
11
th

 International Conference  May 15-17, 2012   Tatranské Matliare 

ENERGY – ECOLOGY – ECONOMY 2012 High Tatras, Slovak Republic 

 

 

ASSESSMENT OF EXPOSURE PATHWAYS CONNECTED WITH 

CONSTRUCTION AND OPERATION OF CONCRETE BRIDGE 

REINFORCED WITH VERY LOW LEVEL RADIOACTIVE STEEL 

Pánik, M.
1,2

, Nečas, V.
1
 

 
1
Slovak University of Technology in Bratislava,   

Faculty of Electrical Engineering and Information 

Technology, 

Institute of Nuclear and Physical Engineering, 

Ilkovičova 3, 812 19 Bratislava, Slovakia 

 michal.panik@stuba.sk 

vladimir.necas@stuba.sk 

 

 
2
Decom, Inc. 

Sibírska 1  

917 01 Trnava  

Slovakia 

panik@decom.sk 

 

 

Abstract  

Large amount of low level radioactive material arises during decommissioning of nuclear power plants. 

Material mostly comprises metal scrap and concrete ruble. Paper deals with recycling and reuse of metal scrap 

and its utilization as part of reinforcement of concrete bridges under the conditional release concept. Radiation 

exposure originating in very low level reinforcement steel consists of several exposure pathways. Short-term 

radiation impact is represented mostly by external exposure pathway and it is relevant to the construction 

workers and users of the bridge. Long-term radiation impacts on inhabitants living near finished bridge and it is 

divided into inhalation and ingestion of radionuclides – internal exposure pathways. Radiation impact caused by 

utilization of very low level radioactive waste was calculated using simulation software VISIPLAN 3D ALARA 

and GOLDSIM. Results of calculations provide fair summary of possibilities of utilization of conditionally 

released steel as reinforcement of concrete bridges. 
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1 INTRODUCTION 

Many nuclear power plants are approaching the end of their lifetime and turn into phase-out period. Following 

decommissioning process involves dismantling of technologies, demolition of buildings and inevitable 

production of various kinds of waste that needs to be properly managed depending on its nature. Waste that was 

activated or contaminated with radionuclides must be divided into different groups according to material 

properties, radioactivity, toxicity, etc. Large group of decommissioning waste comprise materials with very low 

level radioactivity that is possible to release into the environment using 2 release options [1]. Unconditional 

release is applicable on the materials with specific activity below limits stated in legislation [2]. Second option is 

conditional release that could be used on the materials that just slightly exceed specific activity limits but fulfill 

the dose limits stated in legislation [2] at the same time. Conditional release concept can be used only if the 

slightly radioactive material is used for specific predefined industry application and it is proven that the 

utilization will not cause radiation exposure higher than legislation dose limit. 

Paper describes application of conditionally released decommissioning steel that is used as part of reinforcement 

of concrete bridges. External exposure caused by gamma radiation was simulated using VISIPLAN 3D ALARA 

Planning Tool. Internal exposure represented by ingestion and inhalation of radionuclides originating in released 

steel was calculated using GOLDSIM software. Results of calculations were summarized and critical individual 

that receives highest radiation dose was identified. Critical exposure pathway was selected as well. 

2 UTILIZATION OF CONDITIONALLY RELEASED MATERIALS FOR CONCRETE BRIDGES 

CONSTRUCTION 

Conditionally released material that can be used for construction of concrete bridge is mostly re-melted steel 

from decommissioning in form of reinforcement steel rods. Steel in another form is not convenient due to 

radiological reasons and its possibility to dismantle, theft and utilization for unauthorized purpose. Another 

decommissioning material, concrete ruble cannot be used because of its insufficient solidness and static 

characteristics [3]. Estimation of doses received from the conditionally released very low level reinforcement 

steel was done using chosen validated and verified software. 
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2.1 Possible Exposure Pathways 

Radiation impact can be divided based on the time scale to the short-term or long-term impact. Another division 

comprises various exposure pathways, external pathway, inhalation, ingestion and skin irradiation pathway. 

Third type of division is based on the person who receives dose, e.g. construction worker or inhabitant. All these 

approaches are combined in the process of choosing maximum dose received by critical individual and relevant 

specific activity limits for the conditional release. Specific activity limits for the conditional release of 

radionuclides are directly related to the dose received by critical individual keeping in mind the dose limits stated 

in the legislation [2] – 10 µSv/yr or 50 µSv/yr under special circumstances. 

Tab. 1 Connections between different dose assessment approaches 

SHORT-TERM IMPACT LONG-TERM IMPACT  Time Scale 

Construction Workers Inhabitants  Person 

external exposure external exposure 

 Exposure Pathway 
 skin irradiation 

inhalation 

ingestion 

External exposure of construction workers was calculated using VISIPLAN 3D ALARA, appropriate software 

for calculation of gamma irradiation in short-term. All the exposure pathways relevant for the inhabitants living 

near the bridge were calculated using GOLDSIM, calculation tool able to simulate radionuclide transport 

through the subsoil in long-term period.  

2.2 Output Parameters of Calculations 

Output parameters of calculations consist of individual effective dose absorbed by the worker during 

construction of concrete bridge and individual effective dose received by the inhabitants living near the bridge 

during its lifetime and post-closure period. 

2.3 Assessed Scenario 

Within the scope of simulation of irradiation of workers during the construction of the bridge, 2 models of 

concrete bridges were created in VISIPLAN 3D ALARA. These 2 models are representative because they use 2 

different building procedures. First bridge is made mostly of prefabricated components and second bridge is 

almost completely built on the construction site. Both bridges have comparable dimensions [3]. Only relevant 

exposure pathway in this case is external exposure caused by gamma irradiation. Therefore radiation sources 

used for simulation comprise just 3 radionuclides that are important for this pathway besides, they are common 

elements in radionuclide vectors of decommissioned nuclear power plants.     

Creation of the long-term impact models in GOLDSIM software needs different logic. Models have to comprise 

information about radionuclide inventory in the conditionally released material, physical and geological 

parameters of subsoil and surroundings of already built bridge. Then the software calculates concentration of 

radionuclides in chosen location and subsequently it is possible to estimate the dose received by person. Dose 

consists of external exposure from the contaminated soil, inhalation of contaminated dust and ingestion of 

contaminated water, vegetables or animal products. Simulation of these exposure pathways requires complex 

spectrum of radionuclides as radiation sources to achieve satisfactory level of accuracy and representativeness.  

3 RESULTS OF CALCULATIONS 

3.1 Short-term Impact – Construction Workers 

Two types of concrete bridges were chosen as the base for modelling. Both bridges are widespread and very 

common and they are built using different building technologies. Thus these bridges can be considered 

representative. First bridge comprises prefabricated components that are produced in specialized facilities. 

Second bridge is `monolithic` and it is almost completely built on the construction site. Both bridges have the 

same length to be comparable. Chosen bridges can be divided into 3 parts depending on the placement of 

radioactive reinforcement steel: 

• Utilization for piles construction 

• Utilization for piers construction 

• Utilization for superstructure construction 
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This division allows splitting the dose absorbed during the construction of each part and then to assess if 

different parts of the bridge are suitable for the incorporation of conditionally cleared steel. It is possible to 

determine the value of the mass activities for each part separately. Working procedures needed for building of 

both bridges were grouped according to 3 basic parts of the bridge and the calculation results were summarized 

for these parts. 

The concrete bridge made of prefabricated components chosen as the basis of the model reaches the length of 

1650 m. The foundations consist of large diameter piles 13 m long under the abutments and 14 m long under the 

piers. Piers of the bridge are cylinder shaped with the circular cross-cutting diameter of 1600 mm. The 

superstructure is composed of ten 1400 mm high I-96 type girders connected with a 200 mm thick concrete deck. 

Prefabricated girders are placed on prefabricated cross beams with a 500 mm thick bottom plate [3].  

There are several technologies for the construction of monolithic bridges. The bridge constructed by the 

technology called `launching` was selected as a basis for modelling. A bridge construction workplace is created 

in the initial point of the future bridge. A support structure installed inside this workplace also serves as 

moulding. Inside this structure workers bind the reinforcement of the sections of the superstructure. The section 

is then concreted and after hardening is hydraulically lifted and launched forward on pre-built piers. The entire 

length of the bridge superstructure is built following this process. `Launching` was chosen as a technology 

suitable for building a bridge that utilizes the very low level radioactive steel because this technology enables the 

determination of the type and the duration of the construction process precise enough. These findings are 

essential for modelling of the construction process. The monolithic concrete bridge chosen as the basis for 

creating the model reaches the length of 1650 m. Its foundation is identical to the foundation of prefabricated 

bridge. Bridge piers are rectangular with beveled edges and the head on top [3]. 

The following tables includes summarized results containing the annual exposure time of workers or the 

population, average dose rates and received annual individual effective doses of workers or members of the 

public performing assigned activities related to the particular scenario. Calculations were performed for the 

specific mass activity 300 Bq/kg contained in the conditionally cleared steel. 

Tab. 2 Dose assessment results for the radionuclide Co-60 in bridge scenario 

  Performed activity 
Average dose rates 

(µSv/hour) 

Annual 

exposure time 

(hours) 

Annual received 

individual effective 

dose (µSv) 

M
o
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o
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ri
d

g
e
 

C
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n
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a

g
e
 

Building of piles 6,6E-03 1250 8,25 

Building of piers 10,3E-02 2000 206,31 

Building of superstructure 5,3E-02 2000 106,62 

Operation 

stage 
Driver* 6,7E-03 12 8,03E-02 

P
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 Building of piles 6,6E-03 1250 8,25 

Building of piers 1,9E-02 2000 38,47 

Building of superstructure 2,6E-02 2000 51,65 

Operation 

stage 
Driver* 3,5E-03 12 4,17E-02 

* Driver uses bridge twice every day. 

 

3.2 Long-term Impact – Inhabitants 

Long term impact of conditionally released radioactive steel can be calculated in GOLDSIM simulation 

software. Model was created using the same parameters and properties as it is stated in Section 3.1. Another data 

that has to be inputted into GOLDSIM model are characteristics of natural surroundings of the simulated 

construction. Necessary data include types and dimensions of subsoil and rock under the construction, amount of 

annual rainfall, volume and velocity of groundwater, distribution coefficients of all nuclides in radiation source 

and many more. Very important input is composition of radiation source. Radiation source used in the model 

that calculates long-term impact (inhalation, ingestion and external irradiation) must consist of more 

radionuclides than radiation source for calculation of short-term impact stated in Section 3.1. In case of long-

term exposure pathways it is necessary to include all radionuclides that can originate in nuclear installation, even 

those that does not emit gamma radiation. Alpha or beta radiation can be harmful especially for internal uptake 

of radionuclides. 
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Tab. 3 states list of radionuclides used in calculation of long-term impact scenario. 

Tab. 3 List of radionuclides in GOLDSIM model [4] 

R
a

d
io

n
u

cl
id

e
s 

H-3 Ni-63 Ag-110m Sm-147 Ra-226 U-234 

Be-10 Zn-65 Sn-121m Sm-151 Ac-227 U-235 

C-14 Se-79 Sb-125 Eu-152 Th-228 U-236 

Na-22 Sr-90 Te-125m Eu-154 Ra-228 Np-237 

K-40 Mo-93 Sn-126 Tl-204 Ac-228 Pu-238 

Ca-41 Zr-93 I-129 Pb-210 Th-229 U-238 

Mn-54 Nb-93m Cs-134 Po-210 Th-230 Pu-239 

Fe-55 Nb-94 Cs-135 Pb-212 Pa-231 Pu-240 

Co-57 Tc-99 Cs-137 Bi-212 Th-232 Am-241 

Ni-59 Ru-106 Ce-144 Bi-214 Pa-233 Pu-241 

Co-60 Pd-107 Pm-147 Pb-214 U-233 Cm-244 

Conceptual model for calculation of long-term impact of concrete bridge that utilizes conditionally released 

radioactive steel as reinforcement comprise following parts: 

 Aboveground part of the bridge – piers and superstructure of the bridge 

 Underground part of the bridge – piles that are placed in unsaturated subsoil zone 

 Saturated subsoil zone – aquifer for groundwater 

 Well – source of drinking and irrigation water for inhabitants 

 Garden – used for production of food for inhabitants and animals 

Bridge is 1650 m long and well is placed 50 m in perpendicular direction to the bridge. Unsaturated zone 

comprise sandy soil and saturated zone consists of clay soil. Groundwater flow is heading to the well and its 

velocity is set to 8,5E-05 m/s. Water from the well is used for irrigation of 2 ha garden where vegetables, cereals 

and other plants are grown. These plants are used as food directly for inhabitants or as fodder for animals that are 

eaten by inhabitants. All the necessary data used in model were acquired from international documents [4, 5]. 

Fig. 1 schematically shows the picture of modeled situation. 

 

Fig. 1 Visualization of conceptual model of long-term impact of bridge construction 

Results of calculations comprise doses from all exposure pathways relevant for inhabitants: 

 External exposure – gamma irradiation from the contaminated soil and skin irradiation from 

contaminated dust 

 Inhalation – irradiation from contaminated dust 

 Ingestion – irradiation from contaminated vegetables, cereals, meat, milk and drinking water. 
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Fig. 2 Sum of doses received from selected radionuclides – long-term impact 

Fig. 2 shows the accumulated dose received by inhabitant from all long-term impact exposure pathways for 

selected radionuclides. Doses were calculated for 10 000 years but the results in the graph shows data only for 

2 500 years because the most values of doses stabilize after this time period. More important is to study first few 

hundred years when it is possible to register contribution of most of the followed radionuclides to the final dose. 

Y-axis is logarithmic because half-lives and impacts of respective radionuclides vary on large scale. Doses are 

very low because calculation was done for specific activity 300 Bq/kg. Proportions between radiation doses 

produced by selected radionuclides offer overview of timescales and impacts of single radionuclides as it is 

stated in Tab. 4. 

 

3.3 Final Results 

Results stated in the Tab. 4 consist of chosen radionuclides, relevant critical exposure pathways, identification of 

critical individual, limits of specific activity from legislation and recalculated limits of specific activity for 10 

µSv/yr and 50 µSv/yr dose limits.  

10 radionuclides were chosen for the presentation of results with regard to clarity and lucidity. Radionuclides 

were selected based on radionuclide vector of V1 NPP in Jaslovske Bohunice which is under decommissioning 

right now. Radionuclides with short half-life (typically less than 1 year) were omitted. Critical exposure pathway 

causes highest radiation exposure to critical individual. Critical individual can absorb doses from more than one 

exposure pathways therefore the final dose used for calculation of limits of specific activity was summarized 

from all relevant exposure pathways. 

Tab. 4 Critical exposure pathways, critical individuals and recalculated limits of mass specific activity 

Nuclide 
Critical Exposure 

Pathway 
Critical Individual 

Legislation Specific 

Activity Limit 

[Bq/kg] 

Recalculated Specific Activity 

Limit [Bq/kg] 

10 µSv/yr 50 µSv/yr 

Fe-55 Ingestion Inhabitant 3,00E+05 4,91E+18 2,46E+19 

Co-60 External Construction worker 3,00E+02 3,60E+02 1,80E+03 

Ni-63 Ingestion Inhabitant 3,00E+06 9,48E+08 4,74E+09 

Sb-125 External Inhabitant 3,00E+02 1,27E+17 6,34E+17 

Ni-59 Ingestion Inhabitant 3,00E+05 4,32E+06 2,16E+07 

Nb-94 External Construction worker 3,00E+02 4,60E+02 2,30E+03 

Pu-241 Inhalation Inhabitant 3,00E+04 4,64E+18 2,32E+19 

Sr-90 Ingestion Inhabitant 3,00E+03 6,11E+05 3,05E+06 

Cs-137 External Construction worker 3,00E+02 1,30E+03 6,20E+03 

Am-241 Inhalation Inhabitant 3,00E+02 3,04E+05 1,52E+06 
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Recalculated specific activities of Fe-55, Sb-125 and Pu-241 reach very high values. All these three 

radionuclides have short half-lives (less than 15 years). This means that they will not influence the long-term 

impact but they will become important as contributors to the dose during melting process or fabrication of final 

products. These processes are performed in controlled area where different dose limits are used. Mentioned 

processes were not calculated in this paper. 

From the data in the Tab. 4 it is clear that long-term impact of conditional release of steel and its reuse in 

concrete bridges construction is very low, practically negligible. Therefore attention should be focused on short-

term impact, specifically on gamma irradiation of construction workers. Effective doses absorbed by workers 

building the bridge are close to the legislative dose limits. Radionuclides emitting high energy gamma photons 

are limiting the allowable mass specific activity of conditionally releasing material. Generally it is possible to 

say that limits of specific activities of chosen radionuclides could be increased by one order of magnitude 

(towards legislation) keeping required safety standards – annual individual effective dose 10 µSv (50 µSv) and 

annual collective effective dose 1 manSv. 

4 CONCLUSION 

The issue of conditional release of materials is becoming more and more important in the light of recent planned 

shutdown of reactors that will be decommissioned in the future. It is clear that reuse of conditionally released 

materials in public constructions as bridges must be implemented very carefully to avoid negative reactions of 

the public. The whole implementation process has to be transparent and it has to be determined and proven that 

construction built using conditionally released materials is safe during short and also during long-term period. 

Results of calculations stated in the paper offer more detailed look on the radiation safety of potential concrete 

bridge that utilizes slightly radioactive conditionally released steel as reinforcement. Based on the results it is 

possible to say that short-term impact of gamma radionuclides represent most important exposure pathway that 

will limit the specific mass activity of released steel. Long-term impact on inhabitants seems to be negligible in 

all common situations. 
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