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NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States government or any 
agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the United States government or any agency thereof.  
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In accordance with Requirements set forth in Article XI.A(3) of the CRADA document, this 
document is the final CRADA report, including a list of Subject Inventions, to be forwarded to 
the Office of Science and Technical Information as part of the commitment to the public to 
demonstrate results of federally funded research. 

CRADA number: FRA-2016-0058 

CRADA Title:   Verification of the prompt radiation shielding design of the ESS 
Accelerator - Stage 2 

Parties to the Agreement:  European Spallation Source, ESS ERIC and Fermi Research 
Alliance, LLC 

Abstract of CRADA work: 

The purpose of this CRADA is to perform additional analyses using MARS Monte-Carlo 
calculations code for verification of the prompt radiation shielding design of the ESS 
Accelerator. Stage 2 includes the following activities: 

1. Activation assessment of the soil surrounding the wall of the ESS accelerator that may
migrate with the groundwater

2. Shielding assessment of the HVAC exhaust duct
The existing ESS accelerator model (with possible minor modifications) shall be used in 
calculations. This work builds on the analysis originally performed under agreement CRADA 
FRA-2015-0302. 

Summary of Research Results: 

Activation of the soil surrounding the ESS accelerator tunnel calculated by the MARS15 code is 
presented. A detailed composition of the soil, that comprises about 30 chemical elements, is 
considered. Spatial distributions of the produced activity are provided in both transverse and 
longitudinal directions. A realistic irradiation profile for the entire planned lifetime of the 
facility is used. The nuclear transmutation and decay of the produced radionuclides is 
calculated with the DeTra code which is a built-in tool for the MARS15 code. Radionuclide 
production by low-energy neutrons is calculated using the ENDF/B-VII evaluated nuclear data 
library. In order to estimate quality of this activation assessment, a comparison between 
calculated and measured activation of various foils in a similar radiation environment is 
presented. 
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Related Reports, Publications, and Presentations: 

“Activation assessment of the soil around the ESS accelerator tunnel”, I. L. Rakhno et al 2019 J. 
Phys: Conf. Ser 1046 012020 (OSTI Identifier 1413086) 

Subject Inventions listing:  

None 

Report Date:  June 12, 2018 

Technical Contact at Fermilab: Nikolai Mokhov 

This document contains NO confidential, protectable or proprietary information. 
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