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http://www.neolant.com/IModeling/

Motivation

• All stages of Nuclear Power Plant (NPP) operation and maintenance are directly related

• Decommissioning is about 1/3 of the entire life of the NPP structure and is heavily influenced by design 

• During the decommissioning of NPP, a significant amount of cement based composites should be disposed as radioactive 
waste

• The potential activation of elements in concrete should be minimalize

• The concrete constituents should be carefully selected to contain as low as possible concentration of dominant long-
lived residual radioisotopes, while maintaining all the required parameters related to strength and durability
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Goal of the reserach

After decommissioning, the massive concrete should be treated as radioactive waste

The use of low-activation constituents could effectively reduce radioactivity of concrete

An assessment of long-lived residual radioisotopes in cement

intended for shielding concrete in nuclear power plant

Europium-152, T1/2 = 13.54 years

Europium-154, T1/2 = 8.59 years

Cobalt-60, T1/2 = 5.28 years

Caesium-134, T1/2 = 2.07 years
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Materials
Four Portland cements were taken into consideration.

XRF method, wt %
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Concentrations of major and trace elements in cements were determined by Prompt Gamma
Activation Analysis (PGAA) 
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Testing methods

PGAA
Major elements (11) and some trace (~5):
➢ Si, Ti, K, Fe and also H
➢ B, Cl, and Gd

• The thickness of the specimens was kept at the lowest possible (2-3 mm) 
to minimize the effect of self-shielding and self-absorption

• The irradiation and the collection of prompt-gamma spectra took place in 
one hour

2-3 g for PGAA
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The assessment of trace elements with large activation cross section using Neutron Activation
Analysis (NAA) was performed.
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Testing methods

150 mg for NAA

NAA
Trace elements (~20):

➢ 14 long-lived radionuclides

• Each cement was heat-sealed in high-purity quartz. The quartz ampules were wrapped in 
aluminum foil and encapsulated in an aluminum container

• The irradiation process took 3 hours and was performed in a channel of the Budapest Research 
Reactor

• The thermal equivalent neutron flux in the irradiation channel was 1.86x1013 cm2 s-1
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Results
The major elemental composition of cement measured by PGAA, wt. %
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23 radionuclides were 
detected using the 
Neutron Activation
Analysis
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Results The concentrations of radionuclides in cements induced by NAA, g/g

Caesium-134, T1/2 = 2.07 years

Cobalt-60, T1/2 = 5.28 years

Europium-152, T1/2 = 13.54 years
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Results
Content of 60Co, 152Eu and 134Cs in Portland cements

Cobalt 60 Europium 152 Caesium 134
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Content of Europium and Cobalt isotopes vs Fe concentration in cement 

Results
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Results

Concentration of the Cobalt isotope vs alkalis content in cement 
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Conclusions

• Application of prompt gamma activation analysis and neutron activation analysis allows for 
a pre-selection of low-activation cement based on its elemental composition.

• Three major long-lived residual radioisotopes were found in cements: 152Eu, 60Co and 134Cs.

• For the considered range of Portland cements CEM I the content of Cobalt was proportional 
to the content of alkalis and the content of Europium as well as Cobalt concentartion was 
proportional to the total content of Ferrum.

• The cement with the low content of Fe and Al (white cement) was characterized by the 
lowest content of long-lived residual radioisotopes, making it suitable for low-activation 
concrete.
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• Investigations on special aggregate and concrete activation are
currently ongoing.

• New criterion for concrete mix design to reduce radioactive waste will 
be considered.

• Results of  concrete constituent activation will be used to facilitate a 
multicriteria selection of constituents for shielding concrete.
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Future research
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contact: djozwiak@ippt.pan.pl 
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