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Project consortium Qece , Hormey

e Institute of Information Theory and Automation

=—©
e Norwegian Institute of Air Research m

e Complementary expertise:

e inverse modeling (UTIA), N I I-U

e atmospheric modeling (NILU)

e Collaboration on inverse modeling of radiation releases into

atmosphere.
e Better methods for scientists and radiation protection
institutions

e Future work on parameter optimization, model calibration,
etc.
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Why is project needed? . T

 |n the fall of 2011, low concentration of 1-131 was detected in
the atmosphere by the European Trace Survey Stations
Network for Monitoring Airborne Radioactivity (Ro5)

e After detection in Austria, Czech Republic and other countries

followed.
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* What will be the consequences? . S
» Chernobyl & Fukushima?? PR R



What are the project’s
objectives?
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e Develop methods of source term determination (when a how
much of radiation was released) from a wide range of
measurement types: concentrations, gamma dose,
deposition.

e Develop statistical methods for quantification of uncertainty
and elimination of tuning parameters.

e Test on existing data from tracer experiments, and collect new
information for reevaluation of events (e.g. Chernobyl,
Fukushima).

e Test the methods on different type of data, such as volcanic
ash (Eyjafjallajokull, Iceland, 2010).




What is the project
expected to achieve?
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New mathematical and statistical methods
e Publication in mathematical and statistical journals

e Publication of their application in environmental protection
journals

Re-analysis of historical release events in the light of new
methods and new data.

Software that can be used by other researchers and
environment protection institutions:

e  Czech authorities (SURO, SUIJB), German (BfS), etc.

e Volcanic ash committee,

e  Comprehensive Nuclear Test Ban Treaty Organization (CTBTO)




How are you going to -
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address these challenges?

1. Forward modeling — Atmospheric dispersion model (NILU)
Calculates the spread of the radiation in the atmosphere.

The model simulates the transport of tracers by calculating the trajectories of
a multitude of virtual particles

e using the resolved winds from global or regional meteorological analyses

e parameterizations for turbulence and convection.

e loss processes, dry and wet deposition, gravitational settling
Result:

e jsthe source term,

e are predicted measurements,

e s the linear projection of the model




How are you going to -
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address these challenges?

2. Inverse modeling — statistical methods (UTIA)

Naive inversion of model is and will not work.

Not enough information in data.

We need to add information (regularization).

e Adding too little information is insufficient,

e Adding too much information may bias the result.

 Finding the right balance is not trivial. Using structural priors.
Types of additional information:

e Releases are sparse, smooth with abrupt changes,

e We may know a range for ratios of unknowns, i.e.
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Tests and validation of real dataset

The European tracer experiment, 1131 release from 2011

Concentration of PMCH, 25.10.1994, 16:00 UTC
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Applications (Chernobyl) . e

Activity concentration e Accumulated deposition

26-APR-1986 kBg/m2

26-APR-1986
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Station data used

IDW interpolation

WHERE ARE THEY? HAS ANYBODY EVER SEEN THEM?

De Cort et al., 1998. JRC
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Public REM
5 database
\n = 4081

Updated
database
n=11334

Online data Our enrichment

Evangeliou et al., 2016. Environmental Pollution
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0.1 deg outside CEZ
0.01 inside CEZ
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Destroyed car and houses by Tsunami en March 11, 2011 abandoned insii@the exclusion zone, Tormioka, Fukushima prefecture,
lapan.

History of the accident

The accident at the nuclear complex of Fukushima on March 11", 2011 resulted in a severe release of around 135 radionuclides (IRSN, 2012). It was the
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Land cover change in Chernobyl

CEZ: 2600 km?

75% boreal forest (pine trees)
25% agricultural land & shrubs
Lack of any forest management



Předvádějící
Poznámky prezentace
These fotos are from our travel to the exclusion zone of Ukraine in 2013 with the group of Anders Moller and Prof Tim Mousseau. So, the area was covered by 53% forest before the disaster and now it’s covered by more than 70%...
The increased contamination lead the official authorities to evacuate these areas. 75% is forest and the rest is agricultural land.
Following up, the limited forest management and activity within the CEZ due to the restricted access resulted in accumulation of firewood and dead plants. 
So, there is relatively dense spacing of trees within the forest and also the forest floor is largely litter. You can see in this picture that this is supposed to be a road. And we had to stop and cut falling trees to release the roads.
This fuel structure causes fires to remain close to the ground with relatively short flame lengths and without the means of transitioning to large crown fires except under extreme weather conditions. 
However, as mature trees die and more sunlight reaches the forest floor, small young trees and some shade-tolerant trees will grow in these spaces. 
This forest succession process may result in more ladder fuels on the forest floor, increasing the risks of large crown fires. 
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Amiro et al. (2006)
Redistribution 20-100%

EEEE——

EZZ2 lost to atmosphere

E— Horill et al. (1995)

Strode et al. (2012) JGR reports 40-70%

What happens with soil-

meessss———) Paliouris et al. (1995) >20%

57 Kashparov et al. (2000) &
Yoschenko et al. (2006):
10°—10°% m (Sr, Cs)
24 106 — 107 m't (Pu, Am)

5 ™ A TT
Plot #1 Plot #2 Plot #3

Area (m’) 3600 5400

Land type ‘Wildland {grass) Wildland (grass) Fomst

Vegetation specics Elvrigia repens (L) Elyrrigia repens (L.) Finns silvestris
MNevski (B5%) MNevsk (B5%)

Vegetatvon heaght (m) 5 .2 15

Biomass density (kg m—> 04 0.3

Litter density (kg m—>) LN 1.25 23

Dhozme rate range (pisy h 116 &—10

2—4 '



Předvádějící
Poznámky prezentace
Yoschenko et al used 3 natural experimental sites 3 km far from Chern reactor site consisted of 2 grassland sites and 1 forest site. He first measured the dose rates within the sites to evaluate the inhomogeneity of the site in terms of radioactive deposition. He collected samples of soil, natural litter and vegetation from the sites and measured the radionuclide concentrations from several areas of the squares (corners and center) and also the respective concentrations 1 m above ground in order to obtain the radioactive background using IPA samplers. Dry weather facilitated the
intensive fires, and as the wind direction remained stable during the experiments, the well-visible smoke plumes covered the air sampling area and the vertical dimension of the plumes reached up to 10 m. The grassland fires caused the total combustion of the grass In the first experiment (plot #1), the fire front passed 60 m distance in 15 min, while the total period of burning was 30 min. In the second experiment (plot #2), the fire front velocity was higher e the 90 m distance was passed in 13 min, and the total period of burning was again 30 min. The smoke plume arose 30-40 m above the burning area and was then transported over the sampling area. From all the experimental procedure and the measurements of the budget they concluded that the redistribution of cesium after fires is almost 4%

Amiro et al carried out experimental burning of straw (3 times), pine and aspen in an outdoor field of 17 m long and 3 m wide inside a stainless steel pan. They recorded several physicochemical characteristics of fires such as temperature of the fire, moisture of the fuel but did not spiked the fuel. The smoke directly above the tire was sampled to give an indication of relative gaseous and particle emissions using and installation consisted by a tube to collect the plume and filtering instruments to collect the particles. They measured initial concentrations in the fuel, post burnt concentrations in the ash, mass of cesium in the ash, recovery in the ash, cesium in air. They also performed laboratory experiments of burning by collecting straw, wood fuels, edible seaweeds from the market etc… The maximum fire temperature recorded was 600-800 degrees for brief periods up to 2 mins. The wood burns lasted up to 20 min more that straw fires. They also employed gas detectors but cesium was not determined in gaseous form.

Horill et al., 1995 performed experiments for heather burning. Heather has been shown to accumulate greater levels of radiocaesium (Bunzl & Kracke, 1984) than many other upland plants. The fate of radiocaesium in these systems is of interest as heather is the main foodstuff for grouse and, at some times of the year, is grazed by sheep and red deer. There is thus a direct pathway back to man. Heather burning can never be a precise operation. The result will depend on a number of variables including: the density and age of the heather cover; moisture content; time of year - autumn or spring; wind speed and whether the burn was with or against the wind. All these parameters will determine the completeness of the burn, temperatures attained and the condition of the final product, the ash. They collected heather from an area of Scotland which affected intensely by the Chernobyl accident presenting an activity concentration of  of 2000 Bq/kg. They used 2 burning regimes to better represent “cool” and “hot” burning. They dried the heather at 85 degrees for 2 weeks and then burnt them at lab conditions. The cool burning was achieved by reducing the air flux through the burning container whereas during the hot burning the air flux was adjusted to the appropriate levels. They analysed the remaining ash by leaching experiments using synthetic rainwater of variable pH. They finally measured the samples with g-spec. They also recorded the temperature of the fire during burning. In the cool burning they found variations between 550-690 degrees, while for the hot burning they found a range of 670-750. They found that 10-40 % of cesium will be lost after a heather fire strongly depending from the temperature. From the leatching experiments they found that an amount of 20 % of cesium could be mobilised by rainwater after a fire depending on the quantity and not on the time of leaching.

for simplicity reasons, we account an emission factor of cesium of 40% both from soil and biomass burning
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Resuspension Resuspension

Cs-137
Sr-90
Pu-238
Pu-239
Pu-240
Am-241

(kBq m?)
179.8
46.5
0.48
0.38
0.58

1.82

(mBq m)
4.05

1.16
0.005
0.004
0.007
0.021

grid-cell (m) 100x100m (m™%)

2.2 x10® 1.8 x 10~
2.6 x108 1.8 x 10~
1.0 x 108 8.9 x10°
1.0 x 108 8.9x10°
1.2 x10® 8.9 x10°
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Activity concentration Accumulate
03-AUG-2015 09-AUG-2015
Deposition | Concentration | Resuspension Resuspension
- (kBg m2) (mBgq m3) grid-cell (m-1) 100x100m (m™1)
Cs-137  965.5 26.1 2.7 %108 8.1 x10°
Sr-90 96.5 2.64 2.7 x 108 8.1 x10°
Pu-238  0.99 0.013 1.3 x 108 4.0 x 10
Pu-239  0.80 0.010 1.2 x 10® 4.0 x 103
Pu-240 1.19 0.015 1.3 x 108 4.0 x 10

ey J7 TFT B
mic—Bq/m3
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Comparison with examples of levels of effective dose

Effective dose due
to medical exposures

Exposure to natural
sources of radiation

External dos

External dose f

Internal dose

L
D 10-20 rgfv
| peryearis
at i i i dose propased as
reference level for
protective actions
in the emergency
aftermath (i.e.
during an existing
exposure situation).
10 mSv is approximately the annual s ’
effective dose corresponding to the
reference level of radon concentration in
air of residential dwellings

B 2.4 MSV s the worigwide annual
average effective dose from natural sources

1.0 SV is the annual etfective dose fimit o

2.0 mSV head c1 scan

1.0 mSV tumbar spine X-ray
established for members of the public in planned
exposure situations (limits do not apply to

ein Ve (ld o v 0.7 mSV abdomenspelvis X-ray

0.1 mSV is the individual dose criterion (1DC)
to establish guidance levels of radionuclides in
drinking water in normal situations (i.e. not
applicable in emergency exposure situations)

0.01 mSV is the level of effective
dose below which radioactive sources can
be exempted from regulatory control

0.1 mSV s the effective dose due to
exposure to cosmic rays during some

transoceanic flights (may be higher in

transpolar flights during solar flares).

One stop Seoul-Montreal or NY-Tokyo 0.1 mSv
Nonstop NY- Tokyo: 0.07 mSv

Nonstop Buenos Aires-Paris; London-NY: 0.035 mSv

0.01 mSV would be the level of effective
dose for a visitor who stay one hour inside an
archaeological site (e.p. Egyptian tomb) due to

0.02 mSV chest x-ray
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Cs137 Sr90 Pu238 Pu239 Pu240 Am241
April 2015
CEZ 21 20 30 30 31 31
Ukraine (excluding CEZ) 0.0005 0.0009 0.0111 0.0006 0.0001 0.0006
Belarus 22 22 30 30 31 31
Russia (Europe) 50 50 33 35 36 35
Balkan 0.02 0.02 0.0004 0.0006 0.0008 0.002
Turkey 0.014 0.06 0.01 0.005 0.01 0.05
NEU (Scandinavia) 0.5 0.5 0.4 0.2 0.2 0.2
CEU 0.05 0.06 0.001 0.002 0.003 0.008
WEU 0.1 0.1 0.003 0.001 0.003 0.01
EEU 93 93 95 95 99 98
SEU 0.02 0.03 0.0007 0.0003 0.0008 0.004
Europe (total) 93 93 95 95 99 98
August 2015
CEZ 25 26 41 41 41 41
Ukraine (excluding CEZ) 0.008 0.008 0.004 0.004 0.004 0.004
Belarus 11 11 22 21 22 22
Russia (Europe) 37 37 25 25 26 26
Balkan 4.7 4.7 0.2 0.2 0.2 0.2
Turkey 0.6 0.6 0.04 0.04 0.04 0.04
NEU (Scandinavia) 0.03 0.03 0.006 0.006 0.006 0.006
CEU 12 11 0.8 0.8 0.8 0.8
WEU 0.2 0.2 0.04 0.04 0.04 0.04
EEU 80 80 99 99 99 99
SEU 5.1 5.1 0.2 0.2 0.2 0.2
Europe (total) 92 91 100 100 100 100




Who is going to benefit
from the project?
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Scientists

e Mathematicians/Statisticians getting new inspiration from real
world application

e Environmental scientists getting new software tools (Flexpart,
inversion methods)

Ph.D. students, postdocs, Environmental protection
authorities

e Radiation protection institutes (SURO, BfS, CTBTO),
Research institutions

e New equipment, new research ideas and future collaboration
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Thank you very much! Tusen takk!

Speakers . 7(— C | @ stradi.utia.cas.cz/#results v *
Do, I Weiekew Slmlel, P Project publicity and international cooperation ?o’rway >

Institute of Information Theory and grants

= Project kickoff presentation (20 Oct 2014, UTIA)

Auto matio n, Czech Aca de my Of Radek Hofman had a presentation on basics of inverse modeling.
Sciences

Department of Adaptive Systems Results

Publications
Software and applications

« Days of Science 2015, UTIA Project put
. . Days of Science are organised annually by the Czech Academy of Sciences in order to present latest N ,
N | kOlaOS Eva ngE|IOU, Ph . D. research results and directions to general public. STRADI team participated in this event and presented - "

project objectives and current progress to a group of interested visitors.

Norwegian Institute of Air Research,
Kjeller, Norway

Visit at NILU, Norway

The visit took place between 29 Sep and 1 Oct 2015. NILU partners organized a workshop on the use of
. . atmospheric transport model Flexpart developed there. The course was lead by a professional Flexpart tutor
Sm | d I @ ut'a .cas.cz Dr. Delia Arnold from ZAMG, Austria. Among trainees, there were researchers both from NILU and UTIA.
During a meeting held after the workshop were defined main research objectives for 2016.

stradi.utia.cas.cz

Participation at workshop organized by Bundesamt fiir Strahlenschutz (BfS), Miinich, Germany

The workshop took place on 15 May 2015. It's agenda was focused on inverse modelling in the context of
radioactive releases, specifically on novel methods for estimating a source composed of multiple
radionuclides using gamma dose rate measurements. STRADI team held a presentation on Bayesian
methods developed within the project.


http://www.project.cz/
http://www.project.cz/
http://www.project.cz/
http://www.project.cz/
http://www.project.cz/
mailto:info@project.cz
mailto:info@project.cz
mailto:info@project.cz
mailto:info@project.cz
mailto:info@project.cz

	Source-Term Determination of Radionuclide Releases by Inverse� Atmospheric Dispersion Modelling (STRADI)
	Project consortium
	Why is project needed? 
	What are the project‘s objectives?
	What is the project expected to achieve?
	How are you going to address these challenges?
	How are you going to address these challenges?
	Applications
	Applications (Chernobyl)
	Applications (a. data rescue)
	Applications (a. data rescue)
	Applications (a. data rescue)
	Applications (a. data rescue)
	Applications (b. source-term)
	Applications (b. source-term)
	Applications (b. source-term)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Applications (c. 2015 fires)
	Who is going to benefit from the project?
	Thank you very much! Tusen takk!

