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Abstract.
A tool called LARCalc, for calculating the radiological consequences of accidental nuclear power plant releases

LARCalc:

An easy-to-use tool to estimate
. . . and the effects of various protective measures. It is thus intended as a rapid alternative for planning
ra d 1a t 10N d oSse an d ris k fro m I d rge protective measures in emergency preparedness management. The tool predicts projected cumulative

effective dose, projected lifetime attributable cancer risk, and residual dose for some default accidental

Sca I e n u C | e a r‘ p Owe r p I a n t fa I | O u t release scenarios. Furthermore, it can predict the residual dose and avertable cumulative LAR resulting from

various protective measures such as evacuation and decontamination. It can also be used to predict the

u SI n g 137CS a S a key n u C | id e avertable collective dose and the increase in cancer incidence within the specified population. This study
presents the theoretical models and updates to the previous models, and examples of different nuclear fallout
scenarios and subsequent protective actions to illustrate the potential use of LARCalc.
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based on estimates of 1*’Cs ground deposition, is presented. LARCalc is based on a previously developed
models that has been further developed and packaged into an easy-to-use decision support tool for training of
decision makers. The software visualises the radiological impact of accidental nuclear power plant releases
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What is LAR

* LAR - Lifetime Attributable Risk

— Cancer risk from a one-time
low dose exposure

— Defined for 15 types of cancer

— Age- and sex-dependent
= Unlike effective dose

Lifetime attributable risk
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Curve fit of LAR for 15 cancers
Data from U.S. Environmental Protection Agency
EPA 402-R-11-001
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What is LAR

* LAR - Lifetime Attributable Risk

— Cancer risk from a one-time
low dose exposure

— Defined for 15 types of cancer
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— Age- and sex-dependent
= Unlike effective dose

« Cumulative LAR, CUMLAR
— Continuous exposure

Lifetime attributable risk
Cases per 10000 person-Gy
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Curve fit of LAR for 15 cancers
Data from U.S. Environmental Protection Agency
EPA 402-R-11-001
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What is LARCalc

LARCalc

Plot variables Countermeasures Plot for: Cc
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Cumulative effectlve dose after fallout
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What is LARCalc

Cumulative effectlve dose after fallout

LARCalc
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What is LARCalc

Cumulative effectlve dose after fallout

LARCalc
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What is LARCalc

Cumulative effectlve dose after fallout

LARCalc

Plot variables Countermeasures Plot for: Cc i 80.06
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Overview of the LARCalc sub-models

Inhalation

", ’ Cancer risk
Atmosphere Ground deposition Food stuff Humans Effective dose

Cloudshine
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Overview of the LARCalc sub-models

Inhalation

Atmosphere Ground deposition

Cloudshine
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Countermeasures

* Indoor stay
— Reduces inhalation dose and external exposure

UNIVERSITY OF GOTHENBURG | SAHLGRENSKA ACADEMY | NERIS Workshop, ERPW Conference, Dublin 2023 2023-10-09




Countermeasures

* Indoor stay
— Reduces inhalation dose and external exposure

« Evacuation
— Eliminates all exposure
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Countermeasures

* Indoor stay
— Reduces inhalation dose and external exposure

« Evacuation
— Eliminates all exposure

* Food restrictions
— Reduces dose from ingested Cs, Sr and |
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Countermeasures

Indoor stay
— Reduces inhalation dose and external exposure

Evacuation
— Eliminates all exposure

Food restrictions
— Reduces dose from ingested Cs, Sr and |

Decontamination
— Reduces future dose from external exposure
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Cumulative effectlve dose after fallout

Countermeasures
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I Decontamination - [ 47.08 %]
[ Evacuation - [ 36.57 %]
[ Food restrictions - [ 12.6 %]

I ncoor stay - [ 3.75 %]
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Indoor stay [/ days
— Reduces inhalation dose and external exposure

Evacuation 1 year s

Time passed since the fallout [years]

— Eliminates all exposure

Food restrictions 50 %, 15 years
— Reduces dose from ingested Cs, Sr and |

Decontamination 50 %, after evacuation
— Reduces future dose from external exposure

Cumulative effective dose [mSv]
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Examples for the population in Dublin (Total 592 713)

I \Vith countermeasures
[ Without Decontamination
[ Without Evacuation
[ Without Food restrictions
I \Vithout Indoor stay

[N Decontamination - [ 47.27 %]
[ Evacuation - [ 38.6 %]
[""IFood restrictions - [ 9.86 %]
I Indoor stay - [ 4.26 %]
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20 30 40 50 60 70 80 90 100

40 50 &0 Age [years]

Age at fallout [years]

The Chernobyl fallout normalized to 1 MBg/m? ('37Cs) and previously mentioned countermeasures
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Examples for the population in Dublin (Total 592 713)

[ \Vith countermeasures
Without Evacuation
[ Without Decontamination
[ Without Food restrictions
I \Vithout Indoor stay
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[ Evacuation - [ 42.23 %]
I Decontamination - [ 36.48 %]
[ 1Food restrictions - [ 18.06 %]
I Indoor stay - [ 3.22 %]

w
o
o
o

N
o
o
o

-
a1
o
o

2]
Q
(7]
©
o
t
[0}
(&}
C
@
o
kel
[0}
o
>
e}
£
:
c
S
5 2500
el
©
g
e}
0]
2
]
=
S
2]
[0}
2
(]
Nt
[}
Ko}
€
=]
z

)
8
Population quantity

20 30 40 50 60 70 80 90 100

40 50 60 Age [years]

Age at fallout [years]

The Chernobyl fallout normalized to 1 MBg/m? ('37Cs) and previously mentioned countermeasures
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Compared to COSYMA

* A similar tool from the 90s
— 0.4x—-4.6x COSYMA

— Suspects uncertainties

mSv/(MBq m-)
COSYMA LARCalc COSYMA LARCalc
Internal effective dose 12.4 23 .4 81 327

External effective dose 0 0.040
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Compared to COSYMA

* A similar tool from the 90s
— 0.4x—-4.6x COSYMA

— Suspects uncertainties

« ICRP 144

— Only physical and
biological decay

— 84,5 mSv/(MBq m-2) 137Cs

mSv/(MBq m-)
COSYMA LARCalc COSYMA LARCalc

Internal effective dose 12.4 23.4 81 32.7

External effective dose 0 0.040
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Uncertainty analysis

50 000 iterations
« 28 Parameters

5th Percentile
95th Percentile
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Uncertainty analysis

5th Percentile

50 000 iterations
28 Parameters

95th Percentile

Median 225.8 mSyv
5th percentile  118.8 mSv
95t percentile 429.5 mSv
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Uncertainty analysis

50 000 iterations

28 Parameters

5th Percentile
95th Percentile
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Median 225.8 mSyv
5th percentile  118.8 mSv
95t percentile 429.5 mSv

Overall uncertainty WM . l l .

— <+ factor of 2 200 400 600 800 1000 1200 1400 1600
Cumulative effective dose [mSv]
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The future of LARCalc

« Keep updating during my PhD-studies

UNIVERSITY OF GOTHENBURG | SAHLGRENSKA ACADEMY | NERIS Workshop, ERPW Conference, Dublin 2023 2023-10-09




The future of LARCalc

« Keep updating during my PhD-studies

« Update with ICRP:s new doses to members of the public
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The future of LARCalc

« Keep updating during my PhD-studies
« Update with ICRP:s new doses to members of the public

» Update with NORM pathways
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The future of LARCalc

Keep updating during my PhD-studies
Update with ICRP:s new doses to members of the public
Update with NORM pathways

Remake in Python and/or as an online tool
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Take-home message

» Tool to estimate dose- and risk from a large scale NPP emission
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Take-home message

» Tool to estimate dose- and risk from a large scale NPP emission

* Age-, sex-, and organ-specific
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Take-home message

Tool to estimate dose- and risk from a large scale NPP emission
Age-, sex-, and organ-specific

Event-specific
— Local and regional 13’Cs deposition
— Nuclide vector
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Take-home message

Tool to estimate dose- and risk from a large scale NPP emission
Age-, sex-, and organ-specific

Event-specific
— Local and regional 13’Cs deposition
— Nuclide vector

Effects of various combinations of countermeasures
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Take-home message

Tool to estimate dose- and risk from a large scale NPP emission
Age-, sex-, and organ-specific

Event-specific
— Local and regional 13’Cs deposition
— Nuclide vector

Effects of various combinations of countermeasures

Quite significant uncertainties
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