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Spent nuclear fuel

The CONSTOR RBMK-1500/M2 cask used for the interim

storage of spent nuclear fuel (SNF) at Ignalina NPP was

chosen to demonstrate radiation shielding properties for

innovative concrete mixtures against high-level emissions. A

special heavy concrete (CONSTORIT) is used for the

radiation shielding in the CONSTOR cask. In this study,

CONSTORIT was replaced with innovative concrete mixtures.

It was found, that new concrete composite materials can be

an excellent solution for SNF storage facilities, since on the

one hand they increase neutron radiation shielding properties

through the use of BBF in concrete, a gamma radiation

shielding properties are provided by simply replacing coarse

aggregate with heavier ones like ferric oxide.
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Introduction

Because of their low cost and radiation shielding properties,

cement-based concretes are used for radioactive waste

management. However, Oil Shale Ash (OSA), the by-product

of energy production, is overlooked as a supplementary

cementitious material in concrete production to promote the

circular economy. In addition, basalt-boron fibers (BBF) to

improve neutron shielding were considered in this study, too.

The study focuses on assessing the radiation shielding

properties of concrete with OSA and BBF additives.

Radiation shielding properties were estimated by simulating

particle transports in innovative concrete mixtures using the

SCALE code.

Short-lived, low and intermediate level waste

The overpack containers for nuclear waste used at Ignalina

Nuclear Power Plant (NPP) for the short-lived, low and

intermediate-level liquid waste were chosen to demonstrate

radiation shielding properties for concrete mixtures with

additives against realistic low-level emissions. The

cemented grout, used for waste drums immobilization within

the container, is changed with the concrete with OSA and

BBF to evaluate the radiation shielding properties of

concrete. Concrete recipes with innovative additives resulted

in 11% lower dose rates in comparison with the traditional

cement paste.

Ingredients / Recipes Cement Paste E3-0 E3-1 G3-1 G3-3 

Density (g/cm3) 1.934  2.405 2.419 2.413 2.403 

Schwenk Eco cement 
CEM II A-LL 42.5 N 

7.14E-01 1.23E-01 1.24E-01 1.28E-01 1.27E-01 

Oil shale ash - - 7.02E-03 6.39E-03 1.90E-02 

Water 2.86E-01 7.66E-02 7.02E-02 7.15E-02 7.06E-02 

Dolomite 4-8 mm - 4.45E-01 4.48E-01 4.40E-01 4.34E-01 

Sand 0.3-2.5 mm - 2.57E-01 2.59E-01 2.54E-01 2.51E-01 

Sand 0-1.0 mm - 4.85E-02 4.88E-02 4.79E-02 4.73E-02 

Dolomite flour - 3.49E-02 3.51E-02 3.45E-02 3.40E-02 

Plasticizer - 4.77E-03 5.05E-03 4.21E-03 4.15E-03 

Basalt-boron fibers - 3.40E-03 3.42E-03 1.35E-02 1.33E-02 

 

Mix Density (g/cm3) 

Plain concrete 2.288 

E2-0 2.287 

E2-1 2.277 

E2-2 2.263 

F2-0 2.276 

F2-1 2.266 

F2-2 2.255 

G3-0 2.377 

G3-4 2.329 

Heavy concrete 3.385 

 


