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ABSTRACT 

 

There are different standards for the characterization and clearance process 
used globally in the radiological industry. All of them have advantages and 

disadvantages. This paper is describing a decommissioning project which is 
combining two methods in order to use the advantages of both and 

minimizing the disadvantages. 
 

In Sweden there have been a standard since several years to use a method 
based on parametric Bayesian statistics for the characterization and 

clearance process. This method has great advantages close to the clearance 
limits due to few measurements per m2, an ability to add extra 

measurements if needed and an ability to reshape area units without 
restarting the clearance process. Since the method is based on units with a 

normal or LOG-normal distribution of the contamination there can be several 

units far from the clearance limits. 
 

The American MARSSIM method use non parametric statistics instead of 
parametric. In comparison to the Bayesian methods this results in the 

disadvantage of less accuracy close to the clearance limits but also in the 
great advantage with few units far from the clearance limits. 

 
In the characterizing and clearance process of old radiological facilities at the 

Karolinska University Hospital in Stockholm the MARSSIM method is 
combined with the Bayesian statistics method to minimize the amount of 

measurements and by that the cost for clearance. By using Bayesian 
statistics close to the clearance limits, more areas will be approved for 

clearance and the risk of having to redo the survey is minimized. By using 
MARSSIM methods in the area with an assumed contamination below 25 % 

of the clearance limits, the areas are not needed to be divided into units with 

normal or LOG-normal distributed activity. Bigger areas can be handled as 
units which result in fewer measurements and a faster process. 
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Further development of the previously published 
method. 

Characterization and Clearance of m/s Sigyn –  

 - WMSYM16, Phoenix 

 - PREDEC16, Lyon 

 

-Methods for using  

parametric statistics  

for clearance 
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Karolinska University Hospital  
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Karolinska • 22 000 rooms 

• Inter alia oncology research 
and treatment since 1937 

 
• H3 

• Ca45 

• I125 

• C14 

• S35 

• Na22 

• Cl36 

• Cs137 

• Ra226 

• Ir192 

• Co60 

• Tc99 
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Method for Characterization and Clearance 

• The buildings are divided in to segments. 

• Each segment is categorized by risk for contamination, geometrical 
properties and nuclide distribution 
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Method for Characterization and Clearance 

• Extremely low risk 

• Low risk, just above 0  

• Low risk, between 0 and 25 % 

• Risk, 25 % - 1 

• Contaminated above clearance limits, above 1 
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Method for Characterization and Clearance 

• Extremely low risk     No measurements 

• Low risk, just above 0     MARSSIM statistics 

• Low risk, between 0 and 25 %   MARSSIM statistics 

• Risk, 25 % - 1      Parametric statistics 

• Contaminated above clearance limits, above 1 No measurements 
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Method for Characterization and Clearance 

• A - Kruskal-Wallis-test, Quantile-test and/or Wilcoxon Rank Sum-test 
(MARSSIM) 

• B - Sign-test and/or Wilcoxon Rank Sum-test (MARSSIM) 

• C - Bayesian statistics, UCL95 below 1. Proven Gaussian distribution. 
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Method for Characterization and Clearance 

• All units measured at randomized locations 

• Hotspot scan in region C 

• Large units in region A and B since no need for Gaussian distribution 

• OK to reuse measurements if unit is find to be a C instead of B 
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Method for Characterization and Clearance 

• Calculated number of measurements / unit for A, B and C units. 

• Great gain in minimizing the number of measurements in region A and B 
since these units are geometrically large 

• Accurate with 95 % confidence close to the clearance limits 
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Surface contamination activity reconstruction based on measurements of ambient dose 

equivalent  
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Software tools EasyRAD and Andreeva Planner were developed and implemented in the 

Northwest Center for Radioactive Waste Management (SevRAO), a branch of the Federal State 

Unitary Enterprise “Enterprise for Radioactive Waste Management” RosRAO to improve the 

level of radiation safety. This work was done as a result of scientific cooperation between the 

Kingdom of Norway and the Russian Federation. EasyRAD calculations are based on 

measurements of ambient equivalent dose rate. Andreeva Planner is used for dynamic simulation 

of the radiation situation based on activity, radionuclide composition and geometry of sources. 

But to get information on these parameters is significantly more difficult, than to get dose rate 

measurements. Furthermore such information is not sufficient for modeling the radiation 

environment. This problem could be solved by finding a method for transition from the dose rate 

grid to the surface contamination grid. Generally accepted method is the method of conversion 

coefficients. This method is based on knowledge of the dose-rate factors for kerma (DRFK): the 

transition coefficients from the surface activity to the Air kerma rate. However, this method is 

applicable only if the surface activity is a constant. This paper presents a more efficient method 

of transition from Air kerma rate (ambient equivalent dose rate) to the specific surface activity, 

in cases where the method of conversion coefficients is not good enough. As known, ambient 

equivalent dose rate �̇�∗(𝑑) and surface contamination A are connected through the following 

expression: 

                                            �̇�𝑎𝑖𝑟(𝑥, 𝑦) = ∫∫𝑄(𝑥, 𝑦, �́�, �́�) ∙ 𝐴(�́�, �́�) 𝑑�́�𝑑�́�     (1) 

In eq. (1) the value Q (equation core) is a contribution to the ambient equivalent dose rate in a 

point with coordinates (�́�, �́�) from a point source activity localized at coordinates (x, y). 

Equation (1) is a Fredholm equation of the first kind. It is an incorrect mathematical problem that 

needs appropriate mathematical methods. In this paper the Fredholm equation is solved by a 

method of ridge regression (Computer code is created in the language R). This paper presents 

solutions for model examples, which verify the proposed method. Results are presented for real 

ambient equivalent dose rate grids for different areas of the industrial site at Andreeva Bay. The 

proposed method shows significant advantages in comparison with the method of conversion 

coefficients. Contaminated area is calculated more accurate. The method allows finding 

contaminated areas that are 2-4 times less than that area identified by the method of conversion 

coefficients. 

 

  


