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Tolerability in a NORM situation

• For RP experts  1 – 20 mSv / a.

• For the workers  Whatever is negotiated and

written in the law.

• For the public  Other interests are often

involved, but, as low as possible.



Management of phosphogypsum in ponds 

(example of Huelva City)



Fertilizers Production (Fertiberia)

• Phosphate rock from the

north of Africa.

• H2SO4 process.

• Commissioned in 1968.

• 1968-1997
• 20% released to the river.

• 80% accumulated into ponds.

C. Dueñas 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 m2

• Mass of residues:

80 000 000 000 kg

• Avg conc raw material:

U238 (sec. eq.) ~ 1.5 Bq g-1

• Avg conc residues:







Scenarios

1. Dilution in the environment.

2. Ponds not remediated.

3. Remediation using a clean soil cover.

4. Transportation of the residues to another

landfill.

5. Recycling of the residues.



Answers

• 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:
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• By the public (years later):

The residues must dissapear.
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Answers

• New stakeholders panel (TERRITORIES EU

PROJECT).
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Answers

• Is there a final answer?



Management of residues from coal-fired 

power plants in Spain



Coal-Fired Power Plants – Pilot project 

- CSN - 2005
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Behavior of radionuclides in coal combustion



Protocolo de actuación para la evaluación del 

impacto radiológicoCentral no analizada o sobre la 

que se han realizado 

modificaciones importantes

Recopilación de valores 

iniciales, específicos de la 

central o conservadores

Evaluación preliminar de 

dosis efectiva

Trabajador más expuesto y 

Miembro del público más expuesto

¿ Concentración o dosis

<< nivel de referencia? 

CENTRAL NO 

NECESITA CONTROL
SI

NO

Evaluación detallada:

• Recopilación de datos específicos en la central

• Caracterización radiológica exhaustiva

• Recopilación de parámetros locales

• Recopilación de hábitos y dietas

Evaluación de dosis:

• Trabajadores  y 

• Miembro del público

CENTRAL NO 

NECESITA CONTROL 

ADICIONAL

¿ Concentración o dosis

<< nivel de referencia?

RECOMENDACIONES PARA SU 

REDUCCIÓN/CONTROL

SI

NO

FASE 1



Radiological Impact of the Spanish Coal-Fired 

Power Plants  - UNESA - 2011 - 2015



Situation for CFPPs

• For RP experts  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) 161–169.

 

Layer # Non-Hazardous waste Hazardous waste 

W (m) K (m s
-1

) W (m) K (m s
-1

) 

1 > 1 - > 1 - 

2 - - - - 

3 > 0.3 - > 0.3 - 

4 High-density polyethylene (HDPE) or Polypropylene (PP) 

5 Non used > 1 < 10
-9

 

6 > 0.5 - > 1 - 

7 Waste (width fixed in this study) 

8 > 0.5 - > 0.5 - 

9 High-density polyethylene (HDPE) or Polypropylene (PP) 

10 > 0.5 < 10
-9

 > 0.5 < 10
-9

 

11 > 1 < 10
-9

 > 5 < 10
-9

 

 



Answers

• Is there a final answer?
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