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Introduction

A Overall goal is to protect people, animals and environment
from the harmful effects of ionizing radiation

Large part of the work is related to the non-proliferation of
nuclear weapons and prevention of nuclear terrorism

A
A Improvement of safety of nuclear installations is also a key
priority

A These efforts are often governed by laws and different
International treaties

A In-situ and laboratory radioassays play a key role in this work
and therefore, their continuous development is important
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Sampling
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Spread of airborne radioactivity




From where the air came to your sample?
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Airborne particles

A Air sampler in Helsinki

Measurement cycle:

A24 h collection (550 m3/h)

A24 h cooling down period

A24 h acquisition (gamma
spectrometry)

Automated analysis.
Analysis results are stored into
a data base.
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Sensitivity of the technique
Helsinki (cne 1-123 uBq/m3)

A In February 18t 2007 a medical o
isotope 123] was produced using a gas o
target in Jyvaskyla. 0

A Around midnight target window broke
down
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A That led to the release of 123Xe (8.2
GBq) and 123l (2.9 GBQq).

A Due to the favorable weather
conditions 23| was visible in a sample
collected in Helsinki between 19-20
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Glass fiber filters

A Glass fiber filters are efficient collectors of aerosol particles.
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Collection efficiency at the filtration velocity 1.2 ms1.
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Air samplers for in-situ work

Air sampling and analysis is the
first thing to do in an unknown
environment/situation.

Typical measurement cycle:

Al h collection (10 m3/h)

Al h acquisition (gamma and/or
alpha spectrometry)
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Unmanned Aerial
Vehicles (UAVS)

Sometimes it is better to rely on remotely
controlled sampling due to the conditions.

Usually high volume samples are not required.
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Minimum detectable concentration for transuranium Energy [MeV]
nuclides, such as 23°Pu, is of the order of 0.2 Bq m3
or less when direct alpha spectrometry is used for K. Pergjarvi et al., Radiation Protection
activity determination (~1m?3/h). Dosimetry 132 (2008) 328.
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Limitation related to the collection of particles

Aln incidents, such as underground nuclear weapons
tests, refractory elements mostly remain in the
surrounding media. Volatile compounds, such as noble
gases, will escape with a higher probability.

depth 300 m, 10 kt AThis emphasizes the importance of noble gas sampling

Aln a nuclear explosion, four radioactive noble gas
Isotopes/isomers are produced in significant amounts
with half-lives long enough for them to be detected even
several days after the explosion: 3'mXe (T, = 11.84 d),
133Xe (T, =5.243 d), 33mXe (T, = 2.19 d) and 3>Xe
(T, =9.14 h).
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SPALAX noble gas sampler (1)

Developed by the French Atomic Energy
Commission

1)
2)

3)

4)

Compressed to 9 bar and dried, 15m3/h

Several hundreds of hollow tubular fibers
that have much higher permeability for O,,
H,O and CO, than for other gases. The
gas mixture becomes enriched in N, and
noble gases. The amount of Xe in the gas
mixture is enriched with a factor of nine.
Output 0.2 m3/h, 9 bar.

Xe-Rn chromatography, two units, one is
always in the absorption phase and the
other one in the desorption phase. 2h
cycle. N, from the other trap is used as a
desorption/carrier gas in the other. In this
step, Xe is concentrated by a factor of
about 30, and the Rn decontamination
factor is more than 105,

One more purification/concentration trap
and finally the accumulation trap. Once
every 24 h, the accumulated Xe is
transferred by thermal desorption and
natural expansion into the counting cell
next to the Ge-detector.

13



Xe-Rn chromatography

(1)
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SPALAX noble gas sampler (2)

A The volume of stable Xe obtained in a 24 h sampling is about 7.5
cm3 (STP). The corresponding equivalent air volume sampled is
about 80 m3 (3.3 m3/h).

A The minimum detectable 133Xe concentration is about 0.15
mBg/m3 (measurement time 24 h).

A At the end of gamma counting, the collected Xe is transferred to
an archive bottle.

For more information,
see J.-P. Fontaine et al.
J. Environ. Radioactivity 72 (2004) 129.
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Sampling from surfaces: Swiping

A The particles are collected from hard
surfaces by swiping with a
fluoropore membrane filter

A The particles of interest (1-10um)
cannot penetrate the membrane

A Lamination makes the swipe easy to
use

A The swipe fits, for example, directly
to the measurement chamber of the
alpha spectrometer.
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Vacuuming

A The particles are detached from a surface by vacuuming

To achieve high collection efficiency, the flow speed inside the thin nozzle
exceeds 100 m/s

A

A The particles of interest (1-10um) are collected on the surface of a
membrane filter
A
A

Laminated filters collect three samples at once and are easy to handle
even with gloves on.

The filter split in three parts fits directly to the measurement chamber of
the alpha spectrometer.
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Liquid samples

AAre often either filtered or evaporated before the measurement.
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INn-Si1tu measurements
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Portable instrumentation

A Various dose-rate monitors, neutron
counters, gamma spectrometers etc. are
commercially available.

A In addition to the development of stand-alone
detectors a lot of work is currently being
devoted to the development of the so called
reach back capability of these instruments.

A This is to provide law enforcement an
independent mobile radiation detection
capability supported by radionuclide experts
at a remote location.
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VASIKKA system

A portable computer. Ruggedized laptop or minilaptop.

Several detectors (e.g. LaBr; or Nal spectrometer
and a neutron detector)

GPS _
Smart phone or PDA for o0silg
Communication capability to a remote server '

Vasikka software for data acquisition, analysis and
management.

MySQL database (Linssi 2.3) for storage of spectral data.

o Do Do Do Do Do D>

S TEILYTURVAKESKUS A STRjLS KERHETSCENTRALEN
RADIATION AND NUCLEAR SAFETY AUTHORITY 21/4




Spectrometric capability

A Automated energy stabilization enables high quality
spectrometry (ROI analysis and gain control)

A Several integration modes alleviate the compromise between
fast response and good statistics

4s SRCH
40 s MON1
400 s MONZ2

0.25sT 16 s Freely selectable from GUI
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Mobile laboratory - SONNI
SONNI = Sophisticated ON-site Nuclide Identification

A Basic infrastructure based on
ambulance design

A Crew of four
A Aerosol sampling

A Gamma spectrometry

A Alpha spectrometry

A Coordinates ( gps)

A Voice and data communications
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In-situ Gamma Spectrometry

A HPGe for nuclide identification

Spectrometric information is
needed to avoid false positive
detections

A Two Nal for low level detection

- direction sensitivity
(LEFT/RIGHT)

with collimation

Key findings <10 seconds to Operation Centre
(Reachback)
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Unmanned Aerial Vehicles
(UAVS)

During the flight the detector can
observe ambient external dose rate
rise of 0.1 uSv h-1, which gives for
the activity concentration of 31| less

than 1 kBg m-3.

400 -
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—— Altitude (m)
*01 Csl detector, ——cps (W)
01 3-GBq ¥’Cs
251 point source
200 A
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100 A
0 T T T T T T
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Time (s) R. Pollanen et al., Applied Radiation and

Isotopes 67 (2009) 340.
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Relocatable laboratory for the
measurements of humans

A Whole body counting
A HPGe detector
A Pd shield
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Laboratory assays

Singles techniques
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Gamma spectrometry

A BEGe crystal diameter
80 mm and thickness 30
mm

A Pb castle, special
concrete etc. are used to
reduce the background
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Sample spectrum

A Thule particle (originally from ____________ ____________ ____________ _____________ 241Am ________
anuclear weapon, | | |595kev|
composition mosty Uand Puy, | 1
mass about 108 g

71.11 h long measurement
59.5 keV peak area 14727

Corresponding background || L
1430 ............ ............ ......... ............ ........ .............

To To I

Only 24TAm activity could reliably be determined.
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Time behavior of activity
concentrations in air and

dose rate

Activity concentration (Bq/m#~3)

Dose rate
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Other things to look at

A lIsotope ratios tell about the origin of activities
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Relative amounts of Xe
Isotopes and isomers can
be used to distinguish bomb
from the reactor releases.

In explosions the
Importance of direct
production is often
emphasized. Namely, before
the Xe atom is produced via
beta-decays it may have
already been trapped
somewhere where its
release is slow.
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Alpha spectrometry
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Optimization of source-detector distance, SDD:
A Short SDD - poorer resolution
A Large SDD - only for samples of relatively high activity

10000 241Am / \_

1000 /

100 SDD =5 mw
M
ud

5 5.06 512 518 524 53 536 542 548 554 56

Counts

Energy (MeV)
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