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Topics and objectives

Topics:
Agricultural area recovery

Issues in the agricultural areas contaminated 
Pathway exposure through food-chain 

Objectives:
Identify the critical aspects in the preparedness and response for the recovery 
during the transition phase

Approach to dealing with the uncertainties arisen in the transition phase, to prepare 
plans for subsequent recovery

How these criteria and their uncertainties could be taken into account in the post-
accident decision making on recovery management
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Topics for discussion

What do we understand by “the transition phase”

Main concerns during the transition phase

Issues to be addressed during the transition phase:
Food and water control
Radiological characterization of the contaminated areas
Radioactivity surveillance/monitoring programs
Planning and implementation of recovery strategies
Socio-economic implications
Communication management

Objectives and criteria of the restoration plan

Alternative restoration actions

Stakeholders engagement
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Scenario

Scenario is situated during the transition phase after an hypothetical severe nuclear 
accident in the Trillo NPP (Spain), with external release of radioactivity to 
environment. 

The release has ceased, the control over the source has been taken and urgent 
protective measures have been implemented to avoid the exposure to population, 
including evacuation, access restrictions and food restrictions. 

The radioactive contamination has spread in the surroundings of the damaged NPP 
and transported and dispersed through near regions, affecting a both inhabited 
areas and relevant agricultural and farming systems.

The contamination level, range of contamination and affected areas have been 
identified.

The release date is close to the dates of the harvest season resulting in a 
significant radiological contamination in large agricultural and grazing areas and 
with potential to affect to the population through the food-chain along several years.

It has to be decided how to proceed in such a situation. The actions to be taken will 
be focused on mitigating the consequences of the contamination and on preparing 
recovery plans on the agricultural areas and the food-chain affected.
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Territorial scope of action

Severe accident in the Trillo NPP

Release date: 6th July 2017 00:00

Deposition and consequences modelling using JRODOS
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Scenario Trillo (release: July 6 at 00:00)
ground contamination (dry+wet) [Bq/m2] for Cs137 at ~ 3 days
after start of release
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Contamination levels Map key
Total deposition Cs137 

[kBq/m2]

Extremely contaminated > 10.000
Heavily contaminated 1.000 - 10.000
Contaminated 100 - 1.000
Slightly contaminated 10 - 100
Non-contaminated < 10
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Scenario Trillo (release: July 6 at 00:00)
Total potential effective dose [mSv] for Cs137 at ~ 3 days
after start of release
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≥ 100 mSv
Evacuation

Total Effective Dose
(short term) [mSv]
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Scenario Trillo (release: July 6 at 00:00)
Total potential effective dose, except ingestión) [mSv] for Cs137 
at 1 year after start of release
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Total effective dose
through all pathways
(except ingestion) 
(long-term) (1 y) 
[mSv]

20 - 100 mSv
Restriction of 
use

≥ 100 mSv
Definitive
Relocation



This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287.

Land uses affected
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LAND USE
CORINE

TOTAL AFFECTED SURFACE AREA
ACCORDING TO THE DEPOSITION LEVEL (km2)*

2 3 4 5 TOTAL
Urban 305 24 1 0 330
Arables crops 15.285 1.433 125 12 16.856
Permanent crops 543 129 0 0 673
Mixed 1.207 137 4 4 1.353
Natural grasslands 3.782 1.715 129 4 5.629
Pastures 344 38 0 0 382
Forest 3.894 1.510 122 4 5.529
Water 115 12 2 0 129
Other 147 50 1 0 198
Total 25.475 4.998 383 24 31.079

Source: Spanish Annual Statistical Book  

*Considering the whole surface area of municipalities with contaminated areas.

CORINE LAND COVER 2012
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Location of representative agricultural areas
affected

10Uncertain information in decision process 
TR Course, 13 - 15 May 2019. Trnava, Slovakia 10

CELL #3660: AGRICULTURAL
(DEPOSIT LEVEL 3)

CELL #1399: GRAZING 
(DEPOSIT LEVEL 3)

CELL #3500: GRAZING
(DEPOSIT LEVEL 4)

CELl #246: GRAZING 
(DEPOSIT LEVEL 2)

CELL #329: GRAZING & FOREST
(DEPOSIT LEVEL 5)
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Agricultural and husbandry production
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MUNICIPALITY

SURFACE AREA OF CROPS AFFECTED (Ha)

CEREALS LEGUMINOUS VEGETABLES INDUSTRIAL 
CROPS

FODDER 
CROPS FRUIT VINEYARD OLIVE

OTHER 
PERMANENT 

CROPS

GUADALAJARA 189.932 7.176 595 32.989 1.004 21.846 1.658 17.314 41

SORIA 223.995 6.010 1.012 39.868 3.824 892 1.374 - -

FUENTE: ANUARIO DE ESTADÍSTICA. CAPÍTULOS 13 e INE 2009 

FUENTE: ANUARIO DE ESTADÍSTICA. CAPÍTULO 14 

MUNICIPALITY

NUMBER OF 
CATTLE BEEF COW (Tm) COW MILK

TOTAL CARCASS WEIGHT 
TOTAL (1E3 liters)

GUADALAJARA 2.308 3,16 478,27
SORIA 19.653 433,55 2.133,28

PROVINCIA

NUMBER OF 
SHEEP SHEEP MEAT (Tm) SHEEP MILK

TOTALES CARCASS WEIGHT 
TOTAL (1E3 litres)

GUADALAJARA 38.496 494,71 879,56
SORIA 170.795 397,62 399,18
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Food-chain: Relevant pathways and 
Indicators to evaluate them
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Indicators to evaluate the radiological impact and the consequences of the 
contamination

Total deposition of Cs137.
Concentrations of activity in food and feed and space-time evolution.
Contribution of each food to the effective annual dose for ingestion.
Affected area.
Affected population.
Environmental, social and economic impacts

Relevant pathways

Pasture-lamb-milk-cheese

Pasture-cow-milk-cheese

Pasture-cow-beef
Wheat-flour
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Concentration of activity in selected cells
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cell #246 #3660 #1399 #3500 #329

Total Ground
deposition [Bq/m2]

4,20E+04 4,18E+05 6,22E+05 1,25E+06 1,27E+07

Contamination level 2 3 3 4 5
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Temporal evolution of the activity concentration
of Cs-137 in agricultural products
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Temporal evolution of the activity concentration
in cell #1399
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Temporal evolution of the activity
concentration in cell #329
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Temporal evolution of the activity
concentration in Winter wheat
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Recovery alternatives

Do nothing, implementing a monitoring strategy

On the Soil, to reduce the transfer of contamination to the food-chain:
Chemical treatments: Application of Potassium fertiliser
Mechanical treatments:

● Deep ploughing
● Top soil removal

On the cattle, to reduce the activity concentration on the animal products:
Supply clean fodder
Administration of AFCF

On the foodstuffs:
Proccesing of milk for human consumption
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Facilitated discussion questions

Which are the main concerns: health, environmental, social, economic, ...?

What are the objectives to pursue, in the context of the decision that is being 
considered?

What are  the key criteria for selection of strategy?

What are the main uncertainties influencing the decision? 

Choosing/prioritisation the strategy and taking into account the inherent 
uncertainties on:

the knowledge of the real consequences of an accident based on exercise scenario,
goal and criteria during the development of strategies on protective actions and their 
implementation
the strategies to be implemented, and
the potential socioeconomic impact on the affected population) 

How these criteria and their uncertainties could be taken into account in the post-
accident decision making on recovery management

Uncertain information in decision process 
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Support Material 
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Reference levels (ICRP Framework)
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Framework categorising reference 
levels to use in existing and emergency 
exposure situations.

Transition



This project has received funding from the Euratom research and training programme 2014-2018 under grant agreement No 662287.

Contamination levels (deposition)
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1) Is is assumed that radioactive material is still on the surfaces of soil, buildings, goods, etc, and have not
migrated deeper into the soil or other material.

REF: NGR. Protective measures in early and intermediate phases of a nuclear or radiological emergency. 
Nordic Guidelines and Recommendations. 2014

Contamination levels Map key
External dose rate 

[μSv/h]

Total deposition 
Strong gamma and 

beta emitters 
together [kBq/m2]

Total deposition Alpha 
emitters,  [kBq/m2]

Extremely contaminated > 100 > 10.000  > 100
Heavily contaminated 10 - 100 1.000 - 10.000 10 - 100
Contaminated 1 - 10 100 - 1.000 1 - 10
Slightly contaminated < 1 10 - 100 0,1 - 1
Non-contaminated fondo < 10 < 0,1
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Generic Criteria and OILs to take actions
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E – Effective dose.
Hfetus – Equivalent dose to the fetus

REF. Arrangements for the termination of a nuclear a radological emergency. IAEA GSG-11

OILs

E Hfetus E Hfetus (para 9 m)

≥ 100 mSv (1y) ≥ 100 mSv ≥ OIL2 
Substituting evacuation with 
relocation

< 100 mSv (1y) < 100 mSv < OIL2 
Lifting the evacuation. Take othe 
actions (decontamination)

≤ 20 mSv (1y) ≤ 20 mSv < OILT
Lifting the evacuation and terminate 
the emergency.

< 100 mSv (1y) < 100 mSv < OIL2 
Lifting the evacuation. Take othe 
actions (decontamination)

≤ 20 mSv (1y) ≤ 20 mSv < OILT
Lifting the evacuation and terminate 
the emergency.

Food, milk and drinking 
water restrictions in affected 
areas

≥ 10 mSv (1y) ≥ 10 mSv (9m) < 10 mSv (1y) < 10 mSv < OIL6

Lifting after estimating the actual 
doses from the ingestion pathway 
and their contribution to the 
residual dose from all exposure 
pathways

Food, milk and drinking 
water restrictions for 
international trade

≥ 1 mSv (1y) ≥ 1 mSv (9m) < 1 mSv (1y) < 1 mSv < MPL
Lifting of the restrictions on 
international trade of foods and 
feedstuffs

Local restrictions on non-
food commodity

≥ 10 mSv (1y) ≥ 10 mSv (9m) < 10 mSv (1y) < 10 mSv < OILC

Lifting after estimating the actual 
doses for the use and their 
contribution to the residual dose 
from all exposure pathways

Non-food commodity 
restrictions for international 
trade

≥ 1 mSv (1y) ≥ 1 mSv (9m) < 1 mSv (1y) < 1 mSv < OILC

Lifting of the restrictions ontrading 
non-food commodities 
internationally

Evacuation ≥ 100 mSv (7d) ≥ 100 mSv (7d)

Realojo ≥ 100 mSv (1y) ≥ 100 mSv (9m)

Protective action
Generic criteria

ConsiderationFor taking the action To adapt / lift the action To adapt / lift the 
action
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Criteria for food and feed control 

24Uncertain information in decision process 
TR Course, 13 - 15 May 2019. Trnava, Slovakia 

Maximum permitted levels (MPL) of radioactive contamination of food and feed following a nuclear accident
or any other case of radiological emergency (Commission Regulation (Euratom) 2016/52,  15 January 2016) 

The levels for food derive from a dose level (CR) of 1 mSv / year and assuming that 10% of the diet, during the year
following the emergency, is contaminated.
https://eur-lex.europa.eu/legal-content/ES/TXT/?qid=1531135147792&uri=CELEX:32016R0052

Isotope group Infant food
Dairy 

produce

Other food 
for general 

consumption
Liquid food Pig farming

Poultry, 
lambs, calves

Other

All other nuclides (T1/2 

< 10 d), notably Cs-134 
and Cs-137

400 1000 1250 1000 1250 2500 5000

Isotopes of iodine, 
notably I-131

150 500 2000 500

Isotopes of strontium, 
notably Sr-90

75 125 750 125

Alpha-emitting 
isotopes, notably Pu-
239 and Am-241

1 20 80 20

Food Group
Feedstuffs, according  the animal 

consuming it

Maximum permitted level of radioactive contamination [Bq.Kg-1]
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Agricultural countermeasures (selection from
EURANOS Handbook)
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Agricultural countermeasures (selection from
EURANOS Handbook) 
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Factors influencing selection of 
management options (EURANOS Food Hanbook)
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Thank you for your attention!

milagros.montero@ciemat.es

Decision making during the transition phase: establishment and optimisation
of remediation strategies - agricultural area

Scenario-based workshop
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