Half a century of atmospheric krypton-85 measurements

Introduction — sources and uses of atmospheric 8°Kr
The BfS Lab — sampling and measurement of 8°Kr
Results - Central Europe and the Southern Hemisphere
Conclusions - Data availlability and Outlook
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History

02.08.1939: Start of “Manhattan Project”, Findings
classified as “secret”

02.12. 1942: First critical reactor in Chicago (CP-1)

1944: Douglas A-26 airplanes from the US Air Force
sample air above Europe in search of radioxenon of
German nuclear reactors/weapons programme

16.07.1945: First nuclear weapon test

Aug 1945: Hiroshima & Nagasaki

Late 40s: US & British intelligence program to detect &
monitor nuclear operations and estimate Pu stock pile of

foreign countries (“global” 8Kr monitoring program)

Early 60s: start of measurements (8°Kr and 133Xe) in
Germany, continuous since 1972
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85K r sources

8Kr: T,,=10.74 a

Main source: Nuclear Reprocessing
(20*10*? Bq &Kr/kg weapon grade Pu)
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Sampling Sites (BfS network)

Klalgeda Table 1
Dundoe Selected sampling locations, sampling periods and number of samples collected.
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Sampling Measurement

Manual system (1973): Measurement of
atmospheric activity concentrations of
8Kr (and 133Xe)

World wide network and central lab in Freiburg

Cryogenic sampling

8 proportional gas counters, Pb-shielding &
anticoincidence counters

MDA for ®Kr: 30 mBg (1 m3 air)

GC for processing & purification of NG
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Results — Freiburg, Schauinsland, Jungfraujoch
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Results — Freiburg, Schauinsland, Jungfraujoch
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« Poly-fit, 7t" order

« Input function for dating groundwater

« Simple piston flow model
« Age difference: ~ 3 years
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Half a century of Krypton-85 activity concentration measured in air over
Central Europe: Trends and relevance for dating young groundwater

i

Andreas Bollhivfer™, Clemens Schlosser”, Sabine Schmid®, Martina Konrad®, Roland Purtschert”,
Roman Krais®
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For almost half a conmry weekly samples for the measurement of koypion-85 (“Kr) activity concentrations in surface air have been collected by the Bundesams fiir
Sirahlenschuiz (B85}, Germany. Sampling siarted at Freiburg (230m asl) in 1973, Mt Schauinsland {1205m asl) in 1976 and M Jungfraujoch in Switzerland (3454
asl) in 19490 Distinet maxima in thetime saries of atmospheric **Kr activity concentration are cased by emissions from nuclear reprocessing plans in Enrope, mainly
the La Hague, France, and Selafield, UK, reprocessing plants. Between 1970 and 1990 peak activity concentrations measured in winter along the Rbine Rift in
Freiburg are aften higher than a Mt Schauinsland, due to emissions from the operating pilot reprocessing plant in Karkruhe - approximasely 130 kom i the north-
and large smle versions that inhibit sxchange of air masses within the Riine Rift with those at higher altitudes. From he sxly 1990 ameards, after the shut down
afthe piat plant, differences betwem Frefburg and Schauinsdand are much smaller. Activity somcentrations masamed at Jungiaujoch are genarally lower and dass
to baseline levels, due 0 is lacation in the e mopomphers. Weakly hassline and sverage Skr activity concentration in the stmosphers in Cantral Europe were
‘moddled from almast 12,000 individual measurements at 11 stations. The baseline and average hav e continuously increased , interrupied by ar dativdy sable period
between 2009 and the md of 214 witha basdineactivity concentration of about 1.39 Bg/m”. Depending on the geographical lomtion and hydolo gical conditions,
the modellad bassline or average ®Kr activity concemtration time series can be wed as input functions for the dating of young groumdwater.
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Results - Central Europe

“high“ correlation
(R?>0.5-0.8)

“low* correlation
(R2<0.5)

Dominance of La Hague
from 2005 reflected in
better correlation between

sites
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Results — Southern Hemisphere

Southern Hemisphere

(Kersting et al in prep)
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* Interhemispheric exchange

cir (1) = ey (t = Tex) - exp(—Tex - Arcr)

« Extrapolate NH baseline
« Minimize ¥? fit of extrapolated
NH baseline to SH data

T, = 1.2 years (x*= 2.42)

 Annual variability

« movement of the Hadley Cell
« ENSO cycle
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Data-sharing and Outlook

| ® @ https://www.imis.bfs.de/geoportal
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Freiburg, Schauinsland, Jungfraujoch and
baseline/average available on:
https://www.sciencedirect.com/science/article/pii/S0265931X19
300888?via%3Dihub

These data will be useful for dating groundwater

Central European data will be made available (and
regularly updated) soon on BfS GEOPORTAL.:
https://www.imis.bfs.de/geoportal/

ATTA development: precision | sample size | will
help continue time-series and allow for additional
groundwater applications/studies

Despite ‘predictability’ of SH baseline, monitoring
still required for verification purposes
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