

2 University of Granada. jgl@ugr.es / miguelhm@ugr.es / fcojose@ugr.es / falguacil@correo.ugr.es

Context and environmental problem

Water pollution by nitrates of agricultural origin is a widespread environmental problem
throughout the world. In the province of Granada, the municipality of Torre Cardela had nitrate
concentrations of more than 50 mg/l in water intended for human consumption, a value
established as a limit in the legislation on the quality of water for human consumption, above
which the water can be declared unfit for human consumption. As a solution to the problem of
nitrate pollution, reverse osmosis systems have mainly been used. This is an effective but
economically costly solution for small municipalities and involves greater consumption of water,
a scarce resource in our territory.

The project LIFE ECOGRANULARWATER proposed, through the LIFE 2016 call, an innovative
project based on a biological method that uses aerobic granular technology for the elimination
of nitrates and other pollutants present in water intended for human consumption. The project
is coordinated by the Diputacién de Granada and involves as beneficiary partners the University
of Granada, the University of Aalto in Finland and the companies Construcciones Otero SL and
Gedar SL. The project began in September 2017 and will end in September 2021. It has a budget
of 995.000 €, of which 546.113 € is provided by the LIFE Programme of the European Union.

Aerobic granular system proposed by LIFE ECOGRANULARWATER

Three bioreactors have been installed in Torre Cardela, in the province of Granada, which have
been inoculated with granules formed in the laboratory from wastewater treatment plant
sludge. The system operates sequentially in four phases: filling, aeration, settling and emptying.
In each cycle, 65 % of the volume of the bioreactor is discharged. The treated water is then
filtered through a sand filter where any organic matter that may have left the bioreactor is
retained. Afterwards, the water would pass to the main tank where the chlorination process
takes place. The sand filter is periodically washed and the wash water is passed to an artificial
wetland for pre-treatment prior to discharge.

In order for biological denitrification to occur, a carbon source must be added to the
groundwater. From the tests carried out, sodium acetate, added at a concentration of 100 mg/I,
has shown the best performance. Salts such as potassium chloride, magnesium sulphate, di-
potassium hydrogen phosphate, among others, are also introduced. The operating conditions
have been optimised over time, reaching cycles of 2 hours and adding up to a total of 12 cycles
per day.
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Figure 1. Scheme of the biological plant.

Results

Analysing the nitrate concentration of the inlet and outlet water of the system, nitrate removal
efficiencies of around 80% have been obtained. To achieve this performance, the granules must
be mature and have adequate aeration. In addition, the system has a performance of over 95%
in organic matter removal.

To control the presence of microorganisms in the outlet water, colony-forming unit counts have
been carried out, both at the inlet and outlet. In the following table:

Countat24h Colonies average at 372C Colonies average at 222C
Inlet water 110 > 300
Filter outlet water 1 7

Table 1. Colony forming units in water.

Likewise, the ecotoxicity studies carried out to date have not detected any toxins in the output
water. On the other hand, economic studies have been carried out to compare the investment,
exploitation and environmental costs of reverse osmosis and the proposed new biological
system. The data obtained show that the costs of the new system are 47% lower than those of
reverse osmosis, mainly due to lower energy consumption and a high reduction in the volume
of reject water from the biological system. The life cycle analyses of both systems are also
favourable to the biological system, resulting, in the treatment of one cubic metre of water, a
carbon footprint for reverse osmosis of 2.5 times the footprint of the biological plant. The same
magnitude also results from the environmental footprint analysis, which also considers other
environmental impacts.
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In conclusion, we highlight that the technology proposed by LIFE ECOGRANULARWATER consists
of a biological system designed for the treatment of drinking water in small populations, efficient
in the elimination of nitrates under conditions of total biosafety. It is an environmentally and
economically more advantageous system than reverse osmosis, as it involves lower operating
costs, as well as a smaller environmental and carbon footprint, as can be seen from the studies
carried out.
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DIRECTIVA 2013/51/EURATOM DEL CONSEJO

de 22 de octubre de 2013, por la que se

establecen requisitos para la proteccion
sanitaria de la poblacion con respecto a las
sustancias radiactivas en las aguas destinadas

al consumo humano.

TRANSPONE

BOE n2 183 de 30 de julio del 2016, en el que
se publica el Real Decreto 314/2016, de 29 de
julio, por el que se modifican el Real Decreto
140/2003, de 7 de febrero, por el que se
establecen los criterios sanitarios de Ila
calidad del agua de consumo humano

MEDIDAS DE CRIBADO: ¢Las aguas de consumo cumplen o no los siguientes niveles de referencia?

Parametro Valor paramétrico Unidad
Radoen............. 500 Bqg/l
Tritio . . ............ 100 Bg/l
Dosis indicativa (DI) . . 0,10 msSv

Parametro | Valor paramétrico Unidad
a - total 0,1 Bq/I
B - resto 1,0 Ba/l

Sl los cumplen: Entonces se aplica el R.D.
314/2016, Anexo VII. 1. a:

“Si la concentracion de actividad alfa total es
inferior a 0,1 Bq/l y la concentracion de actividad
beta total o beta resto (beta total excluido el
potasio-40) es inferior a 1,0 Bq/l se puede
considerar que la DI es inferior a 0,1 mSv. Si,
ademas, la concentracion de actividad del tritio es
inferior a 100 Bgq/l no deberdn realizarse
investigaciones radioldgicas adicionales.”
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NO los cumplen: Entonces se aplica el R.D. 314/2016, Anexo VII. 1.:

b) Si la concentracion de actividad alfa total o beta resto es superior a 0,1 Bq/l y 1,0 Bq/l respectivamente, y la concentracion de
actividad de tritio es inferior a 100 Bq/l, se deberd realizar un andlisis de radionucleidos especificos, primero naturales y después
artificiales si fuese el caso.

c) Si la concentracion de actividad alfa total es inferior a 0,1 Bg/l y la concentracion de actividad beta total o beta resto es inferior a
1,0 Bqg/l, y la concentracion de actividad de tritio es superior a 100 Bq/l, se realizard un andlisis de radionucleidos especificos
artificiales.

d) Si la concentracion de actividad alfa total o beta resto es superior a 0,1 Bg/l y 1,0 Bqg/l, respectivamente, y la concentracion de
actividad de tritio es superior a 100 Bq/|, se deberd realizar un andlisis de radionucleidos especificos naturales y artificiales.

Concentraciones derivadas para la radiactividad en el agua destinada al consumo
humano (Nota 1)

Origen MNucleido Concentracion dernivada
Natural. U-238 (Nota 2) 3.0 Bg/l
U-234 (Nota 2) 2,8 Bq/l
Ra-226 0,5 Byg/l
Ra-228 0.2 Bq/l
Ph-210 0,2 Bq/l
Po-210 0,1 Bg/l

C-14 240 Bq/l
Sr-90
u-239/Pu-240

Canrdenadas UTH (huso 30)
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2. Niveles detectados para los radionuclidos naturales en las aguas de consumo

v’ Hemos recopilado los resultados de los niveles radiactivos de las aguas de consumo analizadas por el
LARUEX durante 2020 y 2021 en toda la Peninsula Ibérica, de las que desconocemos su procedencia concreta:

N2 aguas ensayo “basal”: 1299 N€ aguas con A(atotal >0,1 Bg/l) = 75 === ¢| 5,8% del total
COMPARACION U-234 FRENTE RA-226 TODAS las aguas con A(atotal) > 0,1 Bg/I de origen
SUBTERRANEO.
DESEQUILIBRIO ISOTOPICO
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CONCLUSIONES:

1. Las aguas con problemas “serios” por sus contenidos radiactivos naturales son relativamente
llpocasﬂ

2. Son aguas subterraneas que abastecen normalmente a pequenas poblaciones.

Por las caracteristicas de los nucleos abastecidos:
* Suelen NO tener suministros alternativos econdmicamente viables
* Suelen NO tener capacidad técnica para soluciones tecnolégicamente complejas.

3. Acciones de remedio para aguas que superan el nivel de referencia de dosis
por ingesta

v Estas son ESTRICTAMENTE necesarias para aquellas aguas, que una vez calculada la
actividades de los radionucleidos principalmente responsables de la elevada actividad atotal
detectada, la dosis por ingesta resulta ser superior a 0,1 mSv/a.

v En el ejemplo antes planteado afecta a 12 de las 1299 aguas ensayadas.
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Poblaciones con ETAP

Poblaciones sin ETAP

> Actuacion en las Reacciones quimicas
durante la potabilizacion.

> Actuacion en la parte fisica de la
potabilizacion: Adsorcion

» Actuacion en la parte fisica de la
potabilizacion: Adsorcion

> Meétodos de potabilizacion especificos:
OSmosis inversa.

A pesar de sus obvios inconvenientes (coste del agua producida, necesidad de
personal técnico especialista para su funcionamiento), con frecuencia es la solucidn

implantada en algunas pequenas poblaciones con altas contenidos radiactivos
naturales en sus aguas
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Actuacion en las Reacciones quimicas durante la potabilizacion:

v'Eliminaciones practicamente independiente del tratamiento (coagulador / floculador) empleado

v Eliminaciones dependientes de las caracteristicas quimicas mayoritarias del agua potabilizada
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pH

> Unico requisito: pH = 6

» Procedimiento de facil
aplicacion

» Obtencion de buenas
eliminaciones 50-80%

> Unico requisito: pH > 10
» Procedimiento con
dificultades operativas
» Obtencion de buenas

eliminaciones 64-80%
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| Actuacién en la parte Fisica de la

potabilizacion: Adsorcion 100 1

'?11 A\ \1 |

| '\1..'__ = 4

ADSORBENTE: ARENA VERDE DE MANGANESO:

v'Alta adsorcion selectiva
para el radio
v’ Lenta colmatacion

% Eliminacion de Radio

ELIMINACIONES > 70% PARA
40.000 L DE AGUA Y 10 KG DE
ARENA VERDE DE MANGANESO

PROCEDIMIENTO PATENTADO CON EL
CONSEJO DE SEGURIDAD NUCLEAR

% Eliminacion de **Ra

100 -

90 -

70 4
601
50 1
40 ]
30
20

10 4

804"

Volumen filtrado {L)

—1r - r - 1+ 1T ~ 1" 1" T * T T+ 1
5000 10000 415000 20000 25000 30000 35000 40000 45000

Volumen filtrado (L)

v’ Posibilidad de
regeneracion,
manteniendo sus
capacidades
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4. Implicaciones de la aplicacion de estos tratamientos

“Los contenidos radiactivos eliminados del agua NO DESAPARECEN, cambian de medio receptor”

4.a.- Actuacion en las Reacciones quimicas durante la potablllzacmn FANGOS GENERADOS

60 -
a)

1. Concentraciones finales de URANIO en fangos pueden
superar el 1 Bq/qg

2. Frecuente uso en agricultura como fertilizante y como
enmienda de determinados suelos

3. Preferente localizacion del URANIO en la fraccion o
reducible de los fangos (F4 > 35% del total), dada la

poca presencia de bicarbonatos en esta agua. En las que

si las hay, la fraccion dominante es la carbonatada o F3 '

4.b.- Actuacidn en la parte fisica de la potabilizacidn: LECHOS FILTRANTES VY en su caso,
LIQUIDOS GENERADOS DURANTE LA REGENERACION

L
—
—

40

FErcEntage of thE tutal content (%)

=)




——iExp. reut 1: V(L)=40000

Dosis (microSv/h)

Dias

v'El radio se asocia principalmente al didéxido de
manganeso, por lo que en la especiacion se localiza en
la fraccion 4A o “facilmente reducible”

v'Por ello, tras tres lavados, se extrae del lecho filtrante
= 63% del radio

b

TN
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EJEMPLO:

El uso continuado del adsorbente,
produce un incremento de tasa de
dosis de 0,15mSv/ano (considerando
8h/d y 11 meses de funcionamiento)

226

Ra
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% “*Ra extraido de la arena verde de manganeso

Fracciones de la especiacion




REQUERIMIENTOS LEGALES DE LAS INSTALACIONES DE TRATAMIENTO DE
AGUAS SUBTERRANEAS

Beairiz Robles Atienza
Subdireccion de Proteccion Radiolédgica Ambiental
Area de Radiacién Natural

CSN




REQUERIMIENTOS LEGALES DE LAS INSTALACIONES DE TRATAMIENTO DE AGUAS
SUBTERRANEAS

Contenido:

Generalidades

Marco Normativo actual

Adaptacion a la Directiva 2013/59/EURATOM
Situacion actual de cumplimiento de la Normativa
Implementacion
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1. Se produce un aumento en las concentraciones de actividad

2. Se modifican las vias de exposicion o el numero de personas expuestas
3. Se transportan materiales de un lugar a otro

4. Se incrementa la biodisponibilidad de los radioisétopos




® Cadena U-238 1mmmmPp 4.5 * 109 asios

® CadenaTh-232 immmmdPpr 1.4 * 1020 snos

® Cadena U-235 ||~ 7.0 * 108 afios

® K-40 i 1.3 * 109 afios
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Cadena U-238 Cadena Th-232
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Caracteristicas comunes de las industrias NORM

En general el principal problema son las grandes cantidades de materias primas, subproductos y residuos,
del orden de millones de toneladas anuales que utilizan y producen.

. Se trata de los mismos radionucleidos que se encuentran de forma ubicua en |la naturaleza, y por tanto
indistinguibles.

Los procesos industriales a los que se someten las materias primas rompen el equilibrio secular de las
cadenas naturales y se producen acumulaciones selectivas de los radionucleidos en los diferentes
productos, residuos y equipos (tuberias, bombas, filtros...)

No existen estudios que describan la situacion anterior al inicio de la operacion.

Las industrias no tienen como fin el uso de esas materias con concentraciones en radiactividad
incrementadas.

Habitualmente la alteracion en la concentracion de actividad conlleva la alteracion en otros elementos
qguimicos. Por tanto los NORM suelen llevar asociados otros contaminantes no radiactivos.



Articulo 62. Aplicacion

Establece que los titulares de las actividades laborales no reguladas en las
que exista fuentes naturales de radiacion, deberan declarar estas
actividades antes los drganos competentes en materia de industria de las
CCAA en cuyo territorio se realizan estas actividades laborales y realizar los
estudios necesarios a fin de determinar si existe un incremento significativo
de la exposicion de los trabajadores o de los miembros del publico que no
pueda considerarse despreciable desde el punto de vista de la PR
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El 21 Diciembre 2011 el Pleno del CSN aprobo los criterios
radiolégicos sobre los siguientes aspectos:

= Actividades laborales que deberian ser objeto de estudio.

o &5

=  Contenido de los distintos estudios.

= Valores de dosis para los trabajadores cuya superacion requeria la
aplicacion de medidas correctoras. Industrias NORM.
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= Concentraciones de %2°Rn en lugares de trabajo y viviendas.

= Criterios sobre la aplicacion de medidas de proteccion radiolégica de
acuerdo, total o parcialmente con los titulos Il, IlI, IV y V.

1IS-33 (de 26 de enero de 2012) Instruccion del CSN sobre criterios radiolégicos para la

proteccion frente a la exposicion a la radiacion natural




Life
ALCHEMIA

IS-33 (de 26 de enero de 2012) Instruccion del CSN
sobre criterios radioldgicos para la proteccion frente
a la exposicion a la radiacion natural

Establece criterios radiologicos sobre: valores de
dosis a los trabajadores y concentraciones de Rn en
lugares de trabajo cuya superacion requeriria la
adopcion de medidas correctoras o dispositivos de
vigilancia, asi como criterios para la aplicacion total o
parcial de los Titulos de RPSRI si estos se han
superado.

Senala como los datos minimos que debe de tener la
declaracion de actividades y un Anexo con las
actividades laborales sobre las que aplica.




ife Actividades Laborales con
e

SALCHEMIA  exposicion a la radiacién Natural
Listado actual - IS-33

—

. . *¢* Produccién de niobio y ferro-niobio
** Establecimientos termales

. , ** Produccién de cemento
*%* Cuevas y galerias

. . , +*¢* Produccion de gas y petréleo
** Instalaciones de filtrado de aquas subterrdneas * gasyp

** Produccién de cemento y mantenimiento de

+** Mineria de minerales (no U) hornos Clinker

+* Lugares de trabajo subterraneos o no subterraneos
en areas identificadas por sus valores elevados en
radon ** Industria del fosfato

** Fabricacion de pigmentos de TiO,

** Extraccion de tierras raras *%* Industria del zirconio

** Produccién y utilizacién del torio y sus compuestos ** Produccién de estafio, cobre, aluminio,
hierro, acero, cincy plomo

** Centrales térmicas de carbdn.




SSIMSREE] Criterios radiolégicos. NORM

Trabajadores > 1 mSv/ano: nivel bajo de control regulador
= Vigilancia radiologica del ambiente de trabajo
= Estimacion anual de dosis efectivas individuales

» |Informacion y formacion a los trabajadores

= Archivo de la documentacion

> 6 mSv/ano: nivel alto de control regulador

= Sefalizacion de zonas

= Limitacidn de accesos

Publico 0.3 mSv/afio
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Criterios radiologicos. Radon

Lugares de trabajo

Nivel de referencia 600 Bg/m3

< 600 No necesario control

600-1000 Nivel bajo de control

> 1000 Nivel alto de control

Nivel objetivo de diseno nuevos edificios
100 Bg/m3
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Niveles de Exencidn / Desclasificacion KBg/Kg (Bg/g)

Todos Lodos
Radionucleido los industria gas CSN GS 11.02 OM IET/1946/2013
materiales y petrdleo
U-238 sec incl. U-235 sec 0.5 5
U nat. 5 100 . . . 0
- " o Radiation Protection n2 122 parte |l
Ra-226+ 0.5 5
Pb-210+ 5 100
Po-20 2 s Si los valores de actividad de los
U-235 sec 1 10 . .
—— - — materiales o0 residuos no
Pa-231 : 50 superan los valores de
Ac22r ' + exencion, no es necesario
Th-232 sec 0.5 5 . .
I : 100 llevar a cabo medidas ni
Ra-228+ 1 10 estudios adicionales
Th-228+ 0.5 5

K-40 S 100
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Guia del CSN GS-11.01: Directrices sobre Ila
competencia de los laboratorios y servicios de
medida de raddn en aire

El objeto es dar una serie de directrices sobre las actividades y
los programas de garantia de calidad de los laboratorios o
servicios dedicados a la medida de la concentracion en aire de
22?Rn. En la mayoria de sus apartados, la guia también es
aplicable a la medida de sus descendientes de vida corta. Las
recomendaciones realizadas estan encaminadas a alcanzar un
mayor grado de homogeneidad en los programas de medida de
radon llevados a cabo en Espana y a garantizar la fiabilidad de
los resultados obtenidos, lo cual revertira en una aplicacion mas
efectiva de la legislacion vigente relativa a la exposicion a dicho
gas
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Guia del CSN GS-11.01: Directrices sobre Ila
competencia de los laboratorios y servicios de
medida de raddn en aire

El objeto es dar una serie de directrices sobre las actividades y
los programas de garantia de calidad de los laboratorios o
servicios dedicados a la medida de la concentracion en aire de
22?Rn. En la mayoria de sus apartados, la guia también es
aplicable a la medida de sus descendientes de vida corta. Las
recomendaciones realizadas estan encaminadas a alcanzar un
mayor grado de homogeneidad en los programas de medida de
radon llevados a cabo en Espana y a garantizar la fiabilidad de
los resultados obtenidos, lo cual revertira en una aplicacion mas
efectiva de la legislacion vigente relativa a la exposicion a dicho
gas
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Guia del CSN GS-11.3: Metodologia para la evaluacion
del impacto radiologico de las industrias NORM

El proposito de esta guia es recomendar una serie de criterios en
cuanto al contenido y a la metodologia a sequir en los estudios que
deben realizar, en cumplimiento del titulo VIl del Real Decreto
783/2001, de 6 de julio, los titulares de las denominadas industrias
NORM. Bien por la actividad de los radionucleidos naturales en la
materia prima, bien por fenomenos de concentracion en el proceso
industrial, pueden producirse exposiciones del publico o de los
trabajadores que sean significativas desde el punto de vista de la
proteccion radiologica

CSN

COMSEID DE
SEGURIDAD NUCLEAR
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Guia del CSN GS-11.4: Metodologia para la evaluacion
de la exposicion al radon en los lugares de trabajo

El objetivo de esta guia es establecer una serie de criterios
metodologicos para los estudios que, en virtud del titulo VII del
Reglamento de Proteccion Sanitaria contra Radiaciones
lonizantes (RPSRI), deben realizar los titulares de las actividades
laborales en las que exista un considerable riesgo potencial de
exposicion al raddn (?’’Rn) y a sus descendientes de vida corta.

La finalidad principal de los estudios es determinar si la
concentracion media anual de radon a la que estan expuestos
los trabajadores o el publico supera el nivel de referencia

correspondiente.
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Orden IET/1946/2013 de 17 de octubre por la que se regula la gestion de los residuos generados en las actividades
que utilizan materiales que contienen radionucleidos naturales.

ANEXO
El objeto de la presente orden es regular la gestion de los residuos que contengan Niveles de Exencion / Desclasificacion
radionucleidos naturales, denominados “residuos NORM”, entendiendo por tales KBa/Kg (Ba/g)
aquellos materiales o productos de desecho para los cuales el titular de la actividad en Todos odos
la que se generan no prevea ningun uso, debiendo por tanto ser objeto de una gestion Radionucleido los industria gas
materiales y petrdleo
adecuada U-238 sec incl. U-235 sec 0.5 5
] o . . U nat. 5 100
Previamente a la toma de decisiones sobre la gestion de los residuos NORM se deben Th-230 10 100
llevar a cabo los estudios requeridos en el articulo 62 del RPSRI y en la Instruccion del Ra-226+ 08 8
. . Pb-210+ 5 100
Consejo de Seguridad Nuclear que lo desarrolla, 1S-33 50210 . 100
) ) ) . S ] U-235 sec 1 10
Si, como consecuencia de la caracterizacion radiologica de los residuos NORM, se | U235 + 5 50
verifica que presentan contenido o contaminacion de radionucleidos en valores | Pa-231 5 50
Ac-227+ 1 10

inferiores o iguales a los niveles establecidos en el Anexo de esta orden, podran ser
gestionados por vias convencionales, de acuerdo con la normativa de gestion que les
sea de aplicacion
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Adaptacion a la nueva normativa
Directiva 2013/59/EURATOM

Proyecto Real Decreto
Reglamento sobre
proteccion de la salud
contra los riesgos
derivados de la
exposicion a las
radiaciones ionizantes

*

)

LEGISLACION CONSOLIDADA

o
s Real Decreto 1836/1999, de 3 de diciembre, por el que se aprueba el
Reglamento sobre instalaciones nucleares y radiactivas.

‘ Ministerio de Industria y Energia

LEGISLACION CONSOLIDADA

Real Decreto 783/2001, de 6 de julio, por el que se aprueba el
Reglamento sobre proteccion sanitaria contra radiaciones ionizantes.

Ministerio de la Presidencia
«BOE» nim. 178, de 26 de julio de 2001
Referencia: BOE-A-2001-14555

TEXTO CONSOLIDADO
Ultima modificacion: 18 de noviembre de 2010
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DIRECTIVA 2013/59/EURATOM

Industrias NORM equiparadas al resto de practicas. Situacion de exposicion planificada

Nuevos sectores: toda la minera metalica, energia
geotérmica, tratamiento de agua ...

Control gradual

» Notificacion/Exencion

» Autorizacion (registro, licencia)

RADON: situacion de exposicidn existente
» Notificacion: > 300 Bg/m?3

» Trabajadores expuestos: > 6 mSv

Tipos de lugares de trabajo y zonas
geograficas con mayor riesgo




Situaciones existentes. Exposicion al radén

Lugar de trabajo

Exposicion de los detectores —

Lugar de trabajo

> 300 Bq m
o
(a
Medidas para disminuir la g
concentracion de radon o la =
exposicion de los 2
trabajadores N
£
Lugar de trabajo =
O
Lugar de trabajo
o Reevaluacion dela
o : ,._ concentracion de
El lugar de trabajo quedara sujeto al L
| Lugar de trabaj jo raddn

cumplimiento de los art. del -
Reglamento como si fuera una situacion _
Reglamento com | uac . >300Bqm?

de exposicion planificada




Listado propuesto — RIRN

Listado de sectores industriales (incluyendo los procesos secundarios
asociados) en los que se procesa o genera material radiactivo de origen

natural

+s* Extraccion de tierras raras

** Producciéon de compuestos de torio y fabricacién

de productos que contienen torio
*¢* Produccién de niobio/tantalio
** Produccién de gas y petréleo

** Produccién de energia geotérmica (excluido el
uso domeéstico

** Fabricacion de pigmentos de TiO,
*** Mineria y procesamiento de roca fosfatica
** Procesamiento de silicato y éxido de circonio

** Produccién de cemento y mantenimiento de
hornos Clinker

*¢* Produccién de energia termoeléctrica a partir
de carbdn

*%* Produccion de cemento

*¢* Produccién primaria de hierro/acero, estafio,
cobre y aluminio

** Instalaciones de filtracion de aguas
subterraneas (*)

*** Mineria y procesamiento de minerales
metalicos distintos de los del U

** Fabricacién de papel y pasta de papel (*)
** Extraccion de caolin (*)

(*) sectores nuevos
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Instalaciones de filtracion de aguas subterraneas

v Se generan residuos durante el tratamiento del agua para consumo
humano como son: lodos, filtros, resinas de intercambio ionico, filtros de
carbon activo...

v’ Su actividad varia considerablemente en funcidn de las aguas tratadas.

Radionucleido Actividad eipecmca
(Bgg™)

Pb-210 0.208
Ra-226 1.29

Ra-228 1.102
Th-228 0.316

U-238 0.425
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| Situacion actual

* Inscripcion en el Registro de la CCAA

 Realizacion de un estudio de riesgo radiologico

Control regulador

Revision cada 5 anos

> CATEGORIZAR la actividad laboral

> Enfasis en la OPTIMIZACION

> INFORMACION a los trabajadores
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- Implementacion

PROBLEMAS

# 1 Pobre cumplimiento

e Desconocimiento
* Actitud expectante

* Incumplimiento deliberado




Implementacion

Actuaciones

Informacion y apoyo » Campafias informativas

 Envio de cartas personalizadas
 Contacto con asociaciones empresariales

* Promocion en otros 6rganos competentes

Régimen sancionador
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~ Implementacion

Actuaciones

Evaluacidon e inspeccion

Titulo VII Reglamento sobre Proteccion Sanitaria contra Radiaciones
lonizantes

v Instalaciones NORM

4 Lugares de trabajo con especial exposicion al radon
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Life
Bicrema y
: Implementacion

Problemas

#2 Calidad de los estudios

e (Categorizar la actividad laboral
 Optimizar la proteccion
 Informar a los trabajadores




Life

ALCHEMIA >
. Implementacion

Actuaciones

Unidades técnicas de proteccion radiologica (UTPRs)
e Autorizadas e inspeccionadas por el CSN

 Recursos humanos, medios técnicos y procedimientos

» Formacion / cualificacidn

» Revisar Instrucciones y Guias de aplicacion

» Editar nuevas guias




ALCHEMIA W
Implementacion

El actual marco regulador se esta adaptando a los requisitos de la

Directiva 2013/59/Euratom y debe desarrollarse en detalle

Para asegurar la IMPLEMENTACION hay que concentrar esfuerzos en:

* Promover |la cooperacion entre administraciones Pl
o e
 Colaborar con las industrias afectadas 213

* Elaborar guias de buenas practicas sectoriales a

 Favorecer la formacion y especializacion de las UTPRs A




GESTION DE RESIDUOS NORM:
INSTALACIONES DE TRATAMIENTO DE AGUAS
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GESTION DE RESIDUOS NORM: INSTALACIONES DE TRATAMIENTO DE AGUAS

e Qué es NORM
e @Gestion convencional de residuos NORM

* Ejemplos de gestion y valorizacion de residuos NORM
* Residuos NORM de ETAPs



| (RADIACTIVIDAD NATURAL J
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Rayos cosmicos.

Radioisdtopos naturales en los materiales.
Separacion de radioisotopos no intencionada. _
Incremento de las exposiciones no intencionada. Fog-3. o vk Mekenman enving Boekinghan

Pilive, Angniesd 25, 1937, atver Uhe QB L wn
tonietved an My Lénnan by King Gesigs V.

NORM (TRS 419): Todos aquellos materiales cuya radiactividad tiene una procedencia natural

pero en los que alguna actividad humana ha incrementado el potencial de exposicion en
comparacion con la situacion inalterada.




LA NORMATIVA INCLUYO EN 1996 LA RADIACTIVIDAD NATURAL

L TITULO VI

Incrementos Significativos en la Exposicidon Debido a las Fuentes Naturales de Radiacidon

Actividades laborales con exposicion a descendientes del tordn, raddn o a radiacion gamma en SPAs, Cuevas,
Minas...

Actividades l|aborales afectadas por materiales generalmente no considerados
radiactivos pero que contienen radionucleidos naturales en concentraciones que
suponen un incremento significativo de la exposicion.

Actividades laborales que producen residuos generalmente no considerados radiactivos
pero que contienen radionucleidos naturales que pueden causar un incremento
significativo en la exposicion.

Operaciones aéreas.




[Control de exposiciones - Exclusion, Exencion y Dispensa.

Externa Interna

Trabajadores ExclusionExencionDispensa
Medio ambiente
Usos médicos
Usos industrigles
NORM

T.F. Gesell y H. M. Prichard. “The Tecnologically enhanced natural radiation
environment.” Health Physics. Vol 28. pp 361-366. North Ireland. 1975




: ' |éCudles son las industrias NORM?.

| 2013/59/EURATOM . s3_

~ Extraccion de tierras raras a partir de monacita
Produccién de compuestos de torio y fabricacién de
productos que contienen torio

Procesamiento de mineral de niobio/tantalio

Produccidon de petrdleo y gas

Produccion de cemento, mantenimiento de hornos de
clinker

Produccion de pigmentos de TiO,

- Produccién de acido fosforico

- Produccion térmica de fésforo

- Produccién de fertilizantes fosfatados

Industria del circén y circonio

- Produccién primaria de hierro

- Fundicion de estafio/plomo/cobre

Centrales eléctricas de carbon, mantenimiento de
calderas

Produccién de energia geotérmica

Extraccion de minerales distintos de los del uranio

Instalaciones de filtracion de aguas subterraneas

Extraccion de tierras raras
Produccidn y utilizacidn del torio y sus compuestos

Produccidén de niobio y ferro-niobio
Produccion de gas y petrdleo

Produccién de cemento, mantenimiento de hornos "clinker"
Fabricacion de pigmentos de didxido de titanio

Industria del fosfato (produccion de 4cido fosforico vy
fertilizantes fosfatados)

Industria del zirconio
Produccién de estaino, cobre, aluminio, hierro, acero, cinc y
plomo

Centrales térmicas de carbon



¢Como se gestionan los residuos industriales?.

¢ Practicamente todos los procesos industriales generan residuos.

¢ Debemos tener en cuenta los residuos solidos, liquidos y gaseosos.

¢ De acuerdo con la normativa espanola se debe llevar a cabo una caracterizacion de las
propiedades quimicas y fisicas de los materiales solidos.

¢ Se debe contemplar una minimizacién de los residuos mediante técnicas como el reciclado, la
incineracion u otras.

¢ Los residuos sélidos deben categorizarse en funcién de su contenido en elementos téxicos
organicos o inorganicos. (Niveles de toxicidad)

¢ Hay muchos métodos para gestionar los residuos solidos convencionales (no radiactivos)



The waste hierarchy

reduce waste generation
and hazardous components
in products

Non waste reuse / re-manufacture

end-of-life products and

prepare waste for reuse

reprocess waste for use as a
secondary raw material or
a new product
use waste as fuel in energy
and heat production

landfill and incinerate waste
)§a| Wwithout energy recovery

Source. OECD based on various other sources.

Directive 2008/98/EC on waste (Waste Framework Directive)



Waste treatment by type of recovery and disposal, 2018
(% of total treatment)

100 — R _
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40
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10

MNorway
|celand
Serbia

Bulgaria
Montenegro
Kosovo® (%)

Cenmark
Slovakia
Lithuania
Romania
Turkey (%)

Netherlands
Luxembourg

=
—r—— ; ;
United Kingdom | I

= Disposal - incineration without energy recovery
mDisposal - landfill and other

= Recovery - energy recovery

m Recovery - backfilling

= Recovery -recycling

(") No data available for energy recovery and incineration without energy recovery.
(*) No data available for incineration without energy recovery.

(%) 2016.
* This designation is without prejudice to positions on status, and is inline with UNSCR 1244/13999 and the ICJ

Opinion on the Kosovo declaration of independence.
Source: Eurostat (online data code: env_wastrt) eurostati@




Hazardous waste treatment, 2018
(kg per capita)
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i
i
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==
1
|
| |
Turkey | |

Estonia
Bulgaria
Serbia
Montenegro
EL-27
Finland
Denmark
Germany
Norway
Cyprus
Belgium
Sweden
France
Luxembourg
lceland
Poland
Czechia
Austria
reece
Hungary
Slovenia
Slovakia
Romania
Lithuania
Ireland |
Latvia
Croatia
Malta

MNetherlands
United Kingdom |

= Unspecified

= Disposal - incineration without energy recovery
m Disposal - landfill and other

« Recovery - energy recovery

= Recovery - recycling and backfilling

Note: sorted on total hazardous waste treated. The two parts of the figure have different scales for the y-axis.
Source: Eurostat (online data code: env_wastrt) eurostat@




Y...;QUE HACEMOS CON LOS RESIDUOS NORM?

1" Nivel.- Concentracion de radionucleidos

Cadenas:
Sry
. <0.5Bqgg- >0.5Bgg-
U
“Th
<5Bgg- »5Bgg
40K 210pg

22 Nivel.- Evaluacidon de dosis

1 mSva 1-6mSva

I A

Trabajadores

Publico <1 mSva
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88 (Y..:QUE HACEMOS CON LOS RESIDUOS NORM?

. v La caracterizacion de los residuos debe incluir la radioactividad.

¢ Bajo los niveles de exencion - se debe considerar su minimizacién mediante reciclado u otros
medios.

" ¢ Tras la minimizacion, se deben categorizar los residuos de acuerdo con su contenido en toxicos
organicos, inorganicos o su radioactividad.

¢ Para toxicos organicos e inorganicos existen niveles establecidos. ;Qué nivel de radioactividad
determina si el residuo es toxico o no? -2 ;> 10 x EL?

¢ ¢, Qué nivel de radioactividad determina si un residuo debe considerarse sélo téxico o0 mas que
téoxico? - ;> 50 x EL? (¢ rad-was-surf-disp?)

¢ Nota: Otros estudios’? apoyan esta categorizacion.

1- T. Anderson & S. Mobbs, HPA-CRCE-001. 2010

2- S. Pepin et. al, 4th EAN-NORM Workshop. 2011,



Characterization of chemical UNA PROPUESTA DESDE CIEMAT

and physical properties of solid

( ---------------------------------------------------------------------------------------------------------------------- .
waste :
(Including Radioactivity) :
: YES i
Is there any YES All level < toxic YES
. levels? . Are there :
technical Minimize ) . :
. + . still solid e
option for Act.conc. < quantities wastes?
minimize? Exemption levels
*
: NO YES : :
E é '.......: NO
NO % :
: Carry out E <1 mSv/y for the
specific public and E<1
Sv/y f
assessments msv/y for

workers?

All level < toxic

Act.conc. < 50 x
Exemption levels

disposal

levels? NO
+ € sensansnssssssssssmsEssEsEssEsEEERERREEEE csssmssssssssssssssnnat
Act.conc. <10 x
Exemption levels)
YES:
: : Any level > toxic ) )
H levels? NO Radioactive
: oo e, ™ S R waste or
NORM waste

Landfill for :
Non : Landfill for
Hazardous :
ous 4 Hazardous
Materials

Materials




REUTILIZACION Y RECICLAJE.

o Debe promocionarse la investigacion para buscar alternativas para
la reutilizacién y reciclado de los residuos NORM.

o Una caracterizacion del residuo puede indicar concentraciones de
actividad < EL, que automaticamente permitiria su reutilizaciéon o
reciclado usando cualquier alternativa viable.

o Si las concentraciones de actividad > EL debe existir una evaluacion
del impacto radiologico, bien genérico para la opcion o bien
especifico para una aplicacién con un residuo determinado.

o Todos los implicados: industria, regulador, gobiernos, deben
concienciarse e involucrarse en esta filosofia de la economia
circular. También en el caso de los residuos NORM.



'REUTILIZACION Y RECICLAJE. |

Journal of Hazardous Materials

Construction and Building Materials

Yolume 22, lssue 8, August 2008

B Ol O P e B
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ELSEVIER

e

e Building and Environment i
ELSEVIER BT

“Wolume 42 |szue 2, February 2007 Pages 10361042 vor——

Use of fly ash, phosphogy
the disposal of hazardous
Sernra Goruh d - 8 Osman Nuri Ergun @ Utilization of phosphogypsum as raw

manufacturing of building products L8]
Cleaner phosphogypsum, coal cor ELSEVIER

incineration ashes for application |
L. Reijnders & . &4 &

Journal of Hazardous Materials

“olume 150, lzzue 3, 11 February 2008, Pages 541545

Murhayat Dedirmenc d . &

Radiological aspects of the usability of red mud as huilding
material additive

Janos Somlai?, Wiktor Jobbagy?, Jozsef Kovacst, Sandor Tarjane, Tibor Kovacss: & . &



| |REUTILIZACION Y RECICLAJE.

NORM residues Products and/or reuse options

Small amounts of metals with high Metal recycling
activity concentration

Phosphogypsum Soil improvement
Fertilizer
Building materials
Landfills cover
Water purification
Road construction

Slag Road construction

Liquid residues Reuse, closed-circuit process

Tailings Underground backfill




REUTILIZACION Y RECICLAJE.
NORM residues

Products and/or reuse options

Fly ash

Bottom ash

Road construction
Cement industry
Fertilizer and soil conditioner

Inclusion concrete

Decommissioned constructions
materials (concrete, soil, bricks, etc)

Gravel

Rock

Cover material for tailing ponds

Mineralized rock

Metal extraction

Solid residues from TiO2

Backfill into remediated sites

Red mud

Backfill into remediated sites




NORM como materiales de construccion.

Naturally Occurring

Radioactive Materials

in Construction
Irtesgrating Raduatsan Protsctasm in RSgse

Road
Materials ..
Pavement
Design

2017

When by-products are investigated for use in construction
materials then many factors have to be evaluated, taking
into account the presence of trace elements, such as
metals and naturally occurring radionuclides.

The main objective [...] is to investigate and evaluate the
use of by-products [from NORM industries] in construction.

2017

Given the large quantities of natural materials used daily
in road building, it is necessary to find a way to reduce its
adverse environmental impact. The modern approach is
the application of new materials, usually waste ones,
resulting in the preservation of natural materials but also
the reduction of waste materials in dumping sites. In this
study, steel slag as waste material in steel production is
validated for its usage in road construction based on its
potential adverse environmental impact through a
multidisciplinary approach



'REUTILIZACION Y RECICLAJE.

NORM en materiales de construccion (viviendas).

[ = Cra226/300 Bqlkg + Crp)3,/200 Bq/kg + Cggo/3 000 Bqlkg




' LGESTI(’)N DE RESIDUOS NORM EN VERTEDEROS.
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LA GESTION CONVENCIONAL DE LOS
RESIDUOS GENERADOS EN LAS INDUSTRIAS NORM

USO DE VERTEDEROS DE
RESIDUOS INDUSTRIALES
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¢ Juan C. Mora y Alla Dvorzhak. La gestion convencional de los residuos generados en las industrias NORM: Uso de vertederos de residuos industriales.
ESTRATOS — N°116 - 2016
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Fig. 3. Barriers included in hazardous waste landfills to avoed thesr impact to the environment.




INCINERACION. |

e Alla Dvorzhak, Jesus Rodriguez y Juan C. Mora. Estudio
técnico sobre tratamiento de material residual NORM en
instalaciones de incineracion de residuos convencionales
en Espafia. CIEMAT/DMA/UPRPYMA/08/2015 - 2015

oo GLIATICNICA DE CARMCTERIZACIGON.
B — Y GISTION DI MATLRILS KSIDUALES
CON CONTENITN RADIACTIVG GERTRADGS

ENINVESTIGACION BIOLOGICA.

Clearance of
materials resulting from
Relerenor Domisment oo the Bewt dpailabie medicine, industry and research
Terhnipes for
Waste Incineration
LI T
-4
- B
&) e

e Juan Carlos Mora y Beatriz Robles. Niveles de referencia aplicables a la combustion de materiales residuales con
contenido radiactivo incluido en viales de centelleo liquido. CIEMAT/DMA/UPRPYMA/01/10 - 2010




[MINERI'A DE RECURSOS EN VERTEDEROS CLAUSURADOS. J

¢ Cenizas volantes = Materiales de construccion
¢ Metano en vertederos

v Recursos (metales)

https://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/landfill.html

https://ec.europa.eul/jrc/en/news/recovering-critical-and-other-
raw-materials-landfills-and-mining-waste

w:'.?.fﬁ!!. o 7= @d 1 swa, Beren e e e Tl
CURSO
LANDFILL MINING
INTRODUCCION A LA GESTION DE s fohe ittt of
VERTEDEROS -
Complejo Medioambiental de la Costa del Sol
Casares-Malaga
(1817 de Junia da 2010)
Biogids de Vertederos “:"h::*ﬂ::ﬁ
Hely Carreras
D
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En Espafa en 1995 la fraccién de agua potable obtenida de aguas

subterraneas fue del 20%.
La ley de calidad del agua (RD 902/2018) especifica los limites para

los contaminantes en el agua de consumo (turbidez, pH, téxicos,...)
incluyendo los requisitos sobre la radiactividad del RD 314/2016

(DIT, alfa y beta totales, radon, tritio, etc.).

Extent of Environmental
Contamination by Naturally
(hasta 24 Bq/l) y algunos descendientes del 232Th.

Occurring Radioactive
Material (NORM) and
Generalmente la relacion 234U/238U > 1 (hasta 28, pero generalmente entre 1y 3).

Technological Options
for Mitigation
222Rn hasta 588 Bq/l en aguas subterraneas.

210Po y 210Pb en concentraciones bajas: 0.7 a 4.4 mBq/l.

El radio tiende a ser mas soluble en agua, aunque también se puede encontrar uranio

3OE BOLETIN OFICIAL DEL ESTADO s
NSTERODELAFRESDEICA Cuando se utilizan sistemas para eliminar la radiactividad del agua
"SRRI se obtienen residuos con mayores concentraciones de actividad
R e o NORM (en ocasiones importante).

mierE nalurales
¥ o Roal Decrelo 17) 10,
para ol consume fumang
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Extent of Environmental

Contamination by Naturally
Occurring Radioactive
Material (NORM) and
Technological Options

for Mitigation

(4)1aEA

El tipo de proceso de purificacion del agua eliminara mas unos

radioisotopos que otros:

Radio:

Uranio:

Radoén:

Resinas de Intercambio cationico
Arenisca verde (greensand)
Coprecipitacién con sulfato de bario
Oxidos de Magnesio hidratados
Procesos de descalcificacion

Osmosis inversa

Resinas de Intercambio aniénico
Coagulacion/Filtracion
Procesos de descalcificacion

Osmosis inversa

Aireacion

Carbon activado granular

Esos radioisétopos se acumularan en los residuos de las ETAP (excepto el radon).



TECHRICAL REPORTS SERIES N0,

Extent of Environmental
Contamination by Naturally
Occurring Radioactive
Material (NORM) and
Technological Options

for Mitigation

&) IAEA

s s § gy kg

Raw Water (median values)

Rn-222 59 BglL
{10% = 60 Bg/l
19 > 470 BglL)
Ra-226 4 mBglL
U-234 5mBgll
Pb-210 1 mBgllL
Po-210 0.5 mBol
* Removal of:
carbon dioxide
; ol If nEcessany: 2
Air Aaration, St " :::‘I:‘Iil‘ldhf
; o the environment
If necessany:
Collection from differant
sources, mixing and interim
storage
* r
Removal of Fe and Mn
CaCo, » pH-adjustmentio > 6.5 ;
- fopether, partial removal
MaOH anzzcsﬂTL of Ra. Pb. Po
Fm-mﬁ-.‘ Sludge containing
{finalty) Filtraticn Ra-226, Po, B, Pb
Slight degassing of Rn-222
L““."'m storage for later due to high surface to
elivery volume ratio
Polighing Disposal
In Gemnany:
! 37% landfil
{25% public,
Delivery 12% private)
30% discharge as sewage
15% recycling
1G. I8, Tvpical sequence of drinking water treatimen A
FIG. 18. Typical seq Irinking water treatment [97




TABLE XVIL CHARACTERISTICS OF SELECTED WATER TREAT-
MENT WASTES (COMPUTED LEVELS) [86]

(waste amounts based on an average throughput of 1 million gallons
(=380 000 L} of water per day)

NORM concentration Approximate
Treatment method in water (Bg/L) WESE:;E]]" O s Hicactiaty
Raw Finished {Bg/L)
Coagulation/filtration (U} 1.85 037 108 148
Lime softening (Ra) .93 0.46 2m 206
lon exchange (Ra)® 093 0.19 o e}
Reverse osmosis (U) 1.85 0.56 130¢ 11.8

Extent of Environmental

3 Sludges.
Contamination h}" Natura H}' P Does not include ion exchange resins, which have much higher radicactivity levels,
. : : © Waste.
Occurring Radioactive TABLE XVIIL TYPICAL DATA FOR SLUDGE CONTAINING
Material [N URMI and NATURAL RADIONUCLIDES PRODUCED BY A LARGE WATER-
WORKS IN GERMANY [97
Technological Options 971
flll’ Mltigatlﬂ“ Weekly throughput of water 420 000 m?
Total activity of this water assuming very conservative 3 654 000 000 Bg
fﬁ IAEA estimate of concentration
i e e e s Total activity taking maximum measured radionuclide content SHE 000 000 Bg
in Germany
Total activity using median value for tap water in Germany 8400000 Bg
Produced sludge per week e
Dry solids in sludge it
Specific activity of dried sludge for different water concentrations:
— High conservative concentration 600 000 Bg/'kg
— Maximum measured concentration 100000 Bg/ke

— Median concentration for tap water 1400 Bg/kg




TECHNICAL REPORTS SERIES NO.

Extent of Environmental
Contamination by Naturally
Occurring Radioactive
Material (NORM) and
Technological Options

for Mitigation

pesados.

Residuos de las ETAP que pueden considerarse NORM:

lodos, filtros de lodos, resinas de intercambio idnico gastadas, carbdn
activado granulado gastado y las aguas de lavado de los filtros.

Los lodos, calizas, aguas de lavado, medios de intercambio idnico
gastados y elementos de filtrado con arena suelen almacenarse en
balsas. En estas balsas suele haber una acumulacion de radio en los

lodos de fondo que podrian necesitar que se dragaran para gestionarlos
adecuadamente.

Los lodos también suelen gestionarse en vertederos de residuos
industriales, se descargan a la red de alcantarillado, se inyectan en pozos
profundos o se utilizan como enmiendas de suelos agricolas.

El agua de decantacion suele reciclarse

Algunas de estas practicas ya no se permiten, principalmente por la acumulacion de metales

Si se concentran los residuos (por evaporacion por ejemplo) se obtendran mayores concentraciones
de actividad y podria necesitar que se gestionaran en vertederos para residuos radiactivos.
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(Draea

TABLE XIX. DISPOSAL PRACTICES FOR NOEM FROM WATER
TREATMENT FACILITIES IN THE USA [86]

Liquid waste disposal

Solids/sludge disposal

Direct discharge to surface water

Deep well injection
Drying or chemical precipitation

Irrigation
Sanitary sewer discharge

Temporary lagooning (surface

impoundment)

Disposal in landfill

— without prior treatment (resins, filter
media. granular activated carbon)

— after temporary lagooning

— after mechanical dewatering

Application to land (soil spreading/

conditioning)

Disposal at licensed low level waste

facility




ETAPs.

TABLE 2. TYPICAL RADIONUCLIDE ACTIVITY CONCENTRATIONS
WEATECDOG 1112 IN SEDIMENTS AND SLUDGE
Activi tratio /)
SR — Predominant ctivity concentration (Bgq/g)
radionuclide Minimum Maximum
Rare earths extraction R 0.6 10 000
Management of NORM Residues 7% 210
Oil and gas production Ra, “"Pb 0.05 1300
Niobium extraction i - i 200 500
Zircon chlorination i 1] 0.3 48
Titantum dioxide pigment production it | <0.1 24
Eml-h E
Water treatment R, 0.1 14
] “IFB 1.5




Tahle 1

Journal of Environmental Radioactivity 11 (2015) 24-31 Analytical methods to determine radionuchides in shidge from different DWTP

Country  Amount Digestian Radionuclide Separation proces Determination  Presence (Bgikg) (dowy* Reference
ETA PS Contents lists available at ScienceDirect of sanple
(] : Finland SO0 g - Gamima emitiers - Clamuma gy (340 (Puhakainen and
. 3y s g |
Journal of Environmental Radioactivity ey .T.E‘;Sflf_gf““ by 1Y
igh: (220
journal homepage: www.slsevier.com/locate/jenvrad Sweden  ne ne Phitonium, tharium,  Co-precipitation Alpha TR 07 2-086 (Gafwert ot al
uramium, bead, Licquid —¥iquid spedrometry  TCTh: 45 2002)
herilum Carmamia THy: 4345
Review spedrometry T 6162
4 : 3 : . N0ph: 330 368
Presence of radionuclides in sludge from conventional drinking water @wm
- Spain 500 mg MW with Uraniwr, radim,  Co-precipitation; Alpha U 70 12000 [Baez et al,
treatment plants' A review HN{h HO:HP palomium and Dowex 1x4 resin spedrometry UL 6607200 2in4)
(9:3% ml) tharium . 737140
2Mpa: 24-600

E. Fonollosa, A. Nieto, A. Penalver, C. Aguilar, F. Borrull”

tat Rovira § Virgih, Unitot de Rodioguisnica Ambiental § Sandtaria (URAIS | Consorc d*Aigiies
de Tarragana (CAT) Crta. Noc. 340 Kim 1094, 43895 'Ampolla, Tarragona, Spoy

wa =PreCTpILan i, 2
HNOHO (311} thorum Liequidd —Fequid extraction; spegrometry 280 19590 20nirh)
AG1 -resin. Camma . 0377
pettromery  CoThd-ad
TTTh: 4-30
A 103600
Ty 20400
*0ph: 101050
T 10875
ph: 10405
Zac: 10-380
MW with Strontium LOV-MEFIA Licquid Mor 3476 (Mola et al,
HNOLMHQ (3:1)  amd lead scintillation T0ph: 3863 2014}
counting
Spain 100 g — Gamima emitiers - Camima e 11-73 (Montafa etal,
spedrometry  TPPh: 756 2013a)
2R3 §-66
L 19165
Tph: 12132
Mg 11121
The: 75517
K 133478
s 09-2.6
T h: 35307
Australia 1005 - Gamma emutiers Camima Ty ™. ,-250 (Kleinschmidi
petromeny  Ha: 6120 and Akher, 2008
ph: 10-110
OTh: 12-77
4K 60330

' The: 9480
TECh.IllCHJ Note Spain 5005 = Camima emitiers = Gamima D 12-212

mE F)
500 5 {gamma)

Spain S0l mg

Chemosphere
Volume 97, February 2014, Pages 108-114

ELSEVIER

[ Paloma =t al.
spegtrometry  2Ph: 442 2010a)

Association of naturally occurring radionuclides =y
T4 44693

in sludges from Drinking Water Treatment Plants
previously optimized for their removal s

usa 05 g MW with Uranium, tharium  Anion exchange resin Alpha ToRa: 1119250 (Lytle et al,
HNDy and radium. spedrometry  TRa; 14812987 2(n4)
2k 3222627
A. Baeza, A. Salas, ). Guillén & B A Mufioz-Serrano TOTh: 7A-360
P 148313
™y: 37-74

Spain 500 mg MW with Uranium, radium, Co-precipitation; Alpha 2341: 720-12,000 (Baeza et al, - e
HNOs:HCI:HF polonium and Dowex 1x4 resin spectrometry  23¥U: 660—7800 2014) S St D et e e et oy, a0 3654 e
(9:3:6 ml) thorium 226Ra: 237140 spetrometry  T0: 1549
21%pg: 24600 {wranium)
228Th: 57-870 i
2 - specified.
230Th: 13-54 5 dwe = dry weigh.

ne ne
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EXPERIENCIAS EN LA ELIMINACION DE RADIOCTIVIDAD NATURAL
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SALCHEMIA

Hablaremos de:

1. La problematica en la provincia de Almeria

2. Control de la radioactividad en las aguas de consumo humano
3. Experiencia acumulada: certezas e incertidumbres

4. El proyecto LIFEALCHEMIA
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CUMPLIMIENTO NORMATIVA
AGUAS DE CONSUMO HUMANO

1. La problematica en Almeria

—

= RD 140/2003, aguas de consumo humano
= DIRECTIVA 2013/51, 22 de octubre. T28/11/15

~ = RD 314/2016, 29 julio, modifica RD 140/2003

Realizacion de estudios hidrogeologicos en 2003.

" Universidad de San Petersburgo

= |nstituto Medioambiental de la Academia de Ciencias de Rusia

EXISTEN PROBLEMAS POR RADIOACTIVIDAD |

NATURAL EN DIVERSOS MUNICIPIOS

—

" Riesgo para la salud

" Declaracion aguas “no aptas para consumo”

= Abastecimiento mediante cubas de agua

—

SR

DIPUTACION DE ALMERIA
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:*/f Life 1. La problematica en Almeria
s ALCHEMIA PROBLEMAS CUALITATIVOS

POR RADIACTIVIDAD

] ALFA TOTAL mayor 0,1 BqA detectada.

Nota: Segun RD 140/2003, esto no implica que estas aguas sean
no aptas para el consumo humano.

DIPUTACION DE ALMERIA
P
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SALCHEMIA

SR

Plantas de filtracion por 6smosis inversa. ETAP Alcudia de Monteagud u
DIPUTACION DE ALMERIA
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1. La problematica en Almeria

Coagulacion / floculacién y decantador Filtros multicapa en presion
lamelar =
Antigua ETAP Benizaldn i
DIPUTACION DE ALMERIA

i



5 - J— 1. La problematica en Almeria

ALCHEMIA

PR S At P L

=
> .
-
=

DIPUTACION DE ALMERIA
i




1. La problematica en Almeria

ETAP Huécija
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1. La problematica en Almeria

ETAP T.M. PUESTA SERVICIO TIPO TRATAMIENTO ACTUAL CAUDAL PRODUCCION (m*/h) | VERTIDO RECHAZO
Alboloduy Alboloduy 2009 Filtros arenas + Microfiltracién+ Ol 6 Riego
Albanchez Albanchez 2010 Filtros arenas + Microfiltracién+ Ol 15 -

Alcudia Monteagud Alcudia Monteagud 2010 Filtros arenas + Microfiltraciéon+ Ol 4,5 Riego

Fines Fines 2011 Filtros arenas + Microfiltraciéon+ Ol 38 Rambla o riego

Huécija Huécija 2011 Filtros arenas + Microfiltracién+ Ol 36 Riego
Benitagla Benitagla 2011 Filtros arenas + Microfiltracién+ Ol 5 Rambla o riego
Almocaizar Los Gallardos 2012 Filtros arenas + Microfiltraciéon+ Ol 1 Riego
Somontin Somontin 2013 Filtros arenas + Microfiltracion+ Ol 11 Rambla
Benizaldn Benizaldn 2013 Filtros arenas + Microfiltracion+ Ol 7,5 Saneam. o riego
Fuente La Higuera Benizalon 2013 Filtros arenas + Microfiltracién+ Ol 2 Rambla o riego
Escullar Las Tres Villas 2013 Filtros arenas + Microfiltracion+ Ol - Rambla
Tahal Tahal 2014 Filtros arenas + Microfiltracién+ Ol 10 Saneamiento
Alicun Alicun 2014 Filtros arenas + Microfiltraciéon+ Ol 5 Riego
El Campico de Bédar Lubrin 2016 Filtros arenas + Microfiltracién+ Ol 1,4 Rambla o riego
Alboloduy Alboloduy 2019 Piloto ALCHEMIA. Filtracién 10,8 Saneamiento
Benizalon Benizalon 2019 Piloto ALCHEMIA. Filtracion 10,8 Saneamiento
Tahal Tahal 2019 Piloto ALCHEMIA. Filtracion 10,8 Saneamiento
Lubrin Lubrin 2020 Filtros arenas + Microfiltracion+ Ol 15 Saneamiento




1. La problematica en Almeria

SITUACION ETAPs EN SERVICIO
PARA LA ELIMINACION DE
RADIOACTIVIDAD

DIPUTACION DE ALMERIA
i



2. Control de la radioactividad en las aguas de consumo humano

""""




i o Life 2. Control de la radioactividad
Vi C@@EMIA

NUMERO DE ANALISIS DE ACTIVIDAD ALFA TOTAL POR MUNICIPIO EN 2011

v &
-#E@ ﬂ

N° de determinaciones de Actividad Alfa Total por Municipio

1-2
13-9 ey
| 10-81 u
- > o1 Fuente: Atlantis. 2011. Ministerio de Sanidad, Servicios Sociales e Igualdad
DIPUTACION DE ALMERIA

i



5 - J— 2. Control de la radioactividad

BAALCHEMIA

EVOLUCION REPORTE DE ACTIVIDAD ALFA TOTAL (AAT) A SINAC ENTRE 2005 Y 2019

o 10.000
d
c
S
= % zonas
'g 8.000 abastecimiento que
» reportan AAT a SINAC
E: ,
o 6.000 +Numer9 zc?nas
© abastecimiento que
v
g ., 20% reportan AAT a SINAC
o 19%
N 4.000 —e—Total zonas
v 15% e
© abastecimiento que
g reportan a SINAC
2.000
2 304 4% >% 5% Fuente: Elaboracion propia a
0 ° 2% 2% 2% 1% 2% partir de Ministerio de Sanidad
(Tp) (o N~ 0 o)} o i (o] o < N o ™~ o0 (o))
o o o o o i i i i i i i i i o
© ©6 6 6 6 ©o© 0o o o 0o 0o o o o o e
N N N N N N N N N N N N N N N u
Ano DIPUTACION DE ALMERIA
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2. Control de la radioactividad

Life
OAALCHEMIA

NUMERO DE ANALISIS DE ACTIVIDAD ALFA TOTAL POR MUNICIPIO EN 2019

N° de determinaciones de
Actividad Alfa Total por
Municipio

'1-2
3-9

1 10-60
Ml > 60

5 0 100 200 300 km iy
< i
Fuente: SINAC 2019. Ministerio de Sanidad

DIPUTACION DE ALMERIA
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Life 2. Control de la radioactividad

ALCHEMIA

TASA DE EXPOSICION A LA RADIACION GAMMA NATURAL. PROYECTO MARNA. MAPA
DE RADIACION GAMMA NATURAL. CSN COLECCION INFORMES TECNICOS 5.2000

4600000

4400000

4200000

S

DIPUTACION DE ALMERIA
P

4000000

0 200000 400000 600000 800000 100000




5 - J— 2. Control de la radioactividad

s ALCHEMIA

NUMERO DE ANALISIS DE DOSIS INDICATIVA TOTAL POR MUNICIPIO EN 2019

N©° de determinaciones de
Tritio por Municipio
1-2
3-9
1 10-60
M > 60

| b
e °F o S i R W 7,

Fuente: SINAC 2019. Ministerio de Sanidad

DIPUTACION DE ALMERIA
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2. Control de la radioactividad

o 10.000 — — ®
=
L
g % zonas abastecimiento
J) 8.000 que reportan Radon a
© SINAC
Qo
©
% 6.000 —eo—NuUmero zonas
(7, ¢ "
© abastecimiento que
§ reportan Radén a SINAC
)
13%
-g 4.000 e i —e—Total zonas
g 9% abastecimiento que
S reportan a SINAC
< 2.000
+ ﬂ « 7/ .
Fuente: Elaboracion propia a
. 1M partir de Ministerio de Sanidad
© N ) o
i i i i
S ~ 8 8 ety
Afo u )
DIPUTACION DE ALMERIA
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A

N©° de determinaciones de
Radodn por Municipio
1-2
3-9
10 - 60
Ml > 60

0 100 200 300 km
fe I

Fuente: SINAC 2019. Ministerio de Sanidad

2. Control de la radioactividad
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2. Control de la radioactividad

MAPA DEL RADON EN ESPANA

@® ALTA
Lhon Exposicion a la radiacion MEDIA-BAJA
E . ® BAJA

SR

DIPUTACION DE ALMERIA
i

© Dpto, de Edificacién, IES Politécnico — Malaga -

FUENTE: Consejo de Seguridad Nuclear




2. Control de la radioactividad

EVOLUCION DE LA CONFORMIDAD EN AGUAS DE CONSUMO HUMANO

TRITIO

100

BETA RESTO

100

99:,95 2019
100

Fuente: Ministerio de Sanidad

2018

100

RADON

2019 100

2016

100

2017

99,99
ﬁ
DIPUTACION DE ALMERIA
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2. Control de la radioactividad

EVOLUCION DE LA CONFORMIDAD EN AGUAS DE CONSUMO HUMANO

ALFA TOTAL D.I.T.

92,10

2019

SR

Fuente: Ministerio de Sanidad u
DIPUTACION DE ALMERIA
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2. Control de la radioactividad

APTITUD DE AGUAS DE CONSUMO HUMANO POR PARAMETRO EN 2019

100

Bencena, Cadmio, Clanuro, Cromo,
Microcistina LR, Epidorhidrinag, Cloruro
de Vinilo, I. Langelier, Tritio, Actividad P
Be nzola)preno, 1,2 dicloroetanc, HPA, resto, Radon
-95;-99 Mercuro, Tota de plaguicidas,
Plaguicida individual, Cloro combinadg
residual, Olor, Sabor

99,96 selenio, Nitritos - Actividad @ total 92

99,95
Antimonio, Cobre, COT

99,93 oxidabilidad

Boro, Nitrato, Sodio, Cloruro

Turbid ez, Recuento de colonias a 222C,

Actividad B total, Color pH
99,0

99,91

Acrilamid a, DI, Cond uctividad, E. Coli, Tr
+ tetraclbroeteno, C perfringens, Niguel

99,8

" Bactedas coliformes

99,1

Bromato, Manganeso, Plomo = Arsénico, Amonio

99,7 99,2

, Flugrwra, Entero ooco THM, Aluminio, Hierro

99,5 99,4

Fuente: Ministerio de Sanidad
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3. Experiencia acumulada: certezas e incertidumbres
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3. Experiencia acumulada: certezas e incertidumbres

ETAP T.M. PUESTA SERVICIO TIPO TRATAMIENTO ACTUAL CAUDAL PRODUCCION (m*/h) | VERTIDO RECHAZO
Alboloduy Alboloduy 2009 Filtros arenas + Microfiltracién+ Ol 6 Riego
Albanchez Albanchez 2010 Filtros arenas + Microfiltracién+ Ol 15 -

Alcudia Monteagud Alcudia Monteagud 2010 Filtros arenas + Microfiltraciéon+ Ol 4,5 Riego

Fines Fines 2011 Filtros arenas + Microfiltraciéon+ Ol 38 Rambla o riego

Huécija Huécija 2011 Filtros arenas + Microfiltracién+ Ol 36 Riego
Benitagla Benitagla 2011 Filtros arenas + Microfiltracién+ Ol 5 Rambla o riego
Almocaizar Los Gallardos 2012 Filtros arenas + Microfiltraciéon+ Ol 1 Riego
Somontin Somontin 2013 Filtros arenas + Microfiltracion+ Ol 11 Rambla
Benizaldn Benizaldn 2013 Filtros arenas + Microfiltracion+ Ol 7,5 Saneam. o riego
Fuente La Higuera Benizalon 2013 Filtros arenas + Microfiltracién+ Ol 2 Rambla o riego
Escullar Las Tres Villas 2013 Filtros arenas + Microfiltracion+ Ol - Rambla
Tahal Tahal 2014 Filtros arenas + Microfiltracién+ Ol 10 Saneamiento
Alicun Alicun 2014 Filtros arenas + Microfiltraciéon+ Ol 5 Riego
El Campico de Bédar Lubrin 2016 Filtros arenas + Microfiltracién+ Ol 1,4 Rambla o riego
Alboloduy Alboloduy 2019 Piloto ALCHEMIA. Filtracién 10,8 Saneamiento
Benizalon Benizalon 2019 Piloto ALCHEMIA. Filtracion 10,8 Saneamiento
Tahal Tahal 2019 Piloto ALCHEMIA. Filtracion 10,8 Saneamiento
Lubrin Lubrin 2020 Filtros arenas + Microfiltracion+ Ol 15 Saneamiento
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3. Experiencia acumulada: certezas e incertidumbres

SITUACION ETAPs EN SERVICIO
PARA LA ELIMINACION DE
RADIOACTIVIDAD

DIPUTACION DE ALMERIA
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3. Experiencia acumulada: certezas e incertidumbres

\Z

INCONVENIENTES ESPECIFICOS DE LAS ETAPS POR OSMOSIS INVERSA

" Flevado consumo de recursos hidricos : certeza

" Tecnologia de eliminacion muy efectiva pero poco especifica: certeza

" Gestion compleja del rechazo: incertidumbre

" Elevados costes de explotacion: certeza

" Escasa vida util equipos instalados y sustitucion membranas y filtros: certeza

" Dificultades de explotacion: certeza

SR
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3. Experiencia acumulada: certezas e incertidumbres
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3. Experiencia acumulada: certezas e incertidumbres

Alboloduy 42%
Alicun 39%
Benizaldn 37%
Huécija 40%
Tahal 39%

Necesidad de optimizar el consumo de recursos hidricos

La reduccion de rechazos implicara la reduccion de costes

de explotacion y de inversion

SR
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WALCHEMIA

b=
Se extraen Para producir u

DIPUTACION DE ALMERIA
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| ife 3. Experiencia acumulada: certezas e incertidumbres
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s ALCHEMIA

INCONVENIENTES ESPECIFICOS DE LAS ETAPS POR OSMOSIS INVERSA

= Elevado consumo de recursos hidricos : certeza

= Tecnologia de eliminacion pero poco especifica: certeza

= Gestion compleja del rechazo: incertidumbre

= Elevados costes de explotacion: certeza

= Escasa vida util equipos instalados y sustitucion membranas vy filtros: certeza

= Dificultades de explotacion: certeza

SR
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3. Experiencia acumulada: certezas e incertidumbres

ETAP Tahal
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s ALCHEMIA

INCONVENIENTES ESPECIFICOS DE LAS ETAPS POR OSMOSIS INVERSA

= Elevado consumo de recursos hidricos : certeza

" Tecnologia de eliminacion pero poco especifica: certeza

"  Gestion compleja del rechazo: incertidumbre

= Elevados costes de explotacion: certeza

= Escasa vida util equipos instalados y sustitucion membranas vy filtros: certeza

= Dificultades de explotacion: certeza

SR

DIPUTACION DE ALMERIA
i




Life

ALic
S ALCHEMIA

3. Experiencia acumulada: certezas e incertidumbres

ETAP T.M. PUESTA SERVICIO TIPO TRATAMIENTO ACTUAL CAUDAL PRODUCCION (m*/h) | VERTIDO RECHAZO
Alboloduy Alboloduy 2009 Filtros arenas + Microfiltracién+ Ol 6 Riego
Albanchez Albanchez 2010 Filtros arenas + Microfiltracién+ Ol 15 -

Alcudia Monteagud Alcudia Monteagud 2010 Filtros arenas + Microfiltraciéon+ Ol 4,5 Riego

Fines Fines 2011 Filtros arenas + Microfiltraciéon+ Ol 38 Rambla o riego

Huécija Huécija 2011 Filtros arenas + Microfiltracién+ Ol 36 Riego
Benitagla Benitagla 2011 Filtros arenas + Microfiltracién+ Ol 5 Rambla o riego
Almocaizar Los Gallardos 2012 Filtros arenas + Microfiltraciéon+ Ol 1 Riego
Somontin Somontin 2013 Filtros arenas + Microfiltracion+ Ol 11 Rambla
Benizaldn Benizaldn 2013 Filtros arenas + Microfiltracion+ Ol 7,5 Saneam. o riego
Fuente La Higuera Benizalon 2013 Filtros arenas + Microfiltracién+ Ol 2 Rambla o riego
Escullar Las Tres Villas 2013 Filtros arenas + Microfiltracion+ Ol - Rambla
Tahal Tahal 2014 Filtros arenas + Microfiltracién+ Ol 10 Saneamiento
Alicun Alicun 2014 Filtros arenas + Microfiltraciéon+ Ol 5 Riego
El Campico de Bédar Lubrin 2016 Filtros arenas + Microfiltracién+ Ol 1,4 Rambla o riego
Alboloduy Alboloduy 2019 Piloto ALCHEMIA. Filtracién 10,8 Saneamiento
Benizalon Benizalon 2019 Piloto ALCHEMIA. Filtracion 10,8 Saneamiento
Tahal Tahal 2019 Piloto ALCHEMIA. Filtracion 10,8 Saneamiento
Lubrin Lubrin 2020 Filtros arenas + Microfiltracion+ Ol 15 Saneamiento
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s ALCHEMIA

INCONVENIENTES ESPECIFICOS DE LAS ETAPS POR OSMOSIS INVERSA

= Elevado consumo de recursos hidricos : certeza

" Tecnologia de eliminacion pero poco especifica: certeza

= Gestion compleja del rechazo: incertidumbre

= Flevados costes de explotacion: certeza

= Escasa vida util equipos instalados y sustitucion membranas vy filtros: certeza

= Dificultades de explotacion: certeza
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ALCHEMIA

CONSUMO ENERGETICO ETAPS POR OSMOSIS INVERSA

Alboloduy 1,1
Benizaldn 1,2
Tahal 1,1

ETAP Tahal
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INCONVENIENTES ESPECIFICOS DE LAS ETAPS POR OSMOSIS INVERSA

= Elevado consumo de recursos hidricos : certeza

" Tecnologia de eliminacion pero poco especifica: certeza

= Gestion compleja del rechazo: incertidumbre

= Elevados costes de explotacion: certeza

= Fscasa vida util equipos instalados y sustitucion membranas y filtros: certeza

» Dificultades de explotacion: certeza
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ALGUNAS LECCIONES APRENDIDAS EN ESTOS ANOS

La 6smosis inversa es un sistema totalmente efectivo para la eliminacién de la

radioactividad, pero no exento de inconvenientes.

No contar con medidas rapidas de evaluacion de los niveles de radioactividad
dificulta considerablemente la explotacion. Se debe trabajar en |la busqueda de

medidas indirectas, por ejemplo con la medicion radiacion gamma.

Los valores indicadores de la radioactividad varian con el tiempo en el agua de

un unico sondeo. Mucho mas aun entre distintos sondeos de un municipio.

Todas las ETAPs por osmosis inversa con aguas procedentes de sondeos
construidos en acero deben incluir pretratamientos para la eliminacion del

hierro, diga lo que diga la analitica.

3. Experiencia acumulada: certezas e incertidumbres

SR
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3. Experiencia acumulada: certezas e incertidumbres

AV

ALGUNAS LECCIONES APRENDIDAS EN ESTOS ANOS

" Todos los proyectos deberan incluir la adquisicion de medidores de radiacion

gamma y de radon en el ambiente.

" Se debera efectuar un seguimiento de la radiacion gamma como medida

indirecta en todos los elementos de las ETAPs.

" Se tratara de que los espacios en los que se ubiquen las ETAPs estén lo mas

ventilados posibles para evitar concentracion de radon.

" Los vasos de los depositos de agua bruta deberan estar completamente aislados

de espacios donde se prevea la presencia de trabajadores.
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AV

ALGUNAS LECCIONES APRENDIDAS EN ESTOS ANOS

" Todos los proyectos deberan incluir la adquisicion de medidores de radiacion

gamma y de radon en el ambiente.

" Se debera efectuar un sequimiento de la radiacion gamma como medida

indirecta en todos los elementos de las ETAPSs.

" Se tratara de que los espacios en los que se ubiquen las ETAPs estén lo mas

ventilados posibles para evitar concentracion de radon.

" Los vasos de los depositos de agua bruta deberan estar completamente

aislados de espacios donde se prevea la presencia de trabajadores.
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AV

ALGUNAS LECCIONES APRENDIDAS EN ESTOS ANOS

" Todos los proyectos deberan incluir la adquisicion de medidores de radiacion

gamma y de radon en el ambiente.

" Se debera efectuar un seguimiento de la radiacion gamma como medida

indirecta en todos los elementos de las ETAPs.

" Se tratara de que los espacios en los que se ubiquen las ETAPs estén lo mas

ventilados posibles para evitar concentracion de radon.

" [o0s vasos de los depositos de agua bruta deberan estar completamente

aislados de espacios donde se prevea la presencia de trabajadores.
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4. El proyecto LIFEALCHEMIA

Ante esta situacion surgio la pregunta:

¢Existirian otras tecnologias en el mercado eficientes

y baratas alternativas a la Osmosis Inversa?

NO EXISTIAN EXPERIENCIAS
CONTRASTADAS APLICABLES

Se pudo constatar la relacion entre la presencia de

hierro en el agua y la radioactividad natural
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4. El proyecto LIFEALCHEMIA

OBJETIVOS GENERALES DEL PROYECTO LIFEALCHEMIA

=" Demostrar la viabilidad técnica y econdmica del empleo de filtros de lecho fijo optimizados en Espana

y de dioxido de manganeso liquido en Estonia para la eliminacion de la radiactividad natural en las

aguas de consumo humano.

= Reducir las actividades alfa y beta total y |la concentracion de radionucleidos de U y el Ra entreun 75y

un 90%.
» Reducir la cantidad de residuos NORM generados en un 90%.
= Reducir el coste de explotacion, el impacto ambiental y los gases de efecto invernadero en un 80%.

= Replicar las soluciones del proyecto a otras zonas de la UE.
b=

DIPUTACION DE ALMERIA
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4. El proyecto LIFEALCHEMIA

ESQUEMA GENERAL DE INSTALACION DE LAS ETAPS PILOTO LIFEALCHEMIA EN ALMERIA

Sondeo existente ETAP O.l. existente Depodsito existente

ETAP piloto LIFEALCHEMIA

SR
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4. El proyecto LIFEALCHEMIA

ESQUEMA DE FILTRADO DE ETAPS PILOTO LIFEALCHEMIA EN ALMERIA

pH CONTROL ,
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I
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l
I
l
-

Zeolites coated
manganese dicxide -

TANK Gl1 2401

ZeoMes coated
manganese dioxide

TANKi 1.8401

| VERTICAL TO REVERSE
(. PUMP.3 g : | % OSMOSIS PLANT
| - )
| |
OXIDANT FEED A L— —« < 55 ol ol
EQUESINT ' 4 | Y FROM RESERVOIR
- ———— - e o o i CLEAN WATER
L ) L Y
I |\ /
B — kKl 8- <
o $- VERTICAL
VERTICAL PUMP 7.5 Vsg
PUMP 7.5 isg
DIPUTACION DE ALMERIA
HYDROGEN PEROXIDE HYDROGEN PEROXIDE
DIPUTACION Area de Fomento, Agricultura y Medio Ambilente ! do 2.016 DOSING SYSTEM DOSING SYSTEM
DE ALMERIA Servicio de Infraestructura Urbana
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- CICLO DE FILTRADO - i

RADIUM 1 AND RADIUM 2 PLANTS - Operating diagram
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ALCHEMIA

ESQUEMA DE LAVADOS DE ETAPS PILOTO LIFEALCHEMIA EN ALMERIA
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PROYECTO ALCHEMIA

RADIUM 1 AND RADIUM 2 PLANTS - Operating diagram
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ALCHEMIA
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ETAP PILOTO ALBOLODUY
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ETAP PILOTO TAHAL
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RESULTS OF LIFE ALCHEMIA PROJECT (ESTONIA)

Juri Bolobajev, PhD
Researcher
Department of Materials and Environmental Technology
Tallinn University of Technology
Estonia




ALCHEM|A RAW WATER (GROUNDWATER) QUALITY PARAMETERS

* Viimsi drinking water treatment plant (DWTP) is fed by Cambrian-Vendian groundwater with elevated radium
content

* Besides the presence of radionuclides, groundwater consists of other inorganic constituents, e.g. Fe, Mn, and NH,*

Table 1. Average values of water quality
parameters and corresponding threshold limits

-

0.197 0.200

0.147 0.050

0.654 0.500

0.359 :

0.483 :

0.317 0.100

8.12 6.5-9.5 o

Figure 1 Iron and manganese staining Figure 2 Iron staining

(https://www.americanwatercollege.org/) (https://www.americanwatercollege.org/)

383 2500
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ALCHEMIA
: GENERAL DESCRIPTION

The HMO-pilot plant was designed for removing radionuclides (Ra-226, Ra-228) and other water
constituents, i.e. Fe, Mn, and NH,* .

The HMO-pilot plant is situated in the filtration hall of Drinking Water Treatment Plant (DWTP) of
Viimsi Vesi AS.

Paelille tee T Lubja,
N 74010/Hanu maakond

Rakvete
o

Vi “gnd' < faoﬂu

KUrakurgus
noivala

W¢~.
e

3 < ’ : = & Google gy
- . ’ pils ; .

Figure 3. HMO-pilot plant, main facility, and Viimsi Vesi AS location on map (Map data © Google)
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HMO-BASED PILOT PLANT STRUCTURE

General water treatment steps:
* Aeration

* |njection of HMO slurry

* Filtration (sand filter)

Gas Outlet

)

backwash

> Table 2. Process parameters

Oxidation tank

Aeration column

Filtration

TM Water flow (L/h) 300
ﬂ filtrate

membrane

Ly

Iy

raw water pump I
g g:! |

[ ] J |

- == - |

backwash water |

|

|

The rate of HMO-slurry injection 0.10-0.20
- (/)

compressed air

Figure 4. Process flow diagram



WATER OPEN AERATION

e Aeration is often the first major process at the drinking water

Gas Outlet treatment plant
- e Aeration is the process of bringing water and air into close contact
2
H,S in order to

Rn

v'"Remove dissolved gases
v'Saturate water with oxygen
v’ Oxidize iron

4Fe(HCO,;), + 2H,0 + O, = 4Fe(OH),; |, + 8CO,

e AT
;,1 B

Aeration column I }—/

rawwater
-

Figure 5. A — Clean filler, B — Fillers during operation in aerator
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APPLICATION OF HMO SLURRY

kY
=
S [
-
2
5, :
2 dosing of
O HMO-slurry
(]
\A'/ —
L
membrane
pump

Manganese dioxide is often called hydrous manganese oxide (HMO)
HMO slurry can be prepared using MnSO,-H,0 and KMnO, according to
the reaction:

3MnSO,-H,0 + 2KMnO, - 5Mn0O,, +K,SO, + 2H,SO, + H,O

NaOH solution is used to maintain pH between 8 - 9.5

The average dose of HMO could be as low as 1.0 mg MnO, per liter of
water. At such low concentration HMO does not pose any risk to human
health!

Figure 6. Preparation of HMO-slurry in a laboratory



ALCHEMIA

APPLICATION OF HMO SLURRY

i The mechanism of redox precipitation of Fe and Mn
2Fe(HCO,), + MnO, + H,0 - 2Fe(OH); 4+ MnO+ 4CO, + H,0
I
=
3 Why does HMO adsorb Ra2* ?
e
= dosing of * At acidic conditions H* reacts with MnO, surface to give an anionic
& HMO-slurry exchanger site
q MnO, + H* - MnO,H*
~ /_-

* At alkaline conditions hydroxide ion (OH") produces the surface for

removing cationic species
MnO, + OH - MnO,0OH"

A
()
U

membrane
pump

* The rise of water pH supports the increase of cationic capacity of HMO
particle
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ALCHEMIA FILTRATION

water inflow

backwash

i '

accumulation of Air-Souting T """'11!';::||,:;:,"| L“' 4

Tirmee: 30 S0

HMO particles Time: 3 min

Pause
Time: 15 s

-
L

Birscouring

Thmiz: 30 s

Filtration

Water hackwash
Pause

\
= \ = Tirmee: 15 s S e 'I.!I. L
Time: 2 min i
i
l = - 1
: 200 mim anthracite e — L e ——
| Bltrate T !
| » i
. | : Pause Alr-sCouring
' ¢ TiFie: 15 dac I
| i
1
I 1000 mm quartz sand ;
1 i
-— . - am oo L IS e - 1
|
backwash water |
i 200 mm gravel ackwass Pa
' ¥ e 1800 L == [i|'.|-;' PRI
ToimE: 2 il
n‘&m |
. commpres sed air

Figure 7. Filter bed composition Figure 8. Backwashing algorithm




ALCHEMIA

REMOVAL OF IRON AND MANGANESE

HFe EMn

0.30

0.25 -

threshold limit for Fe
1 L) N Sy E A . B b

mg/L

0.15 -

0.10 -
threshold limit for Mn
0.05 - S L | | B -

0.00 -

raw water after aeration after HMO after filtration

Figure 9. Average concentration of Fe and Mn after each step of treatment




ALCHEMIA

WHAT ABOUT AMMONIUM ION?

Biological oxidation of NH,* to nitrate could be described by the

net reaction:
I NH.*

0.90

E:E NH4+ + 3.30, + 6.7HCO3' - 0.129C5H702N + 3.37 NO3' + 1.04
threshold limit for NHa* HZO + 6.46H2CO3

0.60 A

mg/L

0.50 -
0.40 A
0.30 - The nitrification process consists usually of two stages:

0.20 A
0.10 A

mm

raw water | after aeration | after HMO | after filtration ° ammonium_OXidiZing baCteria) Ie Nitrosomonas/
Nitrosospira, Nitrosococcus, Nitrosolobus and Nitrosovibrio,
oxidize ammonium ion to nitrite as follows:

0.00 -

Figure 10. Average concentration of NH,*
after each step of treatment

NH,"+ O, - 2H* + H,0 + NO,

* the nitrite-oxidizing bacteria, i.e. Nitrobacter, Nitrospira,
Nitrospina, and Nitrococcus, oxidize next the nitrite to nitrate:

NO, + 0,50, = NO;-
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RESULTS OF THE LIFE ALCHEMIA PROJECT
Radionuclide removal in the HMO pilot plant in Viimsi, Estonia

Siiri Salupere, PhD
researcher in radiation protection
Institute of Physics, University of Tartu
Estonia

17.06.2021
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OUTLINE

How does HMO work for
radionuclide removal?

What does it mean for a
water treatment plant
operator?

Regulatory requirements in hian Vi
Estonia | . » ;
Results:

Radium removal efficiency

Radionuclides in filter
backwash water

Radionuclides in filter material




@YALCHEMIA

HMO =
hydrous manganese oxide

Radium removal*:
Sorption on MnOQO,

Sorption on hydrous oxides
Fe(OH),
Mn(OH),

*Also works for other bivalent metal
cations.

RADIONUCLIDE REMOVAL WITH THE HMO-TECHNOLOGY. HOW DOES IT WORK?

M nl'l+

MnOOH

MnO centres x

il
“
|
§

MnOOH

/ MnO, centres

N

FeOOH

FeOOH
Fe(OH), Ra%** Fe(OH),

Fig.: Goi et al., 2019. Journal of Water Process Engineering 30 (2019) 100464
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RADIONUCLIDE REMOVAL WITH THE HMO-TECHNOLOGY. WHAT DOES IT MEAN?

9@ Clean drinking water _ . Accumulation of radium in |
[ ] [ ] I ﬁ L
=~ for the consumers the filter material i -

1.158 m
NORM waste management

(Naturally Occurring Radioactive Material) | morium
Potential increase of indoor 222Rn.

Compliant with drinking
water quality standards

Ingrowth of 228Th in the filter. Aok sy
Radium
High solubility
Filter material
Radon gas
Lonw solubility
228
Th Palanium
Bismuth
222Rp
Lead
: Consumers
Ra-rich Fhai

groundwater

Uranium series

Fig.: Nelson et al, 2015. Environmental Health Perspectives, 123(7).




REGULATORY REQUIREMENTS FOR RADIOLOGICAL PARAMETERS

Drinking water
Parametric values given by EU Directive 2013/51/Euratom.

< 0.10 mSv/year
< 100 Bg/L
< 100 Bg/L

Indicative dose (ID)
Tritium (3H) activity concentration

Radon (??2Rn) activity concentration

Committed effective dose from all the radionuclides* in
water.

*Excluding tritium, potassium-40, radon and short-lived
radon decay products.

A; — Activity concentration of radionuclide in water (Bg/L)
f; — Effective dose coefficient of the radionuclide (Sv/Bq)
V — Yearly water consumption (2 L per day = 730 L per year)

Filter material
Limit values given by EU Directive 2013/59/Euratom.

Exemption levels

226Ra: 238 decay series 1000 Bqg/kg
228Ra, 228Th: 232Th decay series 1000 Bq/kg
Dose criteria for NORM 1 mSv/year

Our aim with the HMO pilot plant:
OPTIMIZED TREATMENT
Remove as much radium as needed to

guarantee ID < 0.10 mSv/year.
Not as much radium as possible!

Reduce NORM accumulation.



Ra-228 removal efficiency (%)

100

o0

f0

50

30

20
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Periodic dosing Pilot plant
Average Ra removal 55% temporary
Average |D 0.12 mSv/yr B shut down

271018 16.12.18 04.02.19 26.03.15 15.05.19 04.07.19 23.08.19 12.10.19 011219 20.01.20

]

HMO dose 0.15 L/h

| - - e

Average Ra removal 90%
Average |D 0.03 mSv/yr

10.03.20
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RESULTS: RADIONUCLIDES IN FILTER BACKWASH WATER

Filter backwash samples @ Ra-226
® Ra-228
12.00
Pilot plant
o temporary
-~ 10.00 shut down
=
«Q
= 8.00
k=
!
A
£ 6.00 2
Q)
£ ®
S 4.00 @
Fy @
>
T 2.00
Filtrate <
0.00
Most of the radium is not removed from the filter 19.07.18 27.10.18 04.02.19 15.05.19 23.08.19 01.12.19 10.03.20 18.06.20

material.
Backwash water is discharged directly to the sewerage.
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RESULTS:
RADIONUCLIDES IN
FILTER MATERIALS

Radionuclides
accumulate more
on the upper part
of the filter.

Exemption levels
exceeded in
anthracite -
NORM waste.

Exemption levels
are not exceeded

in sand -
regular waste.

ALCHEMIA o0

Anthracite

®Ra-226 ®Ra-228 ®Th-228

= 3500 Pit|0t plant Pilot plant
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Sand
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350
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50 .
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Activity concentration (Bqg/kg)

o
4.02.2019

Pilot plant
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down

15.05.2019

23.08.2019

® Ra-226 @®Ra-228 @®Th-228

Pilot plant
temporary
shut down

1.12.2019 10.03.2020 18.06.2020 26.09.2020



CONCLUSIONS

HMO technology for drinking water treatment:

Continuous dosing (HMO dose rate 0.15 L/h) ensures radium removal efficiency 80-90%.
Significantly lower NORM waste generation rate than the current technology in Viimsi.
Stable performance when the technology is operated continuously.

THANK YOU FOR YOUR ATTENTION!
Any questions?

The study is performed in the framework of the LIFE ALCHEMIA project - LIFE16 ENV/ES/000437

(www.lifealchemia.eu) — which is financially supported by the LIFE Programme of the European Union.

The presentation reflects only the views of the authors. The European Commission/Agency is not
responsible for any use that may be made of the information it contains.
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CIESOL, Centro de Investigacion de la Energia Solar

El CIESOL fue creado en 2005, es un centro de investigacion conjunto, entre
la Universidad de Almeria y el Centro de Energia, Medio Ambiente y
Tecnologia (CIEMAT) adscrito al Ministerio de Ciencia e Innovacion.

W23 UNIVERSIDAD
7 DE ALMERIA N\ :;{234 CIESOL

CenTRO DE INVESTIGACION DE LA ENERGIA SoLAR
CENTRO MIXTO UALPSA CIEMAT i,

Centro Interdisciplinar:
Fisicos, Quimicos, Bidlogos e Ingenieros de diversas ramas.

Investigacion dirigida a diversos sectores industriales:

Energia solar térmica de media y alta temperatura

Tratamiento de aguas (desalacidn, purificacidon, microalgas)
Integracion de la energia solar térmica y fotovoltaica en edificios
Diseno y optimizacion de sistemas de refrigeracion y calefaccion solar térmica
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Descripcion de las plantas Alchemia (Almeria)
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Introduccion y objetivos del proyecto
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LIFE ALCHEMIA

Hacia un tratamiento integral e inteligente de la radioactividad
natural en los servicios de abastecimiento de agua

www.lifealchemia.eu

IALCHEMIA

T [T Principales objetivos del proyecto

DRILLING Eliminar la radioactividad natural del agua de consumo humano a
h través de sistemas sostenibles basados en lechos filtrantes.
@ Minimizar la generacion de Materiales Radioactivos de Origen
Natural (NORM) en esos tratamientos.
Replicar las soluciones demostradas en el proyecto LIFE ALCHEMIA
en otros paises Europeos.

~ -
HHl D -
Underground water . Llfl;?l At‘!-(I:DII-IOEth IA :
with NATURAL o

radioactivity 9 1 pilot plant in the Viimsi Parish (Estonia) DRINKING WATER TREATMENT
! . | i DRINKING WATER
9 3 pilot plants in the province of
Almeria (Spain)
VA CHEMIA CARTIF orncos @ ClesoL ) il i M UNIVERSITY or TARTI W
<o . DE ALMERIA _ S mesgewmesyle 1NN ‘

e —— .
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Descripcion de las plantas
Alchemia (Almeria)

Analisis de agua bruta
Materiales de relleno

v Life u ‘.}“' "’6,:
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UBICACION PLANTAS ALCHEMIA

@ - WATER TREATMENT
P PLANTS SlTU ATION B PLoT PLANTS ALCHEMA

T e AT N\
1) r~.'_“ S O \ T
L rf

[ i

Lagm L TAHAL

a4
X\

ALBOLODUY

, ey - O BENIZALON
Alboloduy —— G . Benizalon

*:: o vy M UNIVERSITY or TARTU Vlmswfves'
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Caida de presion
en cada tanque

TO NUNIKCPAL WASTE

AT T ~ 0,5 kg/cm2

Operacion
controlada por la
necesidad de
agua tratada y

. fRm—. por la
o ) s disponibilidad de
; agua en el tanque
FILTRACION BAJO PRESION u e u o de agua bruta
Caudal Nominal 10 m3/h ey ety
A lLife =3 i T ez e o
( ALCHEMIA "] CARTIF  gromaon @ clEsoL) s or M UNIVERSITY or TARTU V
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s
Programado cada 24h
10 minUtOS de RAW WATER TANK A
contralavado o
5 minutos L-;; e
asentamiento omoe veso
CAUDAL NOMINAL ) )
5 Caida de presion
20 m3/h en cada tanque
~ 1 kg/cm2
Life SR i . e MG S i ’
ALCHEMIA ["4i] CARTIF  gromcon i Dot B AR T oA V”"SV"'
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_ Contribucion a la Dosis Indicativa Total
| u | Ra [ Pb | Po |

74,4% 3,3% 18,3% 4,0%
En todos los casos el los niveles de actividad alfa 57,9%  30,9%  80%  4,0%

] . I ) . 256%  597%  153%  3,1%
total excedieron los limites siendo necesario

' iti : Los isétopos de Radio y Uranio son |
realizar analiticas completas para determinar la 05 15070p0s de Radio y Tranio son 105

predominantes en las tres aguas

Dosis Indicativa Total representado > 80% DIT

ALBOLODUY BENIZALON TAHAL
Radionuciide T
DTN 0218:0031 35,46% BT s43:042 34,69% DI 0.392:0.043  16,43%
DT 0.02120.005 T 0.090:0.013 T 0.010£0.002
T 0.239:0.034 35,70% DT 2.4020.29 22,29% T 0.229:0.026
| %R VL BRETTIN  0.195:0017 BTN 0.061:0.004
<0.020 0133:0013  18,94% 0.070:0.009  41,32%
<0.001 0.016£0.003 0.0030£0.0005
0.008 18,32% 0.056 BT o 15,35%
DG 00220 msvyy BTN 03537 mswy INEIN  0.0853 msvyy
@A cremia [ CARTIF glgggctm 3:" :" i ooy [l UNIVERSITY or TARTY V

|
[
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ETAP

Alboloduy
AB

Benizaléon

@ LACHEMIA

1° Tanque de filtracion (T1)

KATALOX LIGHT
WatchWater ©
Manganese dioxide coated
zeolite (10%)

(1.000 Kg)
KATALOX LIGHT PLUS
Watch Water®
Manganese dioxide coated
dolomite (15%)
(1.450 Kg)
KATALOX LIGHT
WatchWater ©
Manganese dioxide coated
zeolite (10%)

(1.000 Kg)

] CARTIF

2° Tanque de filtracion (T2)

ZEOSORB
WatchWater ®©
Zeolites
(748 Kg)

FERROLOX
Watch Water®
Ferric Hydroxide (75%)
(600 Kg)

KATALOX LIGHT
WatchWater ®
Manganese dioxide
coated zeolite (10%)

(1.000 Kg)
DIPUTACION CIESOL
DE ALMERIA neizm s e

- Alboloduy: los principales is6topos son U234 y U238
(74,4% DIT). Alta salinidad y baja [Fe]. Primer filtro: Katalox
light, buena eficiencia para eliminar Ra y U. Segundo filtro:
Zeosorb ha demostrado eliminar eficientemente Ra del agua
y ser un buen intercambiador de iones.

- Benizaldn: los parametros fisicoquimicos cumplen con la
normativa y las caracteristicas radiologicas de esta agua
son las mas complejas, ya que la DIT (0,34 + 0,005
mSv/aio) supera en 3 veces el valor fijado por reglamento.
Contribucién U (57,9) y Ra (30,9%)

- Tahal: el agua bruta supera los limites umbral de concentracion de
Fe establecidos por el RD 314/2016, Mn esta cerca del limite y los
isotopos de Ra (Ra-228 41.%) son los principales radionucleidos
responsables de la DIT (59,7%). Primer y segundo filtro: Katalox
Light (zeolita recubierta de MnO2) porque es eficiente en la
eliminacion de Mn y Ra.




KATALOX

LIGHT

ADVANCED FILTRATION MEDIA

Appearance
Odor

) us
Mesh size -

Uniformity Coefficient
Bulk densit s
ulk densi

Y sl

Moisture Content

Filtration

for Fe®* alone
Loading as
Capacity for Mn*=" alone

for H_S alone

Granular black beads

none

14 x 30

06 - 1.4 mm

=173

66 Ib / fi®

1060 kg / m*

=<0.5 % as shipped

<32 micron
3000 mg |

85000 mg / ft? [aprx)
1500 mg /|

42500 mg / ft? [aprx)

g00 mg |
14000 mg / ft? [aprx]

LIFE ALCHEMIA - LIFE16 ENV/ES/000437

www.ciesol.com

ZEOSORB
[Maturally Minad)

NManganese dioxide
Hydrated Lime

89%

10°%
3 %

>80°%

>9.39%
=3%

- el
'~~':,.:’7$ALCHEMIA

OO ~?".

| CARTIF

DIPUTACION
DE ALMERIA

e —— .

@ o)

Inlet water pH
Freeboard

Minimal Bed Depth
Optimal Bed Depth
Service flow

Backwash wvelocity **

Backwash time **
Rinse time **

us
=]
us
=]
us
=]
us
=]

3.8 - 1035

40%
29.3
73
47
120
4 -8
10 - 20
10 -12
23 -30
10 -135
2 -3

inches
cm
inches
cm
gpm,” ft*
m,/ h
gpm,/” ft=
m, h
minutes
minutes

for 1.0 mg/1 of

H.O, 0.9 mg/|
1.0 mg/|

KMnO,/Cl

1.8 mg/|
2.0 mg/|

4.5 mg/|
5.0 mg/|

* Ootional: Only  the water dossn't have sufficient ORP
[Ohidation Reduction Potential to oxidize the contaminants.
helps to keep the media surface clean and could be

used during backwash.

LT“.‘ UNIVERSITY or TARTU "'“"'-SWV ESI
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Resultados

Calidad del Agua tratada

A it B &
QA\LQHEWA 5] CARTIF  promao *  vNIvER .




Life :
ALCH EM IA www.ciesol.com

First (17/05/19), second (22/07/19) and third sampling (November 2019) |wmsb| cHEmicAL SPECIATION

Stop Operation COVID-19 l 3 months

CHEMICAL REGENERATION in Tahal (July 2020) = | Fourth sampling (filter materials)

l Fifth (November 2020) and sixth
Continuity with the operation in the three Pilot Plants |= sampling (February 2021)

!
CHANGED FILTERS MATERIAL (Tank 1in TH and BN), February 2021
and improving the BACKWASHING OPERATION

l !

Operation optimization |==| sampling (April, May, June and July 2021) |—| FINAL CONCLUSION

a2
AtcHEMIA | ("] CARTIF g amsnsror @ iRy Ty Vo O
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A AR ARRRAG] AL50LODUY

Limite DIT 0.1 mSv/y

- - % reduccion .
ALBOLODUY |Radionucleidos Eliminacion % ABIVEEE el ACtIVId.ad chiz Actividad alfa DIT entrada Dif salida DI'.I" o
total Entrada salida total mSv/y mSv/y reduccion %

U-238 (Bg/l) 0,2160 0,2360 -9,26
U-234 (Bg/l) 0,2160 0,2290 -6,02
17/05/2019 0,25 + 0,019 0,31 +0,023} 0,28+ 0,021 0,0158 0,0161 -2,32
Ra-226 (Bg/l) 0,0046  0,0009 80,43
Ra-228 (Ba/l) <0,020 <0,020
U-238(Bg/l) 0,204 0,190 6,86
U-234 (Bg/l) 0,204 0,199 2,45
11/11/2019 0,28+0,04 0,22+0,03 0,23+0,04 0,0147 0,0138 5,89
Ra-226 (Bg/l) 0,003 0,002 33,33
Ra-228 (Ba/l) <0,020 <0,020
U-238 (Ba/l) 0,219 0,203 7,31
U-234 (Bg/l) 4,09
A ELRUEN S Mt 0,25:0,04 0,200£0.025 0,19+0,024 | 0,0159 0,0147 7,53
Ra-226 (Ba/l) 10,0039 0,0022 43,59

Ra-228 (Ba/l) <0,020 <0,020

Como se puede observar, la reduccion de U234 y U238 es insignificante. Sin embargo, el Ra226
muestra un mejor comportamiento debido a la adsorcién en el material filtrante.

@ETL_CHEM'A [ T ] CA?TIF %’!kg‘;'ﬁk CiesoL *:: ey A ﬂll‘u UNIVERSITY of TARTU VHHSVEM

Eliminacién de Uranio y
Radio estrechamente
ligada a la eliminacion

de hierro.

Agua con muy baja
concentracion de hierro
y muy alta salinidad
especialmente debida a
la alta concentracion de
iones cloro, sodio y
sulfato lo que reduce la
eficiencia del lecho
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Eliminaciéon de Uranio y
Radio estrechamente
ligada a la eliminacion

s B de hierro.
Ra-226 U-234 U228 .
45 03 Agua con muy baja
0,006 s @y 19 0y 83 | 1A H
o \\ | b ; | om | "~ —s | COncentracion de hierro
g = — e | [ —— —snm tni
Soou | N N e | |2 — i) (5.9 i y muy alta salinidad
S 0003 SN ~C 0ct 20 T a8 e LU e B 5B . .
£ 000 N— B g B | == | | especialmente debida a
0001 = il la alta concentracion de
’ ABB AB-TL ABT2 E-A AB-TY AB-T1 BB BT b iones CIOrO, sodio y
) ' sulfato lo que reduce la
. : ficiencia del lecho
Actividad del Ra228 por debajo del eficiencia de

limite de deteccion Se propone la adicion

de hierro o el uso de

U-234 U-238 .

Diferentes condiciones de operacion: May-19 1483 6.02 026 otros materiales _como

: : : Trappsorb combinado
A) Lavados: Nov-19 10,78 735 7,35 con Crystolite
Mayo y julio 2019 : retrolavado con agua. Oct-20 216 4.09 231
Noviembre 2019: retrolavado con H202 (50%). ' ' '
Noviembre de 2020 y febrero de 2021:retrolavado con agua.

—
i L"’* etk u @ My ALLINN UNIVERSITY OF UNIVERSITY or TARTU v-mswfvs s1
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BENIZALON

Limite DIT 0.1 mSv/y

BENIZALON |Radionucleidos Eliminacion % AMIGELIChE ACtIVId.ad chiz
total Entrada salida

"ot reduccidn
% reduccion o i radal DIT salida
Actividad alfa
mSv/y

total

DIT reduccion %

U-238 (Bg/l) 2,500 1,500 40,00
U-234 (Bg/l) 3,600 2,100 41,67
17/05/2019 4,3+0,3 1,8+0,22 0,2923 0,1358
Ra-226 (Bq/l) 0,090 0,007 92,78
Ra-228 (Bg/l) 0,125 0,020 84,00
U-238 (Bg/l) 0,930 0,600 35,48
SVERVELNEL 034 (Bg/l) 1,620 0,940 41,98
Outlet (T1) 1,9+0,3 110,17 0,2053 0,0694
Ra-226 (Bq/l) 0,177 0,022 87,57
Ra-228 (Bq/l) 0,160 0,023 85,63
U-238 (Ba/l) 2,07 1,14  44,93(T1)
Jheybliph)| U-234 (Ba/l) 3,15 1,53 51,43 (T1)
112/ 3,2¢04 1,2+0,14 0,3625 0,0929
Ra-226 (Bg/l) 0,372 0,0035 99,06
Ra-228 (Ba/l) 0,21  <0,020 >90,48

La reduccion de la actividad Alfa total es acorde con la reduccion de la DIT.
Aspecto a tener en cuenta en el control y operacion de la planta.
AAT diez veces superiot.al limite con DIT inferior al limite.

( Life :
@;&_L_(;HEMIA [ ] CARTIF lesoL) i s

DIPUTACION
DE ALMERIA

En este caso, se
obtiene una buena
reduccion tanto para
los isotopos de
Uranio como de
Radio. La dosis
indicativa de este
influente de agua
supera el limite.

Con el tratamiento se
consigue un agua
apta para consumo a
pesar de la actividad
alfa total
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| validaciény operacién de las plantaspioto | BENIZALON

Ea-234 Ra-228 =134
" -3

04 025 ———may 13 = 3

L33

oA —w 0.2 s NOV-19 L s |
i - iy 5
EM5 i EO]S oct 20 El‘ — ey T E ' —
w02 © = 1 = g -1B
= S M 1 2 E Pls-l
T o a o1 - b | B
= = 3 5 1 e i

-] 005 I i 358 <

1] h‘-""‘-\..._h‘—‘_‘-.-‘— \\ 15

2 = 0 L} "
B g Bt LT BN-B BN-TL BN-T2 S ) B TL [FF ] A BTl il

Differents conditions in samples to optimization de Eliminacion de Uranio y Radio Porcentajes de reduccion
operation: i imi 1A

) Washings: estrechamente Ilga_da a la eliminacion — 1.1 1
- May 2019: backwashing with water. de hlerro.

May-19 3512 92,78 41,67 40,00

- November 2019: backwashing with H202 (50%).
- November 2020 and february 2021: backwashing
with water and using a blower to increase ORP

La mayor parte de la eliminacion de Nov-19 18,78 84,75 29,63 -50,538
radionucleidos tiene lugar en el T1 Dic20 3427 99,06 5143 4493

o
(4 L‘.L«-—— ECHNOLOG u ‘@ IR TALLINN UNIVERSITY OF m UNIVERSITY o TARTU vuuswfvs S\
ALCHEMIA  ["0f] CARTIF grmaox 48 cesoL) il i ) mavaiar, N
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Validacion y operacion de las plantas piloto TAHAL
total Entrada | total salida mSv/y mSv/y reduccion % .,
total reduccion tanto para
U-238 (Bg/l) 0,37 0,24 35,14 I is6t d
17/05/2010 [Iaa A e S 3271 60£0,14 0,520,090 0,0916  0,0316 0s  Isotopos €
Ra-226 (Bg/l) 0,091 0,0014 98,46 PO 19E= ’ ’ Uranio como de
Ra-228 (Bg/l) 0,081 0,021 74,07 ; ;
U-238 (Bg/l) 0,910 0,570 37,36 {an,”o' ] La dosis
11/11/2019 U-234 (Bq/l) 1,160 ~ 0,710 25,79 1,70+0,15 0,9+0,11 0,1171 0,0651 indicativa de este
Ra-226 (Bg/l) 0,061 0,019 68,85 e e ! ! influente se
Ra-228 (Bg/l) 0,066 0,034 48,48 ¢ del
U-238 (Ba/l) 0,409 0,35 14,43 e,nc_uen ra cerca ae
pl )k kLPI) U-234 (Ba/l) 0,594 0,52 12,46 0,80£0,110  0,48:0,06 0,0779 0,0431 limite.
Ra-226 (Bg/l) 0,076 0,017 77,63
Ra-228 (Bq/l) 0,055 <0,020  >63,64 Con el tratamiento se
U-238 (Bq/l) 0526 0,304 42,21 ;
Wl plrey U-234(Ba/l) 0850 - 0411 22155 1,00:0,22  0,29+0,03 0,0779 0,0336 consigue - tin agua
Ra-226 (Bg/l) 0,054 0,019 69,81 T T ’ ’ apta para consumo a
La reduccion de la actividad alfa total es acorde con la reduccion de la DIT. alfa total

Aspecto a tener en cuenta en el control y operacion de la planta, coste analiticas para
pequenas poblaciones. AAT diez veces superior al limite con DIT inferior al limite.

: Life » , u “ :. ~
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Different conditions in samples to optimization de

operation:

A) Washings:

- May and july 2019 : backwashing with water.

- November 2019: backwashing with H202 (50%).

- November 2020 and february 2021: backwashing
with water before chemical regeneration

Eliminacién de Uranio y Radio
estrechamente ligada a la
eliminacion de hierro.

Con el tratamiento se consigue un
agua apta para consumo a pesar de la
actividad alfa total.

La mayor parte de la
eliminacion de radionucleidos
tiene lugaren el T1

— i R

LIFE ALCHEMIA - LIFE16 ENV/ES/000437

www.ciesol.com

# 4

[Tk ]

Eliminacion de
Radio > 90%

Eliminacion de
Uranio > 45%

Aguas con altas
concentraciones
de hierro (THy
BZ) favorecen la
eliminacion de
Ray U mediante
coprecipitacion

Porcentajes de reduccion

Fe Ra-226 Ra-228 U-234  U-238
May-19 g 12 98,46 74,07 3571 35,14
Nov-19 3401 63,93 48,48 33,10 59,23
Oct-19 685 77,63 >63,64 12,46 14,43
Feb-21 38,90 92,59 89,47 51,65 42,21

Al ife

[ ] CGARTIF
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DIPUTACION
DE ALMERIA
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¢ Se estan acumulando los radionucleidos en el relleno?

Resultados

Materiales de relleno

BN [ T - Yo (P YR—. ¥ B
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Directiva 2013/59/Euratom del Consejo de la UE
Pendiente de su completa transposicion

Materiales con radionucleidos naturales

Valores de exencion o desclasificacion para radionucleidos naturales en
materiales solidos en equilibrio secular con sus descendientes:

Radionucleidos naturales de la serie del U-238 (U-234, Ra-226 y otros) R GL WA

Radionucleidos naturales de la serie del Th-232 (Ra-228 y otros) 1 kBqg / kg

)
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RESIDUOS SOLIDOS NORM
Niveles aplicables a los residuos NORM en kBq/kg (Bq/g)
En Espafia, la Orden IET/1946/2013, de 17 de octubre, Anexo de la Orden IET/1946/2013 de 17 de Octubre
regula la gestion de los residuos NORM Radionucleido Todos los materiales
U-238 (sec) incl. U-235 (sec) 0,5
Caracterizacion de los residuos NORM: Contenido de 150
radionucleidos inferior o igual a los niveles establecidos Ra-226+ 05
en la tabla pueden ser gestionados de forma 5
: 5
convencional 1
U-235+ 5
En el caso de la mezcla de radionucleidos, debe aplicarse 51’
la regla de la suma de los cocientes entre Ila 0,5
concentracién del radionucleido presente (Ci) y el nivel :‘;3222‘5;1’ i
aplicable (Cli) de modo que se verifique la siguiente 05
expresion: 5
E C;C < 1 (Sec): Radionticlido en equilibrio secular con todos sus descendientes.
i=1.n i i = (+): Radionuclido en equilibrio secular con sus descendientes de vida corta.

MAS RESTRICTIVA QUE LA DIRECTIVA 2013/59 EURATOM
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ALBOLODUY

TANQUE 1 TANQUE 2

U-234
Fecha (Bq/kg)
Material
Inerte 4616

May-19  48+5
Nov-19 5519
Jul-19 607
Nov-20  62i7

U-238  Ra-226
(Ba/kg)  (Ba/kg)

476 32+3
51+5 362
5515 68+4
59+7 71t 6
658 4314

U-238y U-238 [Ba/ke)

B 885883

=
(=T =]

[AB-T1, tank1)

ﬁ’-

[=]

Vim3)

5000 10000 1nnne

~,

Ra-228
(Ba/kg)

28+3
302
4414
44+ 4
28+2

[AB-TL, 1mndk 13

0n3)

0
1119
18305
19500
20900

U-234

Fecha (Bq/kg)
May-19 21+3
Nov-19 2215
Jul-19 2715
Nov-20 2414

U-238
(Ba/kg)

2944

34+6
376
275

Ra-226
(Ba/kg)

22+2

27+2
276
3243

Ra-228
(Ba/kg)

29+4

55+4
58+5
61+5

(m3)
1119

18305
19500
20900

(AB-Tank2)

"\,"

RELLENOS EN BUEN ESTADO DE
OPERACION LEJOS DE SER NORM

15000 20000

>
J=3
M
a3
m
E
>
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10000
V(m3)

15000

) -

[AB-Tank2)

s Ra-225

m—Ra-220

10000 15000 20000

V (m3)
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|:/'£§?-———‘ LIFE ALCHEMIA - LIFE16 ENV/ES/000437
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EVOLUCION CONTENIDO RADIONUCLEIDOS BEN IZALON
TANQUE 1
U-234 U-238 Ra-226 Ra-228 \' U-234 U-238 Ra-226 Ra-228 \Y)
Date (Bqg/kg) (Ba/kg) (Ba/kg) (Ba/kg) (m3) Date (Bq/kg) (Ba/kg) (Bq/kg) (Bg/kg) (m3)
I:,:zteer:lea 16+6 17+6 3943 28+3 0 May-19 387147 286+35 125110 211+17 438

Jul-20 460147 320+34 120410 181+14 800

May-19 580+45 416433 5515 384 438 Nov-20 707+106 501+76 163+13 260+20 2400

Nov-19 326+28 223+20 54+4 47+4 653
Jul-20 449435 305124 144+12 214+14 800
Nov-20 332148 224+33 180+15 262+21 2400

uuuuuuu (BN-Tank2] [BN-Tank2)

W RELLENOS EN TORNO AL LIMITE NORM —
o REGENERACION PREVISTA CON KCI —

L-IHH L2 aH (Bl )
- BE B B ﬁ ﬁ B &

(=]

Lo

Wirmd|

fLET 1500 2000 2500
V (m3)
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>
=
M
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m
=
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EVOLUCION CONTENIDO RADIONUCLEIDOS

TAHAL

U-234 U-238 Ra-226 Ra-228 \Y U-234 U-238 Ra-226 Ra-228 V
Fecha (Ba/kg) (Ba/kg) (Ba/kg) (Ba/kg) (m3) Fecha (Ba/kg) (Ba/kg) (Ba/kg) (Ba/kg) (m3)
Material Material
Inerte 466 47+6 3243 28%3 0 Inerte 46+6 47+6 3243 2813 0
may-19 114+13 89110 394+33 422+33 2010 may-19 109+12 90410 58%5 58%5 2010
nov-19 121421 88+16 26701220 26501206 13200 nov-19 136+18 109+15 290+14 307124 13200
jul-20 (before jul-20 (before
chemical Reg) 149+21 51+8 2680+211 2310147 17395 chemical Reg) 124+12 104+10 406134 377+25 1739
jul-20 (after jul-20 (after
chemical Reg) 2815 376 996182 1124+147 17395 chemical Reg) 133110 105+12 167+10 177116 1739
nov-20 110+11 76%9 1180+100 1180+90 26523 nov-20 10615 86+13 1297+£107 1338+109 26523
fah_21 1N2411 an+1n 107N0+250 1050+120 22017 feh-21 9649 R4+8  1020+180 Qan+1A 22017
fH-Tankl) [TH-Taaki1] (TH-Tank-2) | | (TH-Tank2)

U238y L- 238 (Bafkg)

Wim3|

A life
<®ALCHEMIA

REGENERACION QUIMICA CON KCI.

| CA3TIF
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0 10000

20000
Wim3)
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0 10000

RELLENOS CON ALTA CONCENTRACION DE RADIONUCLEIDOS.
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REGENERACION DE LECHOS FILTRANTES MEDIANTE TRATAMIENTO CON
DISOLUCION CONCENTRADA DE KCI. T1 DE TAHAL.

La regeneracion permite controlar la acumulacion de radionucleidos

evitando la generacion de residuos NORM 11 dosis de disolucion de KCl,
" ~ | Ratio en peso KCl/Material filtrante = 1,06
. (TH-Tankl) (TH-Tankl) (639 kg de KCl)

~~ Volumen tratado hasta la regeneracion
(T1) =17325 m3
— Tiempo de contacto por lote = 90 minutes

Rz-223

140

oo 120
— | -2 34
s |- 2 35

U-238y LU-23
[
o BEBEE

- 488848

- T I v TR T Se incorpora la regeneracion
, cada 2000 m3 tratados y el
Removal percentajes Gamma dentro de los tanques contralavado a pH 6 a la
Ra-226 | Ra-228 | U-238 U-234 | [ Tanque 1 (de 1,04 a 0,66 uSv/h) estrategia de operacion de la
63 51 77 g1l | Tanque 2 (de 0,3 a 0,14pSv/h) planta

o Life .
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Resultados

Consumos de Agua y Energia

Plantas ALCHEMIA vs Plantas de Osmosis inversa

- Ll'je':_ o )
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AT ALBOLODUY

~

= BENIZALON -

~ ~
FROM
WATER WELL ot > B TO MUIICIAL WASTY
D A WAT B e WO
— ey ~n FAN WATER TANK o
WATER WLl A - R — GRP - 150001
> - o WATIOR NETHORK
A WATEN T
QoW . YR80 ) e, r-—""— ‘
. s
e STAGE et BTAGE
mTn ¢ | Tonnm Y
> = ) . &
v — T » 70 MEvEnsE

\1"’1 | CMOSE PLANT

L_P_FJLI ._’ = -1, V‘]v: v

iy MRS 1 ANT >

v
4 A Y
- - - .
v
LS VO
CLEAN WATER A > {onkss _— 1
o = =of Y - ) A A

-

Tanque de agua bruta garantiza la estabilidad del flujo Tanque de agua bruta garantiza la estabilidad del flujo
Filtracion y retrolavado con bombas Filtracion y retrolavado con bombas

> >

> >

» Retrolavado con agua bruta > Depasito de agua limpia para retrolavado
> Restricciones importantes de agua durante el verano > Tanque de agua bruta provisto de aireacion
>

Tanque de agua bruta provisto de aireacion
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- p TO MUNICIPAL WASTE

FRO& WATER NETWORK
WATER WiELL
= TQREVERISE
DEAA0SES PLANT
[ 3
& ] A "
w
v
O Pozos de suministro 100 m mas altos que la
ubicacion de la planta. ressmva | |V — 1
O La operacion de filtracion se lleva a cabo sin s i) I
bomba. L ] -
O Agua limpia del depdésito para el retrolavado
L4 L‘—-»* [ FCHN ] CA?TIF u @ NI TALLINN UNIVERSITY OF
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PLANTAS ALCHEMIA vs PLANTAS OSMOSIS INVERSA

Datos recogidos entre 12/2019 y 06/2021

.| ALBOLODUY | BENIZALON TAHAL

03/06/2021 03/06/2021 03/06/2021

ALCHEMIA PLANT WATER TREATED (m3) 22.739 3.906 37.037
ALCHEMIA PLANT DRINKING WATER PROCUCED (m3) 20.312 2.989 33.278
REVERSE OSMOSIS PLANT WATER TREATED (m3) 152.595 30.651 43.206

REVERSE OSMOSIS PLANT DRINKING WATER PROCUCED (m3) 88.718

ALCHEMIA INDICATOR (ALCHEMIA WATER TREATED
(m3)/ALCHEMIA PLANT DRINKING WATER PROCUCED (m3))
ALCHEMIA INDICATOR (RO PLANT TREATED (m3)/RO PLANT
DRINKING WATER PROCUCED (m3))

26.858

19.459

ALCHEMIA REJECTION (%)
RO REJECTION (%)

WATER REJECTION REDUCTION (%)

RESULTADOS MEJORABLES REDUCIENDO LOS TIEMPOS Y FRECUENCIA DE LAVADOS
*:: :f"}i\.‘-'::} .:-’,‘k;,w‘:,:-; ﬂlm UNIVERSITY or TARTU VHHSVES'
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PLANTAS ALCHEMIA vs PLANTAS OSMOSIS INVERSA
Datos recogidos entre 12/2019 y 06/2021

-l ALBOLODUY | BENIZALON | TAHAL
FECHA 03/06/2021 03/06/2021 03/06/2021

KWh ALCHEMIA ENERGY CONSUMPTION 5.585 858 859
KWh REVERSE OSMOSIS ENERGY CONSUMPTION 97.718 19.958 34629

ALCHEMIA PLANT DRINKING WATER PROCUCED (m3) 22.739 3.906 37.037

REVERSE OSMOSIS PLANT DRINKING WATER
PROCUCED (m3)

ALCHEMIA INDICATOR= KWh ENERGY
CONSUMPTION/DRINKING WATER PROCUCED (m3)
REVERSE OSMOSIS INDICATOR= KWh ENERGY
CONSUMPTION/DRINKING WATER PROCUCED (m3)

ENERGY CONSUMPTION REDUCTION (%)

152.594 30.651 43.206

RESULTADOS MEJORABLES REDUCIENDO LOS TIEMPOS Y FRECUENCIA DE LAVADOS

g P
*:: Lot civponi M UNIVERSITY or TARTU WHSWVESI

DE ALMERIA




" Life ~
ALCHEMIA

www.ciesol.com

Resultados

Seguridad del entorno de trabajo
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LIFE16 ENV/ES/000437

VISITA DE CONTROL DEL CONSEJO DE SEGURIDAD NUCLEAR (11/09/2020) CSN 5 SEGuRlonD NucLerg

Supervision de la operacion en plantas piloto de Tahal y Benizalon.
Toma de medidas radiolégicas con sus equipos y con el equipo de supervision del proyecto ALCHEMIA

Informe de inspeccion % " . Gamma en diversos RADON cerca de los

sobre seguridad del lugares de las plantas tanques por debajo del

edio ambiente de . limite de cuantificacion
trabajo en las plantas 0’1 S - 0’1 T I’ISVIh < QL (20 Bg/m?)
pﬂoéo de T|§h8| y F 2 (sin restar radiacion de
enizalon “ fondo = 0,12 uSv/h)
G L_‘,:;* b ‘ u :@ [IIHEIQH - ATy b ’.
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Conclusiones
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CONCLUSIONES

4 )

La tecnologia de lechos cataliticos filtrantes basados en MnO, es sensible a la composicion del agua a tratar, no
solo respecto a los radionucleidos presentes sino también al resto de aniones y cationes.

\§ J

(" Altos contenidos en hierro (TH y BZ) favorecen la coprecipitacion del Ra y U mientras que la alta salinidad de las )

aguas (AB) compite reduciendo la eficacia de los lechos.

\_ Aspecto a tener en cuenta en ETAPs alimentadas por varios sondeos. )

(" Los resultados relativos a la eliminacién de radionucleidos muestran la estrecha relacidn con la eliminacién de )
hierro. La operacion de la planta sin adicidon de reactivos da buenos resultados, no obstante, puede optimizarse el
mediante el control del pH y la adicion de reactivos que aumenten el ORP para promover la coprecipitacion del
\_ uranio con hierro y manganeso. Y,
4 )

La operacion de retrolavado puede optimizarse para aumentar la vida util del filtro evitando convertirse en
residuos NORM vy dilatando la necesidad de realizar regeneraciones.

\_
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CONCLUSIONES

La regeneracion quimica con KCI se presenta como una estrategia de control de la acumulacién de radionucleidos
en los lechos filtrantes.

)

ambiente de trabajo no supone el minimo riesgo radioldgico a los operarios.

En cuanto a la operacién hidraulica, se ha logrado un funcionamiento estable de las plantas
debido al éptimo disefio y construccion. En este sentido, se han demostrado importantes ahorros de agua (=80%)

[ Los resultados muestran como a pesar de la acumulacion de radionucleidos en los materiales filtrantes, el
[ y energia (= 85%) en comparacion con la ésmosis inversa.

| i
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ECOGRANULARWATER

PROYECTO LIFE16/ENV/ES/196 ECOGRANULARWATER

Proyecto demostrativo para el tratamiento de agua subterranea con
un sistema innovador basado en tecnologia granular aerobia.

Fco. Javier Garcia Martinez
Jefe de Servicio del Ciclo Integral del Agua y Energia
Diputacion de Granada

Socio coordinador: Socios beneficiarios:

EMPRESA DE AGUAS

D. . E-.:ﬂ-:“i.:.:
o e . Ootero ==
ECOGRANULARWATER SO cEpAR




ALCHEMIA 0. INDICE DE CONTENIDOS. Llfm

1.- Datos generales del proyecto.

2.- Contexto y problema ambiental.

3.- Objetivo del proyecto.

4.- Area de Actuacion.

5.- Disefnio y construccion de la planta a escala real.
6.- Resultados: rendimientos del sistema.

7.- Resultados: analisis econdmico.

8.- Resultados: analisis de ciclo de vida.

9.- Acciones divulgativas.




1. DATOS GENERALES DEL PROYECTO. LIT'S

ECOGRANULARWATER

Programa LIFE - convocatoria 2016.
Sector: Aguas (agua potable).

Fecha de inicio: 1/09/2017.

Fecha de finalizacion: 30/09/2021.

Socios: Diputacion de Granada, Universidad de Granada, Universidad de Aalto
(Finlandia), Construcciones Otero S.L. y Gedar S.L.

EMPRESA DE AGUAS

Dyttt % A Qotero ==

== ¥ enfoque constructivo e =
NZAMOS | UNIVERSIDAD Aalto-yliopisto

DEGRANADA GEDAR

Presupuesto total del provecto: 995.000 €
Subvencion aprobada: 546.113 € (54,94 % del total)
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2. CONTEXTO Y PROBLEMA AMBIENTAL. R

MAP 3. Trends in nitrates

" concentrations in groundwater

; between the reporting periods
- " 2008-2011and 2012-2015, for
stations with an average annual
nitrate concentration equal to or
L = JJ’ above 50 mg/L in 2012-2015.

T e
| sralld il
= NITRATES DIRECTIVE EU-28
% Liastron o REPORTING PERIOD 2012-2015%
[ . T Oaael
EU28
GROUNDWATER
STATIONS >= 50 NO3 mg/I
Hrresi
O Trend NO3 mg/l
v <.5 strong decrease
L =>+5 strong increase

SOURCE:
REPORT FROM THE COMMISSION TO THE
COUNCIL AND THE EUROPEAN PARLIAMENT on the
implementation of Council Directive 91/676/EEC
concerning the protection of waters against pollution
caused by nitrates from agricultural sources based on
{:.;( Member State reports for the period 2012-2015
Brussels, 4.5.2018, COM(2018) 257 final
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MEDIDA PREVENTIVA

PROYECTO LIFE +. Convocatoria 2010

EUTROMED: Técnica demostrativa de

0 e prevencion de la eutrofizacion provocada por
EUtrUI‘T]Ed nitrogeno agricola en las aguas superficiales
e Prevencién de la eutrofizacidn en clima mediterraneo
U;H{Dﬂ—f-:m;”} por nitrégena agricola
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Tecnhologia actual: 6smosis inversa.
MEDIDA CORRECTIVA

3 TN |

BUSQUEDA DE UNA
ALTERNATIVA MAS SOSTENIBLE

€COGRANU L.&RWATER
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Demostrar a escala real en municipio entre 500-1.000 habitantes

TECNOLOGIA GRANULAR AEROBIA PARA LA ELIMINACION DE
NITRATOS, DEL AGUA SUBTERRANEA

“*Menor consumo energético.

VIABILIDAD VIABILIDAD VIABILIDAD
TECNICA ECONOMICA AMBIENTAL

“*No generacién de residuos.

“*Menor consumo de agua.

: §

“*Agua apta para el consumo
humano (RD 140/2013; Directiva

UE 2020/2184).
“* Menores costes de explotacidn.




Municipio de Torre Cardela, Granada. FETFT A

Habitantes: 813 (Padrdn 2016). S B BB

Analisis realizados en pozos y manantial de Torre Cardela, |- ﬁ,ﬁ

Abril 2013: i*"?*"”
cr NO, SO, Na®* NH, K Mg™ ™

Pedrin Survey 15,662 58,407 4,89 na. 0,393 33475 131,774

Dona Marina Survey 22,858 2,108 40,216 9,516 n.a. 0958 3299 68,532
Fuente la Bella Survey | 12,962 46,965 5,41 na. 0,329 33,792 115,512

Avenida Jaén Well 19,678 78,211 10,917 na. 875 33329 116,85

0

Declaracion de NO APTITUD del agua de abastecimiento en el pasado.
Actualmente dispone de un sistema de OSMOSIS INVERSA para la eliminacidn
de nitratos.

Lif

ECOGRANULARWATER



INSTRUMENTACION

-Sensor PH

-Sensor Redox

-Sensor galvanico digital de oxigeno
-Controladores para sondas analégicas y
digital

-Detector de nivel flotador

-Medidor electromagnético de caudal

REACTIVOS

- Bomba dosificadora

compacta de membrana

5. DISENO Y CONSTRUCCION DE LA PLANTA A L|f5

ESCALA REAL.
CONSTRUCCION

AIREACION

-Soplante

- Rotametro

- Difusor+membrana
burbuja gruesa 9”

BIORREACTOR y AGUA DE PROCESO

- Tuberia de metacrilato de 490 mm
- Uniones flexibles en acero inoxidable
- Depdsitos cilindricos de 500 litros

BOMBEO Y FILTRACION

-Filtro de arena y equipo de control
automatico

- Bombas centrifugas horizontales de Q 12
m3/h, 2 m3/hy 6 m3/h

BASTIDOR y BASE REACTOR
- Estructura de acero Inox 304 en tubo
50x50x3
- Base troncocdnica para soporte en acero Inox
304

ECOGRANULARWATER
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B ESCALA REAL.




5. DISENO Y CONSTRUCCION DE LA PLANTA A L|f5

ECOGRANULARWATER

ESCALA REAL.

BIORREACTORES:
- 12 Fase: Biorreactor de metacrilato.



file:///C:/Users/usuario.PC-914288/Desktop/ALCHEMIA/VID-Visita_Prueba_20190208.mp4

A | ife _ o~ 7 T
@NACHEMIA 5 DISENO Y CONSTRUCCION DE LA PLANTA A Lif&

- ESCALA REAL. R

BIORREACTORES:
- 12 Fase: Biorreactor de metacrilato.



file:///C:/Users/usuario.PC-914288/Desktop/ALCHEMIA/VID-Visita_Prueba_20190208.mp4

Life . o~ i Py
ALCHEM|A 5- DISENO Y CONSTRUCCION DE LAPLANTAA | |f=

= ESCALA REAL. g

BIORREACTORES:

- 12 Fase: Biorreactor de metacrilato.

- Biorreactores inoculados con granulos formados en laboratorio
a partir de lodos de EDAR. I

&
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file:///C:/Users/usuario.PC-914288/Desktop/ALCHEMIA/COLUMNA%20FUNCIONANDO.mp4
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@\ALCHEMIA 5- DISENO Y CONSTRUCCION DE LA PLANTA A Lif2

‘ ESCALA REAL. S

CONDICIONES OPERACIONALES:

4 fases secuenciales:
- Llenado.

- Aireacion.

- Decantacion.

- Vaciado.

Actualmente funcionando con ciclos de 2 horas (12 ciclos/dia).
Sistema alimentado con 100 mg/| de acetato de sodio y otros
nutrientes: cloruro de potasio, magnesio sulfato, dipotasio
hidrogeno fosfato, entre otros.

Agua de salida pasa a través de filtro de arena.

Posterior cloracion.

Lavado periodico de filtro de arena.

Tratamiento de agua de lavado en humedal artificial.



file:///C:/Users/usuario.PC-914288/Desktop/ALCHEMIA/Video-granulos.mp4
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] ESCALA REAL. S

BIORREACTORES:
- 22 Fase: 2 biorreactores adicionales de poliéster.
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A 5. DISENO Y CONSTRUCCION DE LA PLANTA A
ESCALA REAL.

1 | | 5 I 6 | 1 8
T S——— |
[=gas i aB
.-.-.‘.:,. L £l —  Lineade Agua
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ELIMINACION DE MATERIA
ORGANICA

COD Removal Biorreactor 1

0 3 7 14 20 30 40 50 60 70 80 S0 100 110 120
Operational days

El Sistema presenta un
rendimiento por encima del 95%
en eliminacion de materia
organica.

@YALCHEMIA 6, RESULTADOS: RENDIMIENTOS DEL SISTEMA. LIf
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6. RESULTADOS: RENDIMIENTOS DEL SISTEMA. =!l..

NO3 removal Borreactor 2
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Con la puesta en marcha de los 3 biorreactores,
sistema presenta un rendimiento por encima del
60 % en eliminacion de nitratos.
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En una primera fase se llego al 80 %. ~ §

Operational days




H EMIA 6, RESULTADOS: RENDIMIENTOS DEL SISTEMA. =1l

BIOSEGURIDAD: RECUENTO DE UNIDADES FORMADORAS DE COLONIAS EN EL AGUA

110 2300
1 7
58 116

El agua a la salida del filtro de arena cuenta con menor presencia de bacterias
gue el agua subterranea.

ESTUDIOS DE ECOTOXICIDAD: los realizados hasta ahora no han detectado
ningun toxico en el agua de salida del sistema biologico.
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A PARTIR DE ESTOS RESULTADOS DE EFICIENCIA DEL SISTEMA,
RENDIMIENTO, AUSENCIA DE TOXICIDAD

EN
FASE

~

- Solicitud de Informe sanitario de “proyecto de nuevas instalaciones”. RD 70/2009-

Reglamento de Vigilancia Sanitaria y Calidad del Agua de Consumo Humano de Andalucia.

- Estudio de patentabilidad del sistema.

- Andlisis econdmico y analisis de ciclo de vida, comparando Osmosis inversa y sistema

Ecogranularwater.
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Planta de 6smosis V Planta biologica
inversa S- ~ECOGRANULARWATER-

\—'—I

Analisis Coste Efectividad

»
€/m?3
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e

* Costes financieros (l): operativos.

DIRECTIVA MARCO DEL * Costes financieros (Il): inversion en
AGUA infraestructura

* Costes del recurso (de oportunidad) vy
costes ambientales




e ALCHEMIA 7 RESULTADOS: ANALISIS ECONOMICO.

COSTES FINANCIEROS (l). Operativos

Tecnologia

Variacion
porcentual del

Conceptos €/m’ Estructura porcentual (%) coste en€/m’ de
iversa | EOW | mversa | PEERECW | e
Personal 0,0893 | 0,2228 8,84 33,74 149,50
Energia 0,3856 | 0,0701 38,19 10,61 -81,82
Reactivos 0,4231 | 0,3675 41,90 55,65 -13,14
Membranas vy fltros 0,1117 | 0,0000 11,06 0,00 -100,00
TOTAL 1,0097 | 0,6604 100,00 100,00 -34,59

Lif 2

ECOGRANULARWATER
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COSTES FINANCIEROS (Il). Operativos + Inversion™

Tecnologia Variacion

tual

5 Estructura b

Conceptos €/m porcentual (%) Gel peste en
€/m’ deagua
Osmosis | Planta | Osmosis | Planta | entre ambas

Inversa ECW Inversa | ECW plantas

Personal 0,0893 0,2228 7,69 28,52 149,50
Energia 0,3856 0,0701 33,19 397 -81,82
Reactivos 0,4231 0,3675 36,41 47,04 -13,14
Membranas 0,1117 | 0,0000 961 | 0,00 -100,00
CAE de la planta de tratamiento 0,1522 0,1208 13,10 15,46 -20,63
TOTAL 1,1619 | 0,7812 | 100,00 | 100,00 -32,77

*Planta ECW = 500 Hab

Lif

ECOGRANULARWATER
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W ALCHEMIA 7, RESULTADOS: ANALISIS ECONOMICO.

COSTES DEL RECURSO Y AMBIENTALES. Financ. + Recurso + ambientales

Costes del recurso

p—

Costes ambientales

—

- Coste de extraccion del agua bruta -

Osmosis
(rechazo 42%)

Planta ECW
(rechazo 2%)

- Coste de oportunidad | > Plan de Cuenca
Medida Canon de
42% Agua de correctora vertidos
> rechazo en
OSMOSsIS inversa _
Medida ::> Coste de
defensiva depuracion

Lif

ECOGRANULARWATER
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COSTES DEL RECURSO Y AMBIENTALES. Financ. + Recurso + ambientales

@YALCHEMIA 7. RESULTADOS: ANALISIS ECONOMICO.

feanolosts Variacion

€/m? Estructura porcentual del
Conceptos porcentual (%) coste en €/m?
Osmosis | Planta | Osmosis | Planta :ni:iz; I:]tt':s

Inversa ECW Inversa ECW
Personal 0,0893 | 0,2228 595 | 28,06 149,496
Energia 0,3856 | 0,0701 2571 8,83 -81,821
Reactivos 0,4231 | 0,3675 28,21 | 46,29 -13,141
Membranas 0,1117 | 0,0000 7,45 0,00 -100,000
CAE de la planta de tratamiento 0,1522 | 0,1208 1015 1522 -20,631
Coste por bombeo de agua bruta 0,0599 | 0,0037 3,99 0,47 -93,823
Coste de oportunidad 0,1464 | 0,0090 9,76 1,13 -93,852
Costes ambientales 0,1315 | 0,0000 8,77 0,00 -100,000

Lif 2

ECOGRANULARWATER
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Impacto en el equilibrio financiero del servicio de aguas en Torre Cardela

Ingresos y gastos del servicio de aquas en Torre Cardela (en euros)

Planta de 6smosis. TR = 60% Planta de ECW. TR = 85%

120000

104816

100000
80000

78433

62797 62797

60000
40000
20000

0

-20000
-40000
-60000

-15636

-42019

M Ingresos M Gastos [ Déficit

Costes
. . s d Costes estimados Ah d
Estimacion del ahorro en presupuestados |~ " T orro de
o con la planta de Eecdiaculs or costes
costes del servicio de — Ssmosisinversa
Ahorro en costes de energia
agua de Torre Cardela en la planta de ésmosis 8.181,51 1.859,43| 6.322.08
Ahorro en costes de energia
en pozos 20.383,83 1.258,92 19.121,91
Ahorro en costes de
reactivos 7.143.04 6.204,36 938,68
Ahorro en costes
ambientales (vertidos) 1,648,81 0,00 1.648,81
TOTAL 37.354,19 9.322,71 | 28.031,48
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COMPARACION ENTRE INFRAESTRUCTURAS (HUELLA DE CARBONO)

Inputs CARBON FOOTPRINT (kg CO2 eq)
INFRAESTRUCTURA (6smosis) 1,51E-04
INFRAESTRUCTURA (ecogranularwater) 6,42E-03

CARBON FOOTPRINT

,29
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COMPARACION INFRAESTRUCTURA-PRODUCCION DE LA PLANTA DE OSMOSIS
(HUELLA DE CARBONO)

Inputs CARBON FOOTPRINT (kg CO2 eq)
Proceso Produccion (osmosis) 1,02E+00
Infraestructura (osmosis) 1,51E-04

TOTAL 1,02E+00

CARBON FOOTPRINT
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COMPARACION ENTRE INFRAESTRUCTURA Y PRODUCCION DE LA PLANTA
ECOGRANULARWATER (HUELLA DE CARBONO)

Inputs CARBON FOOTPRINT (kg
CO2 eq)
Proceso produccién 3,92E-01
(ecogranularwater)
Infraestructura (ecogranularwater) 6,42E-03
TOTAL 3,98E-01

CARBON FOOTPRINT

H Proceso produccion (ecogranularwater) W Infraestructura (ecogranularwater)
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COMPARACION ENTRE PLANTAS (HUELLA DE CARBONO)

Infraestructura + proceso de produccion

Inputs CARBON FOOTPRINT (kg CO2 eq)
PROCESO FIiSICO (6smosis) 1,02E+00
PROCESO BIOLOGICO 3,980E-01

(ecogranularwater)

CARBON FOOTPRINT

Ol > 2,5ECW
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ONALCHEMIA 8, RESULTADOS: ANALISIS CICLO DE VIDA. LIl
COMPARACION ENTRE PLANTAS (HUELLA AMBIENTAL)

Infraestructura + proceso de produccion

Impacts per m3 Water PROCESO FiSICO PROCESO BIOLOGICO
(6smosis) (ecogranularwater)
Carbon footprint kg CO2 eq 1,02E+00 4,80E-01
Photochemical ozone kg NMVOC eq 3,27E-03 1,63E-03
formation
Acidification molc H+ eq 8,17E-03 3,36E-03
Freshwater kg P eq 3,34E-04 1,32E-04
eutrophication
Freshwater ecotoxicity CTUe 2,41E+01 7,24E+00
100
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Impact Categories

B ECOGRANULARWATER = OSMOSIS
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ECOGRANULARWATER

Sistema biologico eficiente en la eliminacion de nitratos.
Costes de explotacion por debajo de la 6smosis inversa.
Menor huella ambiental y de carbono que la 6smosis inversa.
Menor consumo energético.

Menor consumo de agua.

Sistema versatil, ampliable, adaptable a las necesidades de |a
poblacion.

Ausencia de ecotoxicidad en el proceso.

Iniciativa de economia circular: menor consumo de agua

embotellada, reduccion del consumo energético, reduccion de
vertidos de salmuera.
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ECOGRANULARWATER

.

HORIZONTE 3 ANOS HORIZONTE 4-6 HORIZONTE 7-10
(Corto plazo) ANOS ANOS
(Medio plazo) (Largo plazo)

ESPANA +
PORTUGAL + MALTA

ANDALUCIA +
ANDALUCIA RESTO DE ESPANA

+ ITALIA + OTROS

+ PORTUGAL PAISES EUROPEOS

O
14
O
=
14
14
LU
-

FORTALEZAS FORTALEZAS

* Acumulacionde experiencias en la réplica del proyecto, que ayuden a
mejorar la comercializacion de la tecnologia por el efecto demostracion.

* Cercania a la planta piloto,
para explotar el efecto de

demostracion. N o ,
*+  Know-How acumulado para la soluciéon de problemas técnicos, busqueda

de fuentes de financiaciony adaptacion de la tecnologia a municipios con
diferentes realidades.

* Existencia de contactos
previos con potenciales

clientes.
*  Amplioconocimiento del * Beneficios acumulados de la inversion en promociony difusion de
territorio y su realidad tecnologia previamente realizada.

socioeconomica.
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IDENTIFICACION DE SECTORES ECONOMICOS QUE PODRIAN BENEFICIARSE DE LA TECNOLOGIA APARTE DEL
ABASTECIMIENTO DE LA POBLACION

Distribucidén en % del consumo de agua suministrada por red, segun actividades
empresariales

Industria de |la alimentacion, bebidas y tabaco

Industria quimica y transformacion del caucho y materias plasticas

Servicio de comidas y bebidas
Servicios de alojamiento

Comercio al por menor

Actividades sanitarias, asistencia en establecimientos residenciales

Metalurgia y fabricacion de productos metalicos

; = 0,
.. ’5%
Actividades artisticas, recreativas y otros servicios g 3.5,

Industrias de otros productos minerales no metalicos ] 3.0%

Industria construc. maquinaria y eq. mecanico, material eléct., - 2,8%
2,8%

electrénico y optico y vehiculos transporte
2,7%

Actividades inmobiliarias, profesionales, cientificas, técnicas, - 2 6%

Comercio al por mayor e intermediarios del comercio ! 22552‘2'“

RESTO ACTIVIDADES PRODUCTIVAS  IENG—_———— %
] I e

0,0% 5,0% 10,0% 15,0% 20,0% 25,0%

®m Municipios criticos (91) ®™Andalucia
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REDES SOCIALES: FACEBOOK Y LINKEDIN
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AUDIOVISUALES: 2 SPOTS Y 2 VIDEOS DOCUMENTALES
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Spot LIFE ECOGRANULARWATER.
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