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• 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” 85Kr monitoring program) 

• Early 60s: start of measurements (85Kr and 133Xe) in 

Germany, continuous since 1972 

    History 

Main source: Nuclear Reprocessing 
(20*1012  Bq 85Kr/kg weapon grade Pu) 

 

 

 

• Verification of reprocessing activities               

(Pu-production) 

• Verification of Non-Proliferation Treaty 

• Environmental tracer  

• Bq/m3 in atmosphere 

 

85Kr:  T1/2=10.74 a 

85Kr sources  

From Kersting et al, in prep 



    Sampling Sites (BfS network) 



    Sampling Measurement 

Manual system (1973):  Measurement  of 

atmospheric activity concentrations of         
85Kr (and 133Xe ) 

 

World wide network and central lab in Freiburg 

    

 

Cryogenic sampling  

 

 

GC for processing & purification of NG 

 

8 proportional gas counters, Pb-shielding & 

anticoincidence counters 

 MDA  for   85Kr: 30 mBq  (1 m³ air) 
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    Results – Freiburg, Schauinsland, Jungfraujoch 
                 230 m asl                 1205 m asl                                 3454 m asl 



Date

72  76  80  84  88  92  96  00  04  08  12  16  20  

K
r-

8
5
 B

q
 /

 m
3

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

baseline 
average 

Date

72  76  80  84  88  92  96  00  04  08  12  16  20  

K
r-

8
5

 B
q

 /
 m

3

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

baseline 
average 

1 Bq/m
3
 (1.1.2018)

0.8 Bq/m
3

0.6 Bq/m
3
 

 1 Bq/m
3

0.8 Bq/m
3

0.6 Bq/m
3

Date

72  76  80  84  88  92  96  00  04  08  12  16  20  

K
r-

8
5

 B
q

 /
 m

3

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

baseline 
average 

1 Bq/m
3
 (1.1.2018)

0.8 Bq/m
3

0.6 Bq/m
3
 

diff.[yrs]

1 2 3 4

Steady state:  

~ 2009-2014  (1.39 Bq/m3) 

 

 3.2 x 105 TBq per year 

 10 - 30t Pu per year 

 

Atmospheric 85Kr inventory: 5100 PBq  

• Baseline  

• quarterly minima or average all Central Europe stations 

• Poly-fit, 7th order  

    Results – Freiburg, Schauinsland, Jungfraujoch 

• Input function for dating groundwater 

• Simple piston flow model 

• Age difference: ~ 3 years 

Picture modified from C.E. Aalseth, 2015 



 

“high“ correlation 

(R2 > 0.5-0.8) 

 

“low“ correlation 

(R2 < 0.5) 

 Dominance of La Hague 

from 2005 reflected in 

better correlation between 

sites 

    Results - Central Europe 



    Results – Southern Hemisphere 

• Southern Hemisphere 

• Interhemispheric exchange 
 

 

 

• Extrapolate NH baseline 

• Minimize χ2 fit of extrapolated 
NH baseline to SH data 
 

 τex = 1.2 years (χ2= 2.42) 
 

• Annual variability 
 

• movement of the Hadley Cell 

• ENSO cycle 

 

(Kersting et al in prep) 



Data-sharing and Outlook 

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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