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Introduction

* In all continents, some currently or potentially inhabited
areas are contaminated with man-made radionuclides due to
either historical industrial activities or emergencies (PA
Mayak area in Russia, Marshall Islands, Chernobyl affected
areas in FSU countries, Goyania in Brazil, Fukushima
prefecture in Japan, etc).

In some of the affected areas the environmental
remediation would result in substantial reduction of public
exposure.

The remediation of areas with elevated radiation levels
presents an actual problem for a number of countries and
involves significant efforts and resources.
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Most topical areas for remediation:

Chernobyl (left) and Fukushima (right)

VILNUS®

[4R20BREDMIAN ]

3,000,000 - 30,000,000
1,000,000 - 3,000,000
600,000 - 1,000,000
300,000 - 600,000
300,000
TR REATUSIRE
WAR-BFHRUN

KHARKOV
@

o
Flendichoy

~
- -
e ———

Q SR e,
Khmelnitskay VINNTTSA

W2
k‘;.

EESTF ki o S8 Ky e 37 LRy

 Areas are different but
radionuclide levels and

remediation needs are similar
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Generic radiological criteria

* The post-emergency remediation becomes topical
after emergency response is terminated and exposure
situation passes to the existing one (guidance?).

Generic reference levels for optimization of
remediation efforts in the existing exposure situations
have been suggested by ICRP and IAEA as a range of

annual effective dose of the Representative Person.

International guidance on the selection ot appropriate
reference levels for typical exposure conditions of the
general public 1s not available yet (except of radon
exposure).
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Derived reference levels

* The dertved reference levels (ambient dose rate
and /or radionuclide concentration in environmental
media and foodstuftfs) are more suitable for
practical application.

* While generic dose criteria can be elaborated in
advance for typical conditions, the derived reference

levels (DRLs) are rather event/area specific.

DRILs can be calculated from the generic RLs by
means of appropriate models with event/area
specific parameters.
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Assessment of event/area specific DRLs

* Numerous international [ITAEA], regional [PC
CREAM, ResRad] and national [eg ECOSYS-87,
PATHWAY, etc] radioecological models can be used.

* Those models address major human exposure
pathways and take account of:
— fallout 1sotopic composition,
— ecosystem characteristics,
— population age-sex and social structure and lifestyle,
— dwelling types, and

— food rations, etc.
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External radiation
direct from cloud.

Internal dose from
inhalation of radioactive
materials in the air.
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Existing IAEA guidance on
environmental modeling

Safety Reports Series

Generic Models for

Use in Assessing the
Impact of Discharges of
Radioactive Substances
to the Environment
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Handbook of Parameter
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Monitoring for remediation purposes

* The radiological characteristics of the
environment considered as candidate for
remediation should be compared with DRLs

* Targeted environmental radiation monitoring
is, therefore, necessary

* Monitoring grid should be commensurate with:

— Non-uniformity of area deposition of radionulides,

— Scale of local remediation actions
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IAEA guidance on generic and
remediation-specific Monitoring

|AEA Safety Standards

for protecting people and the environment

Safety Reports Series

Safety Reports Series
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Programmes and
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Safety Guide Radiation Monitoring Remediation Criteria

No. RS-G-1.8 for Sites

(Daea

Eiaea




Environmental

countermeasures/remediation

Decontamination of settlements

Agricultural countermeasures:
— Soil-based
— Animal breeding
— Food processing

— Replacement of agricultural crops
Restrictions in forestry
Countermeasures in water industry

Information campaigns




The pre-remediation monitoring plan

Space and time resolution for measurements and sampling,
Ecosystem characterization (climate, soil type, vegetation etc),
Soil monitoring (i situ measurements, depth distribution, etc),
Atmosphere monitoring (air concentrations, acrosol size, etc),
Water body monitoring (water, sediments, fish, etc),
Agricultural foods and raw materials (vegetable and animal),
Semi-natural foods (game, wild fungi and berries, etc),

Supplementary information (demography, dwelling types,
food rations, etc)

Recording and reporting of monitoring data.
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Map of the Russian settlement to be
decontaminated (Fogh et al. 1999)
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Measurement in a grassed area with a Ge
spectrometer and a Reuter Stokes ionization
chamber (Bryansk region, Russia)




Dose rate map of the settlement
before decontamination (nSv/h)
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Dose rate map of the settlement
after decontamination (nSv/h)
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Decontamination of settlements




Some dosimetry aspects (Balonov et al. 1991)

Preliminary calculation of |

: : : Air
decontamination effectiveness 03 /b
for 1989, 3 years after the
Chernobyl fallout

134Cs /137Cs=0.17
S(x)=S(0)-exp(-0.3x), Bq cm™
DRREF strongly depends on the

decontamination radius

T

Confirmed experimentally

|
)
|

[

Model for external effective dose
and averted dose assessment

developed
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Dose rate map of the area to be
contaminated (Bryansk region, 1989
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Memo for the residents and workers
undertaking decontamination
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Amount of decontamination work done in the
Bryansk region, Russia, Summer 1989

Operations

Settlements

Work buildings

Private plots

Territories

Agricultural machine depots, farmyards

Roads, streets

93 (total population: 90 000)
32

Ground removed

Non-contaminated ground delivered

* Averted collective lifetime dose estimated about 1,000 Man-Sv

* Costs very low because job was done by military troops. %




Mean monthly external dose (mSv) of adults
measured with TLDs before and after

decontamination and DRF, %

Oct. 89 1990 June 91

0.35
0.31
0.57
0.47

Total -742'measurements

No secondary contamination observed, see data from 1990 and 1991
24
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L7Cs soil deposition on the polygons of landuse map,
Bryansk region, Russia, 1993 [Yatsalo et al 2000]
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Interface of PRANA code: pathway contribution to
dose before and after remediation [Yatsalo et al 2000]
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ReSCA model for optimization of long term post-
Chernobyl remediation (Ulanovsky et al. 2010)

Monitoring
(Radiological Characterization)
Assessment of exposures

Site characterization:
Land use
Living habits

Radiological criteria

Costs

Available technologies
° Decision on Remediation Occupational exposure
Public acceptance

Settlement-specific set of
actions:

Costs
Averted collective dose

Compliance with criteria
Acceptance




International guidance on
environmental remediation

* Developed mostly in
order to assist in post-
Chernobyl remediation
etforts

-1
TECHNICAL REPORTS SERIES NO. L{ lEl

. - Guidelines for Remediation
Natlonal and Strategies to Reduce the

Radiological Consequences

iﬂt@l’ﬂﬂti()ﬂal resear Ch CONTAMINATED of Environmental

ENVIRONMENTS Contamination

REMEDIATION OF

projects

Summarized by the
IAEA as international
handbook (TRS Ne475)




Conclusions - 1

* Decision on environmental remediation of the inhabited
and/or economically used area and optimization of
remediation program should be preceded by site and
exposure scenario characterization.

* Monitoring erid for remediation purposes should be
commensurate with:

— Non-uniformity of area deposition of radionulides,

— Scale of local remediation actions

* The site characteristics obtained from monitoring results
should be compared with DRLs calculated from GRLs by

means of models with event/area specific parameters.
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Conclusions - 2

e FEnvironmental radiation conditions should be monitored
both at the planning and implementation stages and
following remediation completion.

* Application of GIS in order to process diverse radiological,
environmental and social information proved to be fruitful.

The following guidance should be elaborated internationally
in order to promote justification and optimization of the
environmental remediation:

— Selection of generic reference levels for typical existing exposure
situations;

— Transition from emergency to existing exposure situation.
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