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Motivation

• The measurement of SACS for selected reactions is of high interest 
because they are used for the practical reactor dosimetry, where 
these reactions are used to monitor the neutron flux behind reactor 
vessel and then determine reactor vessel damage.

• These verifications are also important for refining neutron fission 
spectrum of 235U in region of higher neutron energies.
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LR-0 reactor
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For measuring and validation were chosen LR-0 
reactor for its better-described neutron 
spectrum.

Basic parameters of reactor:
• Water pool type 
• Continuous nominal power 1kW
• Fast neutron flux (above 1MeV) 2x108 cm-2s-1

• Thermal neutron flux about 109 cm-2s-1

• Suitable for physics experiments on VVER
• Wide range of fuel enrichment
• Various concentration of H3BO3 in moderator



Characterization of reactor spectrum

• Several experiments were performed to compared measured results 
with the model of reactor core

• Mainly two factors are needed: critical experiment and power profile 
experiment. 

• For greater certainty were performed other experiments: stilbene 
measuring of fast neutron spectra and spatial distribution 
experiment. 

• It was also shown, that over 6 MeV LR-0 spectrum is 
undistinguishable from 235U Prompt Fission Neutron Spectra (235U 
PFNS). 
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Critical experiment
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• Critical height Hcr of reactor were detected by 
measuring the number of neutrons in reactor 
core

• The measured Hcr were after compared with
calculated Hcr

• This experiment were also performed with 
graphite inside the dry central channel



Power profile of LR-0 reactor

7

• Reactor fuel assembly can be dismantled and each 
fuel pin can be measured separately

• 8 pins were selected for measurement
• Measurement were compared with MCNP6 

calculations



Fast neutron spectra measurement

• Scintilation stilbene detector were 
placed in the middle of core, same 
place where all samples are 
irradiated

• Measurement were compared with 
MCNP6 calculations
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Spatial distribution experiment
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• Aluminum holder with activation foils, mainly Au and Ni
• Non-homogeneities are negligible in the part where 

samples are irradiated
• MCNP6 calculations were compared with activation foils 

measurement

Obr.2: Calculated 
radial non-
homogeneities 

Obr.1: Calculated 
axial non-
homogeneities



Prompt fission neutron spectra
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• Comparison of measured LR-0 reactor 
spectrum with calculated PFNS of 235U 
from ENDF/B-VII.0, ENDF/B-VII.1 and 
CIELO nuclear data libraries above 
6MeV

• Up to 10MeV the difference is 
negligible

• Above 10MeV also nuclear data 
libraries have different data - cross-
section measurement also validate this 
PFNS of 235U

• Experiments shows greater accuracy of 
CIELO nuclear data library



Characterization of HPGe detector

11

• Detector was irradiated 2 hours in pure 137Cs gamma 
source in distance 5m at ČMI

• From the resulting radiogram were measured detector 
parameters

• Due to the divergence of the 137Cs source beam, it was 
necessary to made a correction



Characterization of HPGe detector

• Obtained parameters were used for insensitive 
layer thickness measurement

• Designed collimator with 241Am source -
59.54keV

• Measurement at two angles - 90° and 45°

12

dGe = 0.158 ± 0.003 cm



Characterization of HPGe detector
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• Detector model was verified with the 
point etalon and Marinelli beaker 
sources

• Discrepancy between calculation and 
experiment in relevant gamma energy 
region is about 1.9% in the point 
source (identical with foils 
measurement) and 1% in Marinelli
beaker geometry (close to the capsule 
measurement)



Validation of 90Zr(n,2n), 55Mn(n,2n) and 
127I(n,2n) reactions

• Reaction rates q were determined by measuring NPA using HPGe
detector

• Experimental reaction rate of the studied (n,2n) reactions were scaled 
to unit neutron emission in the core using the scaling factor K derived 
from the monitoring activation foils.
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Validation of 90Zr(n,2n), 55Mn(n,2n) and 
127I(n,2n) reactions
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• 235U prompt fission neutron spectra (PFNS) was calculated by ENDF-VII and CIELO nuclear    
data libraries

• neutron flux Ф is obtained by multiplying calculated relative flux (MCNP6) φrel(1 nps) with 
the scaling factor K

• For the correctness of the calculations, a well-defined reactor spectrum is needed



90Zr(n,2n) measurement
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• ZrO2 were placed in aluminum can with the 
same diameter as HPGe detector

• At the surface were placed activation foils of Au 
and Ni

• Zr and activation foil were measured at HPGe
detector

• detector efficiency calibration was calculated by 
MCNP6 code (well-characterized detector model 
is needed)



90Zr(n,2n) measurement

• Calculated and measured spectral average cross-sections were 
compared for various libraries

• PFNS was calculated by ENDF-VII and CIELO nuclear data libraries
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55Mn(n,2n) and 127I(n,2n) measurement
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• Same measurement as in the case of Zr
• Each capsule were measured separately at 

the HPGe detector



55Mn(n,2n) and 127I(n,2n) measurement

• PFNS was calculated by ENDF-VII nuclear data library

• Calculated and measured spectral average cross-sections were 
compared for various libraries
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