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Chernobyl, Ukraine, 26 April 1986

Released radionuclides
still measurable

> 90Sr: 0.22 10'8 Bq
» 137Cs : 85 1015 Bg

> 239+240py; : 2 1 105 Bq

> 238py : 1.0 1015 Bq .

> 241py:0.17 1018 Bq ¢ °°| | }
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010 | J J 1 I I J l %

Days after initiation of the accident on 26 April 1986



Regional deposition
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Vegetation in CEZ

CEZ: 2600 km?
70 % boreal forest (pine trees)
30 % agricultural land

Red forest




Precipitation, temperature, BLH in the Chernobyl NPP

LONGITUDE : 30.3E
LATITUDE : 51.3N DATA SET: cru_ts_3_10_01.1901.2009.pre.dat

CRU TS 3.10.01 Precipitation
1 | 1

LONGITUDE : 30E
LATITUDE : 51N DATA SET: ERA_interim_data

mm

295. |

160. -

] 286.
120. — jin ) T i T

b4

T 275, -

80. - ‘
| i |

I
:l l ‘ I“ Il.\ | 1
||| ‘ | . i rlul I 265, -
0. || | “ ‘ i ‘
I | I h
0. T T T 28, +—v+—"r""T"TFT—"T—"T"—""TFT—TT—TT—TTT—TT—TT T T T T T T T
1960 1970 1980 1990 2000 1980 1985 1990 1995 2000 2005 2010
PRE[G=an T@AVE] TZM[G=on TAAVE]
precipitation (mm) 2 metre temperature (K)
LONGITUDE : 30E LONGITUDE : 30E
LATITUDE : 51N DATA SET: ERA_interim_data LATITUDE : 51N DATA SET: ERA_interim_data
[ I U RIS R T B N RSN RO SR RS SRR
1000, - i L
— B 280. B
- I ﬂ
E i - - ,
600, — I 1 Nink | +
et LAkt M
NHH W 270. — =
400, L
B s R e ER 260, +———————— T T T T T T T
1980 1985 1990 1995 2000 2005 2010 1980 1985 1990 1995 2000 2005 2010
ALH[G=an TEAVE] STLI[G=on TRAVE]

Boundary layer height (m) Soil temperature level 1 (K)



daily dry matter consumption [Tg/d]

Fire distribution over Europe
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How much cesium might be redistributed after fires?

a meters
0 10 20 30

40 50

meters

Air bcg for Cs: 2.1-4.6 Bq m-3

O Horizontzlplates
& PA serosol samipler

A IBP impactor
{2 units at each spot)
Andersen asnosol
'& samplar
UGy h
o Plot #1 Plot #2 Plot #3
Arca (m’) 3600 5400 B7TT0
Land type Wildland (grass) Wildland (gmss) Formest
Vegetation species Elverigia repens (L.) Elverigia repens (L.) Pinus silvestris
Mewski (85%) Mevski (85%) = . 0

Vegetation height (m) Py 0 s Redistribution 4 %
Biomass density (kg m— ) 04 0.3 24
Litter density (kg m—=) 07 1.25 23
Daose rate range (uGy h™") 10-16 6—10 2—4
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How much cesium might be redistributed after fires?

———— e =B

‘Hoi Burn' — Mean Temperature 6607 C 48 kg of air-dry
heather yielded 0-95 kg of ash 7 2.05% )

Total By Total Bg Smoke loss %%
before burning after burning
e 152000 99 300 39
14Cs 22000 15000 35

'Cool Burn” — Mean Temperature 550°C 50-1 kg of air-dry
heather yielded 2-2 kg of ash (4-4% )

Total Bg Total Bg Smoke loss %%
before burning  after burning
Cs 120 000 106000 12
'MCs 23000 21000 11

Horill et al., 1995
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Goals...

Assessment of the transport and deposition of 13/Cs after fire scenarios

Assessment of the risk of contamination of major human urban centers in
Ukraine, Belarus and Russia due to contaminated smoke originating from forest
fire in contaminated areas

Assessment of the biological and public health consequences of such
contamination.

Forecast of the risk and areas that are particularly likely to suffer from further
contamination due to forest fire

Report of the risk to human health and the level of morbidity due to increased
contamination arising from forest fires

Address of the effects of increased contamination arising from forest fires on
abundance and diversity of animals by using reference organisms inhabiting the
area and modeling applications



Mapping the route to the
y final destination...

RadioClimFire

«‘" Dose to human
and non human
biota

(CROM)

b. Risk
assessment of
animals using
relevant software
(ERICA Tool)

3 fire scenarios to
be studied

ernobyl
accident

Validation of the
results

Insert 137Cs
" in the code

of the model
2 months OI:;TEE,CEO?E;&ES SPITFIRE coupled New transport and O
tests with LMDZORINCA deposition g

per area




LMDZORINCA

TN

LMDz

Laboratoire de
Météorologie
Dynamique

A

GCM

o Offers the possibility
of zoom

N
"
1\ [@7A

INteractions
between Aerosols
and Chemistry

A

Chemistry model

e Canrun in nudged
mode of ECMWF
meteorology

Model description

-
No
ORCHIDEE

ORganizing Carbon
and Hydrology In
Dynamic
Ecosystems
Environment

A

Vegetation model
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m;v\els

o Vertical resolution

39 levels /




VALIDATION

OF SURFACE Model vs Measurements

ACTIVITY
CONC.
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VALIDATION

OF SURFACE Model vs Measurements

ACTIVITY
CONC.
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Cs-137 (Bg m3)

VALIDATION

OF SURFACE
ACTIVITY
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Model vs Measurements

Denmark (E12.07, N55.70)
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VALIDATION

OF CUMUL.
DEPOSITION

Model vs Measurements
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VALIDATION
St o Model vs Measurements
DEPOSITION
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Assessment of the radiological risk to the population in nearby areas

X CE" clsn CROM v6.0.9 - Cidigo de cRiba para evaluaciOn de iMpacto
P Dotz Datab Datab. Database Case  Options  Wiew




Assessment of the radiological risk to the population in nearby areas

o | CF CROM v6.0.9 - Cédigo de cRiba para evaluaciOn de iMpacto = = |3
Databs £ E. ons  Wiew Help

Dispersion in the lee of an isolated point source E]

in sectar p IU.250E+UU

T



Assessment of the radiological risk to the population in nearby areas

o R CROM v6.0.9 - Cadigo de cRiba para evaluaciOn de iMpacto =I5 | €
| Dat Dat ypkion

Dose assessment - Internal irradiation data for the critical group: HCG-1

Type I l




Assessment of the radiological risk to the population in nearby areas

Cex | Cix| CROM v6.0.9 - Cédigo de cRiba para evaluaciOn de iMpacto .=

CROM/Calculation options E]

Liquid di

RIMERS




Dosimetric modeling of the ecosystem (ERICA example)

ERICA approach

[ Activity concentrations in reference media ]

* Transfer to the environment
CR
l DCCs
Activity concentrations Occupancy
in reference organism factors
l DCC
e Estimates of dose to biota from
internal and external Internal dose rate External dose rates
distributions of radionuclide l l

Total absorbed dose rate
e Establish the significance of the
dose rates the organisms are u

exposed to - FREDERICA database
- Natural background

Info:



http://www.erica-project.org/
http://www.erica-project.org/
http://www.erica-project.org/

Dosimetric modeling of the ecosystem (ERICA example)

Terrestrial

Solil Invertebrate (worm)
Detritivorous invertebrate
Flying insects
Gastropod

Lichen & bryophytes
Grasses & Herbs

Shrub

Tree

Mammal

Bird

Bird egg

Reptile

Amphibian

Reference organisms in ERICA

Marine
Phytoplankton
Macroalgae
Vascular plant
Zooplankton
Polychaete worm
Bivalve mollusc
Crustacean
Benthic fish
Pelagic fish
(Wading) bird
Mammal

Reptile

Sea anemones/true corals

Freshwater
Phytoplankton
wascular plant
Zoaplanktan
Insect larvae
Bi-valve mollusc
(Gastropod
Crustacean
Benthic fish
Pelagic fish
Bird

Mamrmal
Amphibian

Info:



http://www.erica-project.org/
http://www.erica-project.org/
http://www.erica-project.org/

Dosimetric modeling of the ecosystem (ERICA example)

e

Source

Deposition

:[ Soil and } Desorption, resuspension >
| i i [ Water
| seamen \‘ Deposiion, sorphon

Resuspension

{8a

5 o o iy by,

2 o o

% e < 75 ‘8 < VSic,

€ b S = o <

< for, 5 Y o e
c \ 4 v A ™
[} o) = ~_
S . N R : ~
5 | Herbivores |g Ingestion Shops 3 < < Sink /
€ 2 ¥ \ y
& ; 0«;00' ) /

5 A= o\

Qo SiE 3 T

2 51 G oS 2

3 gle \eC3)

£ Sle o

v
Egesti Ingestion ‘?
Carnivores ;'?;O‘Ti’;rm » Detitus [ P etritus
i Egestion, efc. food-chaing

CRyp,i (dimensionless) = Cy, i/Cgir |

Ingasion?

Info: www.erica-project.org



http://www.erica-project.org/
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Dosimetric modeling of the ecosystem (ERICA example)

ier 2 - Problem Formulation

Fi File File Fle £ File #Assessment Database Help

EDPDTDNEDNEW & open &) save 3 Help
@

Problem Formulal

Formulate your problem

Provide a detailed description of the assessment

Dose assessment to non-human bioka after redistribution of Cs-137 From fire events in the nearby area of the Chernobyl NPP.|

List the transfer pathways and your assessment endpoints

Attach illustration of conceptual model

|[Browse...] -



http://www.erica-project.org/
http://www.erica-project.org/
http://www.erica-project.org/

Dosimetric modeling of the ecosystem (ERICA example)

ssessment Context

File Assessment Database Help

[ new = open [Fl save F Hep

5 Ent ¢

Please select the ecosystem, organisms and radionuclides for your assessment. If you do not have media

concentrations, you can select a built-in dispersion model to use instead.

Isokopes Crganismms Ecosystem

Select from Selected Seleck from Selected

Ag-110m ”~ Cs-137 Amphibian Eird

Am-241 Eird eqg Tree B ] . '

c-14 Detritivoraus invertebrats Flving insects =E rale streening valles

d-109 Gastropod Lichen & bryophytes (&) The ERICA dose rate screening value is 10 pGy h-1.

Ce-141 0l & Herb: 1. | {Dn

CB 144 Mrasses‘ a :r s armmal (Deer) () 40 piEy h-1 For terrestrial animal and 400 piy h-1 for terrestrial plants and
& aml.'na {Rat) aquatic biata. It has previously been suggested that below these values (of

36 Reptile chronic exposure) no measurable population effects would ocour (TAEA 1992;

Crn-242 shrub USDOE 2002; UNSCEAR 1996,

Cm-243 Sail Invertebrate (worm)

ez () Custom value [pEy h-1]: l:l

Co-57

Ca-55 Uncerkainty Factor (UF) [unitless]

Co-60

. (%) UF = 3; This will test For 5% probabililty of exceeding the dose screening value,
VL) assuming that the R distribution is exponential.
Cs-1 () UF = 5; This will test for 1% probability of exceeding the dose screening value,
Cs-136 \ assuming that the R distribution is exponential,
Eu-152
H-3 ~
I-125
I-129

I-131

I-132
1-133 < P () Use site specific media concentration

= ~ Media Activity Concentration

() Use TAEA SR5-19 model:

v < | &

Add Isokope ] [ Add Organism



http://www.erica-project.org/
http://www.erica-project.org/
http://www.erica-project.org/

Dosimetric modeling of the ecosystem (ERICA example)

ikos - Tier 2 - Results

File File File File File File Assessment Database Help

D D DlDN‘DNEGNEWGODEn

Save P Help

FE B B B¢ B R ) s |
These are your results for Tier 2. Click on the tabs to see the assessment details
To finish click -Record decision- tab and provide a justification.
| Risk. || EBackground | Effects | Tables || Plats || Rules || Record decisi0n|
This tab contains summarise radiobiological effects data to provide guidance
on the types of effects that may be seen at given dose rates.
2rganism
Effects
Dose rate range [pGy h-1] Dose rate [pGy h-1] Species Endpaint Effect
10.0 Small grouse ME Mo skatistically significant effect on weight of birds
10,0 Large grouse ME Increase in infestations with parasites of Feather and gastroenterine {no value given)
30,0 Tree swallow R Mo statistically significant effect on breeding success measured by clutch size, hatching success, fledg
S0-100 Effects reported within this dose rate range hawve also been reported occurring at lower dose rate bar
100-200 Effects reported within this dose rate range have also been reported occurring at lower dose rate bar
200-400 Effects reported within this dose rate range have also been reported occurring at lower dose rate bar
400-600 Effects reparted within this dose rate range have also been reported occurring at lower dose rate bar
600-1000 Effects reparted within this dose rate range have also been reported occurring at lower dose rate bar
1000-5000 Effects reported within this dose rate range hawve also been reparted accurring at lower dose rate har
S5000-10000 10000.0 Chickens (Barred Rock) RC Severe reduction in the number of oocytes contained within bwao week old birds when compared with
= 10000 Mo data in FREDERICA for effects observed at this dose rate range
)
< >
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