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Abstract 

The appearance of orphan sources in steelmaking facilities has 
become a fact nowadays. Radiation sources, hidden within the scrap, may 
come into the scrapyard and become part of the melting. As a result, 
dispersion of the radioactive material that makes up the source takes place 
throughout the facility. The University of the Basque Country (UPV-EHU), in 
collaboration with the Empresa Nacional de Residuos Radiactivos, S.A. 
(ENRESA) and the Consejo de Seguridad Nuclear (CSN), has carried out a 
Research Project to analyze this accidental melting of radioactive sources in 
electric arc furnaces (EAF). 

The whole steelmaking process can be analyzed in several discrete 
phases. Radioactive sources that may be incorporated to this process will be 
exposed to the different critical conditions prevailing during each phase. In 
this sense, Computational Fluid Dynamics (CFD) has been used in order to 
recreate such conditions and so, determine the characteristics of the 
dispersion of radioactivity. Two different situations have been studied in 
detail using CFD techniques: thermal conditions around a scrap-basket that 
contains the source just before entering the furnace and the deposition of 
steelmaking dust containing 137Cs on the inner surface of flue pipes. 

Before entering the furnace, scrap is usually placed inside a basket 
that remains above the furnace during some time. Once the furnace is open 
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the scrap is dropped into the furnace to complete the loading process. CFD 
techniques have been used to analyze the thermal conditions around the 
basket in order to assess the possibility of a break of the radioactive source 
hidden within the scrap, concluding that commercial sources will maintain 
their integrity during the whole loading process. 

On the other hand, after entering the furnace dispersion of the 
radioactive material will take place. Physical and chemical properties of the 
active elements (chemical form, composition, melting point, etc.) together 
with the prevailing conditions inside the furnace (temperature, 
characteristics of the refractory material and slag, turbulences, etc.) will 
characterize the scenario for the dispersion of the radioactivity. In this 
sense, behaviour of radioactive sources made up with 137Cs deserves special 
consideration, as long as it will be easily incorporated to the fumes. 
Caesium is highly volatile and the experience shows that it is dragged along 
sticked on dust particles towards the filter baghouse. As a consequence, 
plateout processes take place on the pipes of the gas treatment system. This 
plateout process has also been studied using CFD techniques, tracking dust 
particles of different sizes to analyze the retention of dust and, in 
consequence, of radioactivity along the pipes. The results obtained in the 
simulations match reasonably well with those obtained in real facilities for 
the deposition of dust. 

Definition of the scenarios 

CFD techniques model fluids behaviour in a precise context. In this 
sense, definition of the spatial limits where fluids will be analyzed, as well 
as boundary conditions of the process itself, need to be defined [1]. In order 
to achieve such information to feed the code, it was found necessary to 
define an EAF facility together with typical operating conditions. The 
working group decided to define an EAF facility that could be representative 
of different EAFs that were operating in Spain at the moment. After 
analyzing the characteristics of 28 EAFs located in 25 different places, a 
form EAF facility was defined [2]. This furnace would be able to produce 
120 tons of steel with 20 tons of liquid pool and is provided with an 
aspiration system composed of a canopy located above the basket and the 
4th hole. The shape and the dimensions of the facility are shown in Figure 1. 
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Figure 1. Dimensions in mm and 3D view (together with its meshing) of the EAF 
facility related to the loading process (Scenario 1) 

Initial and boundary conditions at t = 0 s, are defined as follows: 

• Space full of air, patm = 101 325 Pa, temperature 303 K. 

• Aspiration flow through the 4th hole: 100 000 Nm3/h. 

• Aspiration flow through canopy: 1 000 000 Nm3/h. 

• Contribution of fumes from liquid pool: 1200 K and 0,5 m/s. 

• Fluids: two species have been created, namely, “fumes” and “air”, both 
with the same properties. In fact, “fumes” is considered hot air introduced 
upwards into the domain through the liquid pool. 
 

Temperature profiles will be analyzed during 15 seconds under such 
conditions to determine whether radioactive sources will be able to 
withstand such conditions or not. After this time, boundary conditions will 
be changed in order to simulate the drop of the scrap into the furnace. 
Geometry of the scenario remains practically the same except for the scrap-
basket that is now considered as an empty object and, as a result, fumes 
and air can pass through it. The boundary condition related to the velocity 
of fumes incorporated from the liquid pool is now raised to 10 m/s to 
simulate the dense cloud of smoke generated together with the addition of 
scrap to the furnace, whereas the rest of boundary conditions remain the 
same as during the previous simulation. This velocity is maintained during 
15 seconds and is again reduced to 0,5 m/s during 15 additional seconds. 
The whole loading process will be analyzed to check out the efficiency of the 
fumes aspiration system. 

On the other hand, once the radioactive source has entered the 
furnace, dispersion of the radioactive material will take place [3, 4, 5]. If 
this source contains caesium it will be easily incorporated to the fumes, due 
to its physical and chemical characteristics, specially its high volatility. 
Therefore, radioactive sources made of 137Cs will be easily incorporated to 
the fumes. Experience shows that radioactivity will be later gathered 
together with the dust [6, 7, 8]. In order to assess this dispersion of 
radioactivity a new CFD modeling has been carried out. According to the 
previously defined EAF, the aspiration system, starting from the 4th hole up 
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to the cooling unit has been modeled. This second scenario is shown in Figure 
2. 

The fumes generated by the EAF during its operation are drawn in 
through the 4th hole. After passing through the first elbow of the aspiration 
pipe, external atmospheric air comes into the system through the existing 
gap between the elbow and the first straight stretch of pipe. This addition 
of air decreases the temperature of the fumes and adds enough oxygen so as 
to allow subsequent combustion of the fumes that are not completely 
oxidized. This combustion takes place after the cooled stretch of pipe and 
just before entering the post-combustion chamber, where fumes that come 
from casting and slag pipes will be mixed with the main flux. The whole mix 
of fumes comes out from the post-combustion chamber towards the cooling 
unit. The scenario that has been taken into account finishes before entering 
this unit. Boundary conditions related to this scenario are also shown in 
Figure 2: heat transfer, temperatures, flows, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 3D view of the EAF facility related to the aspiration system, starting from 
the 4th hole up to the cooling unit (Scenario 2) 

 



 5

Scenario 1: thermal and aspiration features during the loading process 

During opening and loading tasks in an EAF, fumes are released from 
the bottom of the furnace towards the plant building. These hot fumes 
should be drawn in by the fumes aspiration system located in the plant. This 
simulation of the loading process pursues a double objective: 

• getting information about the field of temperatures achieved around the 
basket so as to determine if radioactive sources will be able to maintain 
integrity, and, 

• checking the correct operation of the fumes aspiration system. 

 

In order to achieve these objectives the scenario described before has 
been made discrete and then boundary conditions described before have 
been imposed. As a result, temperature fields have been analyzed for the 
whole domain during 15 seconds of simulation. Figure 3 shows contours of 
temperature in K in the middle cross sections of the domain at the end of the 
15 seconds of simulation. The highest temperature in this figure matches the 
value of 1200 K, which corresponds to the input temperature of the fumes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Contours of temperature in K after 15 seconds of simulation in the middle 
cross sections of the domain 

After these 15 seconds of simulation, boundary conditions change as 
described before. The basket drops the scrap and fumes generation 
increases. The basket becomes an empty element, instead of an obstacle for 
fluids as it was before. This situation remains during 15 additional seconds 
and then fumes generation comes back to the situation described at the 
beginning during another 15 seconds, completing 45 seconds of transitory 
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computer simulation. This time the analysis of the process has been focused 
to determine whether the aspiration system works properly or not. In this 
sense, pathlines and mass fractions of fumes have been studied in order to 
achieve the objective. Partial results of the simulation can be viewed in 
Figures 4 and 5. Figure 4 shows pathlines for particles coming from the 
liquid pool in two different moments of the simulation coloured by mass 
fraction of fumes, while Figure 5 shows contours of mass fraction of fumes in 
the middle cross sections 15 seconds after dropping the scrap and at the end 
of the simulation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Pathlines coloured by mass fraction of fumes just before dropping the 
scrap and 15 seconds later 

 

 

 

 

 

 

 

 

 

 

 

 

t = 15 s 

t = 30 s 
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Figure 5. Contours of mass fraction of fumes in the middle cross sections 15 
seconds after dropping the scrap and at the end of the simulation 

 

Scenario 2: deposition of dust containing 137Cs on the pipes of the aspiration 
system 

When loading tasks finish melting process carries on and the 
aspiration system will absorb fumes generated in the furnace through the 4th 
hole. As explained before, under such conditions, a radioactive source made 
of 137Cs will be easily incorporated to the fumes, and will be later gathered 
together with the dust. This second simulation pursues the objective of 
getting information related to the mass and activity that is placed on each 
stretch of the facility so as to identify zones that show radiological 
contamination. In order to achieve this knowledge simulation has been 
carried out in two steps [9]: 

• definition and meshing of the geometry and subsequent resolution of the 
thermodynamic variables of the domain to meet boundary conditions, 
and, 

• throwing of dust particles through the 4th hole and tracking them along 
piping to analyze retention rates that will define radioactivity deposition 
zones, assuming superficial adherence of caesium to spherical shaped 
dust particles. 

 

 

 

In order to analyze dust retention rates, 35 interior control surfaces 
have been introduced into the domain to determine whether particles have 
been trapped or not. Figure 6 shows a detail of these surfaces together with 
the meshing of the geometry. 
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Figure 6. Meshing of Scenario 2 showing dust particles control surfaces 

 

This meshing has been solved so that temperature, pressure and the 
rest of thermodynamic variables match real characteristics of the simulated 
facility. As an example contours of velocity and a detail of velocity vectors 
are shown in Figure 7. 

 

 

 

 

 

 

 

 

 

 

Figure 7. Contours of velocity in the first stretch and detail of velocity vectors near 
the looseness where fresh air comes into the domain 

Once this geometry has been solved dust particles have been thrown 
into the domain through the 4th hole. Walls of the pipes can trap or reflect 
dust particles. Three different situations have been modeled, assuming 
different conditions of trapping/reflection for the walls and 276 000 
particles of ten different sizes, ranging from 0,1 µm to 12 µm [10], have 
been thrown for every situation. Retention of particles in the domain have 
been analyzed by counting how many particles go though each one of the 35 
interior surfaces. Figure 8 shows the results for the most restrictive 
situation, where any particle that touches any wall is automatically 
considered as trapped. 
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Figure 8. Percentage of particles that go through each control surface considering 
trapping condition for every wall 

Assuming superficial adherence of caesium to these spherical shaped 
dust particles, the three different trapping/reflection situations modeled 
have been studied in order to get information related to activity retention 
for every stretch of the facility. Table 1 summarizes these results. 

 

Table 1. Activity fractions for every stretch of the facility 

 

Conclusions 

The loading process of an EAF has been analyzed in Scenario 1 in 
order to predict the behaviour of radioactive sources that may have come 
accidentally into the steelmaking process. 

Activity fractions for every stretch %  
 

1st stretch 
 4th hole-pcc 

2nd stretch 
pcc 

3rd stretch 
pcc-elbow 

4th stretch
elbow-exit

Escape from 
the domain TOTAL 

Trapping 17,2 38,8 8,3 3,8 31,9 100,0 

Intermediate 12,7 14,2 7,0 3,8 62,3 100,0 

Reflection 0,0 18,5 0,0 0,0 81,5 100,0 
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First, temperature fields around the basket have been studied to see 
if radioactive sources may lose their integrity before entering the furnace 
itself. Simulation shows that the maximum temperature reached around the 
basket when it is located on top of the furnace is 573 K. Radioactive sources 
are contained in capsules that are made of materials that will withstand this 
temperature without loosing their integrity. Therefore, it is unlikely for a 
radioactive source to lose integrity before entering the furnace. 

Secondly, once the basket has dropped its load into the furnace the 
radioactive source will get in touch with the liquid pool and, as a result, it is 
likely that it will lose integrity. Radioactivity contained in the source may 
become dispersed into the plant. This time, the operation of the aspiration 
system has been studied. The time sequence of the mass fraction of fumes 
shows that the canopy and the 4th hole will work properly and most of the 
fumes containing radioactivity will be drawn in. Besides, the small fraction 
of fumes that may become dispersed into the plant shows a large dilution on 
clean air. In fact, the minimum mass fraction of clean air is estimated to be 
92 %. 

On the other hand, once the loading tasks have finished, radioactive 
sources made of 137Cs that have accidentally entered the EAF deserve 
special consideration. As said before, caesium is highly volatile and 
experience shows that radioactivity is dragged along sticked on dust 
particles. Scenario 2 has been used to analyze the retention of dust 
particles, and, as a consequence, of radioactivity, along the pipes of the 
aspiration system. Three different situations have been modeled, assuming 
different conditions of trapping/reflection for the walls. Results of this 
simulation show that the post-combustion chamber becomes a component of 
the facility that needs to be taken into account, as long as dust retention 
values are high in every situation. Therefore, radioactivity of a source of 
137Cs accidentally introduced in an EAF could be found in this element if the 
radioactive fusion is detected soon. 

Results obtained in the simulation match reasonably well with those 
obtained in real facilities. With regard to trapping/reflection conditions of 
the walls, results match better when more reflection properties are imposed 
to the system. However, results could be improved if new conditions 
incorporating operational facts are added to the simulation. The simulation 
that has been carried out represents a precise moment of the steelmaking 
process and dust particles have been thrown under such conditions, whereas 
data provided by steelmaking facilities refer to average annual values. 
Moreover, surfaces of the pipes have been considered free of dust 
accumulation in the CFD simulation [11], whereas real surfaces of pipes in 
steelmaking facilities show a crust of dust that will obviously affect to the 
trapping/reflection factors. In this sense, new studies are being carried out 
to improve these simulation parameters. 
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