.

Measuring regional scale distribution
of radiocaesium

David Sanderson
Scottish Universities Environmental Research Centre
East Kilbride, Glasgow G75 0QF, UK

Caesium workshop : Fukushima recovery — understanding, modelling and
managing radioacaesium decontamination, CORASSE, Fukushima, Japan
September 30 — October 3 2013

B University °.
| SENRC
= Qf‘GlaSgOW Scottish Universities Environmental Research Centre

M University
of Glasgow

Measurement technologies and small footprint
systems

Mapping radiocaesium (UK and European
examples)

Spatial resolution and reproducibility at
regional and local scales

International validation and ground to air
comparisons

Work conducted in Japan in 2012/13
Future opportunities and needs

Scottish Universities Environmental Research Centre




Gamma Dose Rate
(mOy 2™y

mapping of large areas | o L
Sensitive gamma-ray detector mounted on aircraft PF R~

High volume Nal (or combined Nal/Ge system) F&lz ~
Low altitude survey flights (30-100m)

Large survey areas, high sampling density
~1000’s of observations per hour

104-105 m? fields of view

- Mobile Gamma spectrometry
® Geocoded gamma spectrometry operated from

0 -0TT

a0t
0%-083
Cay.0%

042049
038 -042
oM-038
e -0
CATELE
007004

backpacks, small vehicle, UAV’s, boats, hovercraft " = S .
etc - 3
® More confined field of view — suited to detailed R 7 .»‘*.
surveys of eg urban areas TENLA ‘ o~
® Data capture rate 10%2-103 per hour i \:— - '
® 10-102m? fields of view GRS
" University <
_ S\\AJE RC
Qf‘GlaSgOW Scottish Universities Environmental Research Centre

Fully validated performance
©® 17 spectral input channels, multi-sensor capable
® High volume Nal arrays, HPGe detectors
® Stabilised power supply
® Upgraded (2005/6) to more powerful computers, larger
displays, revised power systems

® Software upgrades (2008-2010)
* ERS Format spectral input/output
® HPGe analysis
* Full spectral regridding
» Disjoint spectral windows
Real time mapping with differential “rainbow plots”

Alarms
» Gross & stripped count rate
« Significance from differential analysis
 Intelligent digital filtering

N

5Hz, EGNOS enabled GPS S ERC

Scottish Universities Environmental Research Centre




- Increased data throughput

©® Resolution maintained in high radiation fields

(but could use HPGe)

arrays)

(But summing multi-compton losses in detector

800

600 -

400 -

Nal(Tl) cps

200

[

Simple, compact systems

Self contained HV supply and DSP chips

USB connectivity

Ideally suited to weight limited platforms
Alternative detector geometries?

12

r 10

HPGe cps

_SWenRC
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Calibration based on infinite
planar source geometry

200 400m
2120

o Measurement centre

5 e o ~a <
2806 2008 2010 2012 2014 2016

—S¥RRC_
BOCo (eps)
> £|
e - 1 >
455 - Enld
278 - 455 S
1 Z;: ~
104 - 1 o
63 1w =1
= 3 ©
24 n -
" - Eel c
.- " =]
s 5 IS
3 - 5 &)
< 3 >
=
o

——
0 200 400m

© Measurement centre

o d*, o
2010 2012 201.6

b °
- o
B- = P
n- 1\ o
T- o 3
4- 7 2124 9
z- 4
< z X

—S¥rnrc_

1484 ABg kg
> 9

B
559 96
1 559
208 - M1
127 208
Ed =

aw 8

k=] 47
m-

1 18

Ed 1

?

4

Calibration based on infinite

137Cs, 80Co activity from
stored materials

=5 I 214Bj activity from 222Rn

.\ ——= | uranium & radium

o Measurement centre

201.6
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F i T
24
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10 3
(@]
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E
. E
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Energy (keV)

-Nal Spectra show
spectral distortion and
coincidence summing

st | discharges from stored
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Enterprise Technology Park,
in 2009 for their MPhys
project

“Demonstrating lightweight
gamma spectrometry systems in
urban environments”, Journal of
environmental radioactivity,
2013, 124, 22-28

High resolution survey of Irish Sea
beach in 2010

“Evaluating airborne and ground based gamma
spectrometry methods for detecting particulate
radioactivity in the environment: A case study of
Irish Sea beaches” Science of the Total
Environment 437 (2012) 285-296

3x3” Nal(Tl), digiBASE™, netbook, EGNOS enabled GPS

_SWenRC
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ATLAS

OF CAESIUM DEPOSITION ON EUROPE
AFTER THE CHERNOBYL ACCIDENT
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Fig. B.1 Spanal  diswribution  of  the  caesinmn-137 )
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Initial deposition estimates based on
limited ground sampling and
meteorological modelling

- Early SURRC surveys — SW Scotland,
Western Isles, West Cumbria, North

SEE88888) »

REstutEEE O
BEEN R

s
2EE

Ll i
wm

-B=Bf

g

| Wales
|
- - Later repeat surveys show long term
O S migration of radionuclides
Sanderson D.C.W., Cresswell A.J., White, D.C., Murphy, S., McLeod J. 2001, Investigation of Spatial Sanderson D.C.W., Scott E.M.,1989, Aerial Radiometric
and Temporal Aspects of Airborne Gamma Spectrometry. DETR Report DETR/RAS/01.001. Survey In West Cumbria In 1988, MAFF Report N611 120

2001 DETR study “Spatial and

Wes (kBg m™2 s (kBqm™ 4 q
eam (e ¥ Temporal Aspects of airborne gamma
*39.0 >39.0
360-390 36.0-280 SpeCtrometry
32.0-360 32.0-360
30.0-330 300330
27.0-300 27.0-300
24.0-27.0 24.0-27.0
21.0-24.0 21.0-240
18.0-21.0 18.0-210
150-180 150180 = - 3
120-150 120-15.0 | ¥
90-120 9.0-120 I B : & Mon
‘ 6.0-9.0 60-9.0 . T "
30-60 0-80 | 5 -7 A S \‘A E R‘
<30 <30 e )
[ Scottish Universities Environmental Research Centre

1988 1988 June 2000
(decay corrected)
Total Area (TBq) 9.351£0.02 7.01£0.02 7.2240.02
Black Combe (GBq) 496+3
Corney Fell (GBq) 70413
Loweswater Fell (GBQq) 63613
Lowlands (GBq) 851+£16

Total activity in area agrees to within 3% after decay correction

Movement of activity from high to lower lying ground due to hydrological and colluvial
processes

Unaversit
F Glasgos _SWeRrRc_
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1% Barrow-in-Furngss 4
M University

20km

‘Geographic overlays reproduced
from Ordnance Survey Strategi
ission of The

areas of salt mars
Contaminated by discharges
from Sellafield
Survey areas
6x11km, encompassing
Rockcliffe and Burgh marshes
and the tidal inlets of the Esk
and the Eden
30x20km, including Annan,
Silloth and part of Carlisle
Survey dates and flight lines
April 1999: 50 and 250m line
spacings ; June 2000: 250m
line spacing,
February 1992: 500m line
spacing

plain
Contaminated by Chernobyl
and Windscale fire

Survey areas
Coastline and Sellafield
area (March 2000)
40x40km (500m), northern
Lakes and lower lying areas
(June 2000)
50x50km (2.5km), Lake
District high ground (June
2000)
Older data : Aug/Sept 1988:
500m line spacing; Sept
1990: Sellafield area

® Analysis of line spacing and
environmental change

® How reproducible is AGS?
® How to measure change
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Gamma Dose (mGy~a)
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Geographic overlays reproduced
from Ordnance Survey Strategi
data with the permission of The
Controller of Her Majesty's
Stationary Office.

University
of Glasgow

40 50 (c) Crown Copyright 1998
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137Cs (kBg/m2)
> 39.00

36.00 - 39.00
33.00 - 36.00
30.00 - 33.00
27.00 - 30.00
24.00 - 27.00
21.00 - 24.00
18.00 - 21.00
15.00 - 18.00
1Z.00 - 15.00
9.00 - 12.00
6.00 - 9.00
3.00 - 6.00
< 3.00

Geographic overlays reproduced
from Ordnance Survey Strategi
data with the permission of The
Controller of Her Majesty's
Stationary Office.
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North West Cumbria
(area C)

West Cumbria
(areas C+D)

for dimensions perpendicular to
lines >2x line spacing
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L.smaller features subject to
significant uncertainties for wider
line spacing

Even 10km line spacings show
broad distribution pattern and
inventory of Chernobyl derived
activity on uplands

Sanderson, D. C. W., Cresswell, A. J. and
White, D. C. (2008) 'The effect of flight line
spacing on radioactivity inventory and
spatial feature characteristics of airborne
gamma-ray spectrometry data’,
International Journal of Remote Sensing, 1
—16 DOI: 10.1080/01431160701268970
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Protocols for dose rate and radionuclide deposition mapping
using AGS

Exercise design documentation

Unique data base of airborne & ground based measurements
Exercise report — 387p book published

Journal articles

European Capability for AGS Radiation Protection Dosimetry
Vol. 73, Nos 1-4, pp. 213-218 (1997)

European Bibliography Journal of Environmental Radioactivity
53 (2001) 411-422

International validation of deposition and dose rate

determination under conditions of cooperative trials Radiation
Protection Dosimetry (2004), Vol. 109, Nos 1-2, pp. 119-125

o

An International Comparison of
Airborne and Ground Based
Gamma Ray Spectrometry

Edited by
D.C.W. Sandersom, A.J. Cresswell & J.J. Lang

Results of the ECCOMAGS 2002 Exercise held
24™ May to 4™ June 2000, Dumfries and Galloway, Scotland

o<
SWE/RC_

Scottish Universities Environmental Research Centre

M University
of Glasgow

Aims
© Validation of AGS protocols for deposition Outcomes
and dose rate quantification
Participants

® Traceable comparisons between AGS, in- " e :
situ spectrometry, field dose rate 150 participants from 18 institutions in 10

measurements and laboratory analysis of countries
core samples Observers and visitors
® Demonstration of composite mapping Activities and achievements
capability AGS >120,000 measurements in common
Venue areas and composite mapping zones

® SW Scotland May 24t-June 37 2002 ~150 In-situ and field dose rate

® Pre-characterisation fieldwork in
November 2001

Organisation
® International steering Committee (ISC)
@ National Organising Committee, (NOC)

® Design and Evaluation Group (DEG)

L m

i Unuversity
of Glasgow

e

Scottish Universities Environmental Research Centre

measurements from calibration sites and 42
common area sites

>750 laboratory gamma spectrometry
results from ~130 core samples and
reference materials

CGS data from 3 teams

N

_SWE/RC_




Castle

ECCOMAGS Exercise : Calibration Sites

Dumfries and Galloway Region

Kennedy
@

Stranrae Wigtown

Merse

°

Count Rate/Channel (cps)

137CS

200 300

Channel

Wigtown Merse
Inch Farm
Castle Kennedy

: 20.8 £ 1.0 kBg m

Sampled in November 2001

Reference values distributed
to participants

-AGS hover manoevres and
in-situ measurements used
for data levelling

in-situ checks for
environmental change

187Cs : 224.7 £ 10.9 kBg m=2

© Laboratory performance

® Different behaviours observed between

IAEA reference materials and common bulk

samples

® Results provide basis for ground to air

comparisons
In-situ data

® Necessary to re-standardise data sets to

common mass-depth profiles

® Also to re-level them to the Inch Farm site
® Relationships between in-situ and cores

bring mass-depth into play
Dose Rate measurements

® Field instruments showed considerable

differences

® Dose Rates re-estimated from in-situ

spectra and cores

CGS biased by field of view differences

M University
of Glasgow

Standardised Difference

Standardised Difference
6 5 b o w o o©

L]
® WGBS2
® |IFBS1
187 Cs — Bulk samples o res2
® CKBS2
R e e 0
]
! 30!333 ogagagal
°8 .3 * i *ge " 817
,,,,, e 8§ *°83e6 7°F
L] L ]
L ]
™ < ;; © ‘O_ ™ < ;; © “: ‘N_
® SOIL6
[ ) L] ® SOIL375
® SL-2
. °
L ]
L ]
® [ ]
o ® ° ! Py ¢ ¢ °
L ] L] L :
H
137 Cs — |IAEA reference materials

Laboratory

_SeeRC_
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Data levelling between teams
using single common
measurement point

® Applicable to emergency
response

® Further corrections and
analysis lead to only minor
changes

- Considerable agreement between
teams

® Definition of spatial features
® Point to point regressions

University
of Glasgow
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137Cs from cores (kBg m?)

consistent with the v -
internal consistency of %~
each data set o

® AGS and in-situ
sensitive to depth s
distribution

® AGS observations are
consistent with ground o
based results g

® But are spatially more e,
numerous and -
representative s

® The data sets provide a

basis for protocol
validation
Unuversity
of Glasgow
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AGS Composite
mapping task

ECCOMAGS Exercise : Composite Mapping Areas

Dumfries
Dumfries and Galloway Region ",“,

Stranraera.,r

3
- i““
B _—

Firth

&

C————
0 10 20km

}
d

10 contiguous areas of approximately 250-270 km?

@ﬁﬁ,@rﬁ@g}piverse environments from topographic and radioecological persw;ctives
. N
o@ﬁ@mg(deual AGS teams to demonstrate collective mapping abiJi-t'i'e;\—ElqL

cottish Universities Environmental Research Centre

-

137Cs Map
with terrain model

ECCOMAGS exercise composite mapping task 2002
90x40 km area; 69000 spectra; data acquired in 3 days, published on-line within a
week




Ground Based and Aerial Monitoring Results FUKUSHIMA DAIICHI
Data from (March 30 - April 03) JAPAN i

> 12.5 mR/hr

0 247 -12.5 mR/hr

119 - 2,47 mRihr
0.25 - 1.18 mR/hr
0.03 - 0.256 mR/hr

< 0.03 mR/hr

8- A  AKLIT & -
Map created on 04032011 2340 JST
© NIT Combined Fights Ground Measursmants 300as_03Ap011 Reudlty

Hame

Airborne Gamma Spectrometry maps

+ US DOE team (March), MEXT/JAEA teams April
Ground clearance 300m initially
Dose rate maps, followed by apportioned Cs maps

7 University
7 of Glasgow

®

. ) oo lizaka
. Fruit Tree Research Institute  Date

Fukushima %/~ AR - I JHS,
Fukushima University 4 Prefecture research institutes,
. ‘fl,\ |Futustima JAEA, UK Embassy, EU

Koriyama A delegation (DS/YT)
JRoad Trip * May 2012 — SRRCE inaugural

conference Fukushima lzaka (DS)
« July 2012 Fukushima (AC, BS)
» September 2012 (SF,XS) visit
AMS labs
* Oct/Nov 2012 UK Nuclear Safety
| workshop (FCO) (DS)
50 100km « Jan 2013 Biomass investigation
lwaki (AC DS)

_SeeRC_
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Calibrated to open field planar geometry
mean mass depth: 0.9 g cm?
Measurement date: 7th March 2012
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Calibrated to open field p\ana; geometry
mean mass depth: 0.9 gcm”
Measurement date: 7th March 2012
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<3.0

Calibrated to open field planar geometry
2

mean mass depth: 0.9 g cm

Measurement date: 4th March 2012
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Fukushima University
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Scottish Universities

= |J-series: 46.8%
mmmm Th-series: 17.3%
m— O R 35.4%
=== ¥ 0.6%
== "¥Cs: 0.0%
== Residual: 0.0%

7 University
 of Glasgow

Tsukuba, March 2012

1

U-series: 5.0%
Th-series: 8.3%
“K+°"Rb: 10.7%
¥Cs: 24.4%
*Cs: 51.6%
Residual: -6.6%

'Fukushima University, March 2012

Environmental Research Centre ! !

[

U-series: 1.8%
Th-series: 2.5%
“K+°"Rb: 4.8%
¥1Cs: 29.7%
*Cs: 61.2%
Residual: 3.2%
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Gamma Dos%a Rate
(MGy h )

>0.91

0.84 - 0.91
0.77 - 0.84

0.70 - 0.77
0.63 - 0.70

0.56 - 0.63
0.49 - 0.56
0.42 -0.49

0.35-042
0.28 -0.35

0.21-0.28

0.14 - 0.21

0.07 - 0.14
< 0.07

| Calibrated to open field planar geometry
mean mass depth: 0.9 gcm”
Measurement date: 20th May 2012
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All data

Un-remediated areas
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Calibrated to open field plana_rzgeometry
mean mass depth: 0.9 g cm
Measurement date: Sth - 12th July 2012
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All data
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Remediated | Unremediated | Remediated | Unremediated | Remediated | Unremediated
Mean 23.8 80.0 36.9 121.4 0.20 0.58
Std dev 21.8 34.6 32.9 51.9 0.15 0.24
Percentiles
10t 4.9 37.8 9.2 56.7 0.08 0.30
50t 17.2 76.8 27.7 117.2 0.15 0.56
oot 48.6 124.3 76.2 189.9 0.36 0.87
Remediated areas are on average 4 times lower than untreated areas
ifa Unuiversity 2




1000

Mass depth (g cm'z)

! University
of Glasgow

33
58 3
100 - 88 o
2 40 B 5&‘5 2; s
2 g =
§ 14 A 3
© N :
8 Radioactivity, 33(3), 213-235.
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Do radiometric data from experimental orchards help to
understand the pathways and impacts of fruit cultivation in the

presence radiocaesium? @iixy —s¥=nc. ‘ %‘

Can we use this to evaluate solutions?

Apples Apples
(31,32) (@5 4.6) Peaches Pears

Mapping in March, May, July and Nov 2012 with training
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Mass depth (g cm™)
Reference Value Backpack
measurement
134Cs kBgq m2 135 + 20 171+ 3
137Cs kBg m2 245 + 30 263 + 6

Reference value for 39 November 2012. Mean mass depth 0.70 £ 0.05 g cm2. Calculated from
gamma spectrometry at SUERC, no comparison with FU yet.
Backpack measurements calibrated to FU calibration site, mean mass depth 0.9 g cm2.
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“Yuzu” frU|t from 2012 shows higher levels

of radioactivity (by an order of magnitude)
than apples, pears, peaches and grapes

cultivated in Fukushima

Why?
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November 2012 _ erfoc

IAEA Technical report
472

Interception?
Translocation?

Root uptake?

Soil immobilisation?
Contamination levels?

We think that the clue
lies in evergreen nature
of the tree, coupled to
local topography
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SUERC

FCO prosperity funded investigation with Mitsubishi Morgan
Stanley, Suncare, University of Tsukuba, NNL, and input from

Control area to account for environmental change

<

January 2013 fieldwork near lwaki using a collimator to establish
the proportions of total Cs radiation originating in forest canopy

Remapping following forest litter removal to determine
remediation factor
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* Both low and high resolution spectrometry can be used for quantitative AGS, CGS and
ground based mapping of radiocaesium and gamma dose rate

« Post Chernobyl experience, and experience of measuring the footprint of nuclear sites, and
the impact of discharges to the Irish sea have provided a framework for validation of methods

* AGS is well suited to detailed regional scale investigations providing low ground clearance
and close line spacings are used

+ Protocols and data exchange formats have been defined in EU research, and quantitative
international validation studies performed

* For more detailed work ground based approaches yield greater spatial resolution, appropriate
to site specific evaluations

* Last year’s visits have confirmed the utility of radiometrics as a means of targetting and
evaluating remediation, and helping to understand the distribution and dynamic behaviour of
radiocaesium in important urban and rural systems

+ Calibration sites were sampled and analysed in two locations providing an initial basis for
cross-validation of Japanese and international teams

+ Itis hoped that this work can be extended in the future with the aim of helping to improve
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