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Tolerability in a NORM situation

* For RP experts 2 1 -20 mSv / a.

* For the workers - Whatever is negotiated and
written in the law.

 For the public = Other interests are often
iInvolved, but, as low as possible.



Management of phosphogypsum in ponds
(example of Huelva City)



Fertilizers Production (Fertiberia)

 Phosphate rock from the
north of Africa.

» H2S04 process.

e Commissioned in 1968.
¢ 1968-1997

« 20% released to the river.
* 80% accumulated into ponds.

37eo 3715

Fig. 1. The location of PG piles around Huelva town.

C. Duenas et. al.
Exhalation of 222Rn from phosphogypsum piles located at the Southwest of Spain

JER 95 (2007) pp 63-74



Fertilizers Production (Fertiberia)

* Total area of the ponds:
120 000 000 m?

* Mass of residues:
80 000 000 000 kg

* Avg conc raw material:
U238 (sec. eq.) ~1.5Bqg g

* Avg conc residues:

6765’

234U ZBEU 234U FEBU Zil]Pu 226 Ra
(Bq/Kg) (Bq/Kg) (Bq/Kg) (Bq/Kg)

= 170 = 110 170 = 110 0,97 = 0,03 660 = 110 /20 = 200
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Scenarios

. Dilution In the environment.
. Ponds not remediated.
Remediation using a clean soil cover.

Transportation of the residues to another
landfill.

. Recycling of the residues.
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* By RP experts:

The remediation with a 1m depth clean soil and
revegetation will assure that effective committed
doses for present and future generations are
well below the dose limits.

Number 3 was the solution adopted by the
experts+regulators+politicians, funded by the
Company and almost totally applied.
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* By RP experts:

Chemosphere
Wolume 230, September 2019, Pages 219-229

ELSEVIER

Pollution evaluation on the salt-marshes under
the phosphogypsum stacks of Huelva due to deep
leachates

José Luis Guerrero * & &, Isidoro Guti¢rrez-Alvarez * &, Fernande Mosc

Tenerio “8, Juan Pedro Bolivar *E

bitumen modifier

El peligro de la
filtracion a la Ria de Huelva

Juan Pedro Bolivar experto en radioactividad insiste que no hay peiigro para la poblacion salvo que se produzcan
filtraciones a la Ria solo asi podria llegar a afectar al ser humano

Valorization of phosphogypsum wastes as asphaltic

A.A. Cuadri!, F.J. Navarro"®, M. Garcia-Morales!, J.P. Bolivar®

Informes Técnlc
292011

huelva24.com Viernes, 13 de Julio de 2.

Cursos de verano de la UNIA

El catedratico Juan Pedro

Evaluacion radiologica
del apilamiento

de fosfoyesos de las
marismas del rio Tinto

(Huelva)

» Juan Pedro Bolivar
Departamento

de Fisica Aplicada,
Universidad de Huelva

» Rafael Garcia-Tenorio
Departamento

de Fisica Aplicada Il,
Universidad de Sevilla

» José Luis M. Matarranz
Subdireccion de Proteccion
Radioldgica Ambiental,
CSN

£l compljo quimico de Huelva alberga el mayor conjunta de praduccion de dcido foskirico
de Eurnpa. La produceidn de este material, del que se derivan fertilizantes y otros productos
de amplio uso, deja como residua i q i
radiactividzd de origen namural, de los cuales se han acumulado ya més de 80 millones de
toneladas desde el inicio de Ia actividad, en 1968,

Para conacer el posible impacta que los spilamisntas de estos fosfoyesos podrian estar
produciendo sobre los trabajadores, el piblico y el medio ambiente, el CSN encargs al Ciemat
dos estudios sobre la situacitn radiolgica de las balsas que los contienen. y que ocupan
unas 1.200 heetdress, que fueron realizados en 1989 y 1998

Aparirde eswdios, de
Huelva y Sevilla, han lisvado 3 cabo un progecto de 1+ [2004-2007), financiado por el
Conseja de Seguridad Nuclear, en el marca de su plan de accidn sobre &l conerol de la
expusicidn debida a la radiacién nawral. £l objetivo fundamental ha sido realizar una
evaluacitn del posible incraments de ka exposicién recibida por Ios trabajadares o el pablico
&n relacifn con Ia produccitn de Scido fosfrico en Ias plantas onubenses y Iz pestion de los
fosfoyesos simacenados en sus alrededores.

Desde hace A0 anos,en

172008

las proximidades de la cindad de Huel-
vay mds concretamente en los margenes
dela ria formada en la confluencia de las
desembacaduras de los rios Tinto y Odiel,
se localiza un gran complejo de industria
quimica bisica que inchiye, antre otras,
diversas plantas dedicadas a la produc-
ciém de acido fosforico a partir del tra-
tamiento de roca fosfitica importada. Bl
acido fasfrico producido es fandamen-
talmente utilizada para la posterior fabri-
cacion de fertilizantes fosfatados, palifos-
fatos sédicos para detergentes y otras
aplicaciones

El proceso de produccion de acido

Fiirico al 70%, reaccién que origina dci-
do fosfirico, y como sub-producto, un s6-
lido denominado fosfoyeso (FY}, com-
puesto mayoritariamente por sulfato
cilcico dihidratado (CaS0, H,0). De for-
ma muy simplificada, la reaccién quimi-
ca producida es:

Roca fosfitica + Acido sulfrico
Acido fosfrico + Fosfoyesa
Las mencionadas plantas son actual-
mente las mayores productoras de dcido

fosforico en el smbito de la Unién Earo-
pea. Enell Imente apro-

fosforico en dichas plantas se basa en ¢f
ataque de la roca fosfitica con acido sul-

Bolivar asegura que los
fostoyesos de Huelva "son los
depoésitos mas estudiados del

mundo”

ximadamente unos dos millones de tone-
ladas de roca fosfitica para la produccion

|atFa |39
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ANswers
* By the public (years later):

The residues must dissapear.

Fosfoyesos: el ecocidio de Huelva

REPORTAJES CONTAMINACIO

El 'Fukushima' de Huelva:

oOrs . ‘7 ;
AL PROYECTO DE : <-‘ " 1" El 'Fukushima' de Huelva: 120 millones de toneladas toxicas de fosfoyesos a 500 m

FERTIBERIA toxicas de fosfoyesos a 500
ST A LA MARISMA metros de las casas




ANswers
* By the public (years later):

The residues must dissapear.

JUAN PEDRO BOL

Huel

S

,,,,, L Noticias

Juan Pedro Bolivar (JULIO 2014) #fosfoyesos ~ #huelva ~ #mesadelaria ~ #otrahuelvaes posible ~ #pz

huelvainformacion

Ur:i_estudioddella ?HfU descarta el riesgo e BOI.I’VAR PRETENDE OUE FERTIBERIA
radiactivo de los fosfoyesos

i — NO CUMPLA LA LEY

ENCUESTAS

Juan Pedro Bolivar (MARZO 1995)
Los Fosfoyesos “producen un considerable [ & £ o ¢/ = BN Bk
impacto radioactivo en las marismas”.

BUZON DE DENUNCIAS

mm:égu’%m . Quien defendia en su Tesis Doctoral la radioactividad de
=)

MERCII0CT. - 20 . los fosfoyesos y sus peligros en el entorno, ahora dice lo

sanmins MESADELARI  pontrario. ;QUE HA CAMBIADO? NO MAS MENTIRAS.

lllllll

DENUNCIA

Detenido por suplantar a un profesor de Huelva en
su blog para desprestigiarlo

000
25-01-09 | 14:38
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 New stakeholders panel (TERRITORIES EU
PROJECT).

Stakeholder values Remediation and Reference
Goals, criteria, and Alternatives
preferences

Aquire new

Selection of Criteria information
This praject b:

(¢ C ()N C E PT :;:f,?;:f;%“ﬁjmi Environmental Social Economic
( LR

Sustainability Sustainability Sustainability Document

O l and‘ l«aS§ure
TERRIT RIES ‘—> Weighting of Criteria <—I Uncertainty i
EJP-CONCERT y Report and

communicate

Update

European Joint Programme for the Integration of Radiation Protection Research Review,

H2020 - 662287 approve and
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ audit

D9.67 - Stakeholders panel results/Spain

Decision Support

. ) o 7 o v Decision
: Roser Sala, Silvia G , Ser - . Cl itra, i i
Lead Authors: Roser 5ala, Silvia Gluer‘man ijergl Ldpez-Asensio, Christian Oltra Managerial Review Stakeholder group
Danyl Pérez (CIEMAT) and Judgment

i . _ o Industry representatives
Reviewers: Astrid Liland (DSA), Marie Simon-Cornu (IRSN)

4 Figure 1. Multi-criteria decision analysis approach (Source: Rosén et al., 2015)
an

Public authorities (regional and local)
CONCERT coordination team

Work package [ Task. WPS9 Task9.3 (TERRITORIES) | S5T 9.3.3.3

Deliverable nature: Report

Researchers

Environmental NGOs

Dissemination level: {confidentiality) Public

Contractual delivery date: M9

2017 Political parties
) Public

o 1965-2002 consultation of Total

the remediation

- information and First public project as part
Approved by the coordinator: M43 demonstration of the EIA

Actual delivery date M49

Total number of pages:

Keywords: Participatory MCDA, stakeholders, uncertainties, NORM Little

2018

2002 2011
Mesa de la Mesa de la Participatory Round
Ria is Ria Table
constituted becomes a
political

party

awareness
Submitted to EC by the coordinator: | M49
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 New stakeholders panel (TERRITORIES EU
PROJECT).

Social; 27 Technical; 26

Level of importance (%)

II I I II I T

Researchers Environmental NGOs Public authorities Industry
m Technical (performance and viability) M Environmental Economic M Social

iqure 13. Distribution of 100 Figure 14. Importance of criteria by stakeholders’ groups

Universities and research  Environmental NGOs Public authorities
centres

Industry

Stakeholders groups

M n-situ M Ex-situ Combined

Figure 22. Assessment of the remediation option by stakeholders” groups (average)
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e |s there a final answer?

WOODHEAD PUBLISHING SERIES IN CIVIL AND STRUCTURAL ENGINEERING R O a d

Materials .ng
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Design

Naturally Occurring
Radioactive Materials

in Construction

Integrating Radiation Protection in Reuse
(COST Action Tu1301 NORM4BUILDING)

Design an i Journal

Phosphogypsum Soil improvement
Edited by Wouter Schroeyers LANDFILL MINING Fertilizer
Institutional challenges for the implementation of B u i I d i n g m ate ria IS
resource extraction from waste deposits
CcostE worvd] wp Landfills cover

Niks Johansson Water purification

Road construction




Management of residues from coal-fired
power plants in Spain



Coal-Fired Power Plants — Pilot project
- CSN - 2005

Estudio del impacto radiolégico
4 de las centrales térmicas de carhon
sobre sus entornos

CSN

| AR

1

Coleccién Documentos Ciemat Coleccion Documentos Ciemat

ESTUDIO DEL IMPACTO RADIOLOGICO DE LAS CENTRAL|  ESTUDIO DEL IMPACTO RADIOLOGICO DE LAS CENTRA|  ESTUDIO DEL IMPACTO RADIOLOGICO DE LAS CENTRALE  ESTUDIO DEL IMPACTO RADIOLOGICO DE LAS CENTRAL
TERMICAS DE CARBON SOBRE SUS ENTORNOS. TERMICAS DE CARBON SOBRE SUS ENTORNOS. TERMICAS DE CARBON SOBRE SUS ENTORNOS. TERMICAS DE CARBON SOBRE SUS ENTORNOS.
UNIDAD DE PRODUCCION TERMICA DE TERUEL UNIDAD DE PRODUCCION TERMICA DE LITORAL UNIDAD DE PRODUCCION TERMICA DE COMPOSTILLA Il UNIDAD DE PRODUCCION TERMICA DE AS poNTés
PROYECTO SUBVENCIONADO POR EL CONSEJO DE PROYECTO SUBVENCIONADO POR EL CONSEJO DE PROYECTO SUBVENCIONADO POR EL CONSEJO DE PROYECTO SUBVENCIONADO POR EL CONSEJO
SEGURIDAD NUCLEAR (CONVOCATORIA 2004) SEGURIDAD NUCLEAR (CONVOCATORIA 2004) SEGURIDAD NUCLEAR (CONVOCATORIA 2004) DE SEGURIDAD NUCLEAR (CONVOCATORIA 2004)

] : E B T K

¥

Coleccion Documentos Ciemat

Coleccion

UNIVERSIDAD DE EXTREMADURA UNIVERSIDAD DE EXTREMADURA UNIVERSIDAD DE EXTREMADURA Informes Técnicos

UNIVERSIDAD DE EXTREMADURA

34.2012






Coal-Fired Power Plants — Pilot project

- CSN - 2005

Journal of Environmental Radioactivity 102 (2011) 520—526

Contents lists available at ScienceDirect

Journal of Environmental Radioactivity

journal homepage: www.elsevier.com/locate/jenvrad

Modelling the behaviour of 2!°Po in high temperature processes

J.C. Mora ®*, B. Robles?, ] A. Corbacho?, Catalina Gascé?, M.J. Gazquez©

*Radiological Protection of the Public and the Environment Unit, CIEMAT. Avda. Complutense, 22, 28040 Madrid, Spain
" Environmental Radioactivity Laboratory, University of Extremadura, Avda. de la Universidad, s/n 10071 Cdceres, Spain
© Experimental Sciences Faculty, University of Huelva, Campus del Carmen, 21071 Huelva Spain

Radioprotection, vol. 44, n® 5 (2009} 577-580
@ EDP Sciences, 2000
DOI: 10.1051/radiopro,/20095 106

__ . : Behaviour of natural radionuclides in coal combustion
g o A = - \ = . J.C. Mora', A. Baeza?, B. Robles’, J.A. Corbacho? and D. Cancio’

! Unit of Radiological Protection of the Public and Environment, CIEMAT,
Avda. de la Complutense 22, 28040 Madrid, Spain
2Environmental Radioactivity Laboratory, University of Extremadura,
Avda. de la Universidad SN, 10071 Caceres, Spain
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Cite this: J. Environ. Monit, 2012, 14, 1064
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Contents lists available at ScienceDirect

Chemosphere

journal homepage: www.elsevier.com/locate/chemosphere

Analysis of the different source terms of natural radionuclides in a river Enhancement of natural radionuclides in the surroundings of the four largest
affected by NORM (Naturally Occurring Radioactive Materials) activities coal-fired power plants in Spain

A. Baeza®, |A. Corbacho®, J. Guillén**, A. Salas®, ].C. Mora® A. Baeza," J. A. Corbacho.” J. Guillén,** A. Salas,” J. C. Mora,” B. Robles” and D. Cancio®

*[ARUEX, Dpr. Applied Physics, Faaulty af Vererinary Sdence, University of Exre madierm, Avda. Universidad, s/, 70071 Ciceres, Spain

® Radiation Protection far the Public and Enviromme it Unit, Ermdranmental Department CTEMAT, Madrid, Spain Received 12th December 2011, Accepled Ird January 2012

DOL: 10.1039/c2em10991¢




Behavior of radionuclides in coal combustion

Chi"2DoF  =0.00069
R*2 = 0,99953
W0 001132 4000480
b w1 <0,77332 +0,00156
wi 023548 000332
3] a1 040973 4000552
w2 02378 +0,00213
w2 028457 +0,00449
] A2 032143 +0.00550
9_*-2:_ wcd 097215 0,00682
£ Wi 077 +0.0079
8 A3 320612 +0,05654
;E ] xcd 1.70527 +0,01367
wh 064608 01473
i Ad 1.11819 +0,05545 11
\“f\‘q——— 0
a : -2 -1 0 1 2 3 4
i

log(dian)
logidiam)
Fig. 3. Subtracton of an enveloping lognormal function to the measured size

Fig 2 Measurements of solid particles size in pm, collected from a 4 fields electrostatic predpitator, fitted to a 4 gaussian (log) su disteibution.
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Radiological Impact of the Spanish Coal-Fired
Power Plants - UNESA - 2011 - 2015
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Situation for CFPPs

* For RP experts 2 1 -20 mSv / a.

* For the workers - Whatever is negotiated and
written in the law.

* For the public - Most of the people living In
the zone works for the industry directly or
indirectly. High degree of tolerance.



Methodology

 Explain to the main responsible from each
installation what was the problem. Treat it under
a scientific view.

* Perform the dose evaluations being as neutral
as possible, showing the real situation and
possible alternatives.

* Make the results public.

* Involve the regulators.

» Study all possible impacts.




Juan C. Mora, Antonio Baeza, Beatriz Robles, Javier Sanz. Assessment for the management of NORM wastes in conventional
hazardous and non-hazardous waste landfills. Journal of Hazardous Materials 310 (2016) 161-1609.

Non-Hazardous waste Hazardous waste
W (m) K (ms™) W (m)

>1 - >1

>0.3 - >0.3
High-density polyethylene (HDPE) or Polypropylene (PP)
Non used >1 <10~
>0.5 - >1 -
Waste (width fixed in this study)
> 0.5 - >0.5
High-density polyethylene (HDPE) or Polypropylene (PP)
>0.5 <10~ > 0.5 <10~
> 1 <107 > 5 <107
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Covering (soil for vegetation)

Filtering

Drainage

Waterproof layer — e3>
WaterprOOf mineral Iayer _

Drainage and waterproof

Filtering

Drainage
Waterproof layer ————s

Artificial geologic barrier

Natural geologic barrier
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e |s there a final answer?

WOODHEAD PUBLISHING SERIES IN CIVIL AND STRUCTURAL ENGINEERING

Naturally Occurring
Radioactive Materials

in Construction

Integrating Radiation Protection in Reuse
(COST Action Tu1301 NORM4BUILDING)

Edited by Wouter Schroeyers

Road
Materials .
Pavement
Design

Road ials and Design an i Journal

Science and Technobgy
ation No. 1799

LANDFILL MINING

Institutional challenges for the implementation of
resource extraction from waste deposits

Nils Johansson

Environmental Technol

Department of Management and Engineerin
Linkoping University Linképing
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