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 Widely used in both the primary and 
secondary containment structures of nuclear 
power plants (NPPs). 

 Consists of aggregates suspended in a 
cementitious material matrix and is inherently 
an inhomogenous material. 

 Only a limited amount of research on the 
long-term effects of irradiation on concrete 
mechanical properties has been performed. 
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 Generally made with a Portland cement matrix. 

 Portland cement is primarily manufactured from 
a calcareous material. 
◦ Limestone 
◦ Chalk 

 Clay or shale provides the silica and alumina to 
Portland cement. 

 Composite nature of concrete aids in the ability 
to attenuate gamma and neutron radiation. 
◦ Source of scatter in experimental data 

 Typically obtained from a local quarry during the 
construction . 
◦ Site-to-site variability in concrete properties 
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 The attenuation or absorption of radiation in 
a material results in the generation of heat. 

 The heat generation may result in higher than 
expected stresses because of the temperature 
gradient across the concrete shielding. 

 Heat from gamma radiation may result in 
dehydration of the concrete. 

 The influence of radiation and temperature 
on concrete is very difficult to isolate 
experimentally, because both occur 
simultaneously. 
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 H.K. Hilsdorf’s 1978 paper described the effects 
of nuclear radiation on concrete properties. 

 Hilsdorf compiled previously published data on 
the effect of nuclear radiation on concrete. 
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Source: Hilsdorf, H., J. 

Kropp, H. Koch.  The 

Effects of Nuclear 

Radiation on the 

Mechanical Properties 

of Concrete. American 

Concrete Institute.  

Report SP-55-10.  p. 

223-251.  1978. 

•Reprinted with 

permission of ACI 
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 Neutron radiation with a fluence of greater 
than 1x1019 n/cm2 (neutron per square 
centimeter) may have a detrimental effect on 
concrete strength and modulus of elasticity. 

 In biological shield walls, the neutron 
radiation fluence may exceed 5x1019 n/cm2. 

 Threshold dose approximately 1010 rads. 

 Currently still used as reference threshold 
levels by many. 
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 2010 - O. Kontani and colleagues concluded that the 
test conditions from some of the experiments on 
which Hilsdorf based his conclusions were not 
representative of the typical operating history of a 
commercial nuclear reactor, and thus may not be 
applicable 
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•Source: Kontani, O. et al.  Irradiation Effects on Concrete Durability of Nuclear Power Plants.  Proceedings of ICAPP 

2011 Conference (Paper 11361).  Nice, France, May 2-5, 2011. 

•Reprinted with permission of ICAPP 
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 In last 10-15 years, more interest on topic of 
concrete irradiation. 

 Many researchers using computer modeling/ 
simulation to obtain 3D fluence measurements 
◦ MCNP 

◦ SCALE 

 A technical gap exists in the nuclear industry’s 
knowledge of the long-term effects of irradiation 
on the structural integrity of concrete located in 
safety critical regions of a nuclear reactor 
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 Improved knowledge of the performance of 
irradiated concrete is required to support 
the long term operation of nuclear plants 
around the world.   

 Programs are in place that address other 
degradation mechanisms of concrete, but a 
clear and focused program is required on 
the effects of radiation. 
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 Irradiated concrete that is removed from 
nuclear power plants being 
decommissioned provides the best 
opportunity to characterize the effects of 
radiation.   

 Analyzing naturally irradiated cores is 
expected to provide a technical foundation 
for development of methods to accelerate 
the irradiation of samples so that behavior 
for the number of years of potential 
operation can be characterized. 
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 Plants from which samples may be removed 
need to be identified.  We expect that these 
will be available around the world.   

 The location of samples to be removed from 
target plants will be identified. 

 The removal, testing, and data analysis can 
be performed collaboratively.   
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 In order to allow concrete and test data from 
around the world to be quantitatively “placed on 
the same graph”, the removal and tests must be 
controlled 

 Protocols will be prepared and approved prior to 
use: 

Removal 
Storage 
Labeling 
Shipping (within country and internationally) 
Laboratory Testing 
Quality Assurance 
Data Collection 
Fluence Calculations 
Maybe others? 
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1. Identify decommissioned or shut down plants and 
obtain agreement to obtain irradiated concrete 
samples from the reactor cavity.   

2. Obtain drawings, operating experience, condition 
during operation, concrete specification, pour history, 
early test results on concrete, and other similar 
information that can be located. 

3. Decide on the location and number of cores.  Agree 
on the Protocol for core removal and storage. 

4. Once the cores are removed, they should be stored in 
preparation for testing. 

5. A “Testing Protocol for Radioactive Cores” will be 
provided to perform tests.  
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 It is estimated that up to approximately twenty 
cores in the reactor shield wall would be 
desired.   

 The core removal locations would be selected 
so that each core would have an irradiated end 
(near the reactor vessel) and an unirradiated 
end (away from the reactor vessel). 

 Multiple cores would be removed at each 
location of interest. 

 The cores would be 4” or 6” (10 cm or 15 cm) 
in diameter depending on the aggregate size. 

17 



 The testing protocol will be adequate to reproducibly detect 
differences between irradiated and non-irradiated concrete.   

 This “Testing Protocol for Radioactive Cores” will define the 
tests in detail so that the tests can reliably be performed in 
different labs in different countries and will produce data that 
will be fully compatible.   

 This test protocol is expected to include at least: 

◦ Compression tests 
◦ Chemical characterization 
◦ Petrography 
◦ Microstructural examination 
◦ NDE 
◦ TGA  

 Others tests that are proposed and agreed will be included. 
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 Information is desired on the composition of the concrete, 
the construction, and the operational history of the reactor is 
desired.   

 Relevant information would include:  
◦ as-built drawings 
◦ data on operating experience 
◦ data on the environmental conditions during operation (e.g. 

temperature, fluence) 
◦ concrete specifications (e.g. mix, details on 

aggregates/components in mix) 
◦ pour history (batch records) 
◦ early test results on concrete (e.g. 28-day strength, slump, 

others) 
◦ photographs taken during the construction 
◦ operational history 

19 



 Sufficient information is necessary so that 
meaningful fluence calculations and three-
dimensional transport models can be 
prepared. 

 Through-wall and circumferential exposure 
analysis of the concrete is required. 

 Gamma radiation should be included in the 
calculations in order to determine the 
temperature distributions  in the concrete 
resulting from radiation heating. 
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 Consideration of Long Term Operation 
requires additional data on the effects of 
irradiation on concrete. 

 Removal and testing of cores from shut down 
or decommissioned plants provides an 
excellent opportunity to determine the effects 
of radiation. 

 As soon as that is understood, decisions can 
be made as to the best way to understand the 
capability of concrete for the long term. 
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