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ABSTRACT 

Radioactive waste of the Goesgen Nuclear Power Plant is collected and stored in an 
appropriate form for external conditioning or for direct in-house conditioning procedures. Different 
waste treatment and conditioning technologies have been used since plant start up in 1979. 

The main conditioning technology used in-house is bituminization. Reactor internal components, 
contaminated filter elements of cooling circuits or radioactive sludge from the liquid waste tanks have 
been treated by dedicated equipment and methods. These methods are under water cutting and 
manipulation of core components, remote dismantling and compressing of filter elements into 
cartridges or filtration of sludge with a one-chamber filtration system. 

 

1 INTRODUCTION 

The main goal is to avoid and reduce radioactive waste or to recycle materials. The average, 
annual waste volume at Gösgen NPP decreased to 15 m³ conditioned waste (Figure 1) over the years 
[1]. 

 

 
Figure 1: Development of the total, annual volume of conditioned (dark) and not conditioned (bright) 
radioactive waste. 
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Residues from evaporation of the liquid waste or ion exchange resins are immobilized by 
bituminization. Combustible and meltable waste is collected and sorted for external conditioning by 
plasma arc melting. The sludge from the liquid waste tanks is treated in-house by a one-chamber 
filtration system, dried and externally conditioned by plasma arc melting. Small activated metal parts 
and cartridges containing compressed filter elements are immobilized with concrete. Reactor internal 
components are prepared and packed into MOSAIK® casks with Pb shielding under water. The 
volume of the produced waste packages is shown in Table 1. 

Table 1: Average annual volume of conditioned waste by waste stream 

Waste stream 
Volume 
[m³/y] 

Residues from evaporators in bitumen 6.4 

Mixed solid waste (combustible) 3.6 

Ion exchange resins in bitumen 3 

Mixed solid waste (meltable) 1 

Reactor internal components 0.3 

Sludge from rad waste tanks (after plasma arc melting) 0.3 

Cartridges with compressed filter elements in concrete 0.2 

Average annual volume 15 

Global median per NPP (WANO 1999) 35 

 

2 BITUMINIZATION 

The bituminizer system at Gösgen NPP produced approximately 900 waste packages 
containing the solids from evaporator concentrates and approximately 250 waste packages containing 
ion exchange resins up to date. The continuously working system is homogenizing and conveying 
waste and bitumen in an extruder equipped with four co-rotating horizontal screws. The bitumen 
enters into the system at 180°C, is mixed with the waste on its way through the extruder where at its 
end the bitumen-waste mixture flows at 140°C and with a residual water content of less than 1 wt% 
into a 200 l drum. The shielded cell (Figure 2) containing the filling station is equipped with a turntable 
of nine drum positions, remote manipulator arms and is accessible by a crane (Figure 3). 

 

  

Figure 2 and 3:  On the left: front view of the shielded cell with manipulator arms. On the right: crane 
  with a 200 l drum. 
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Bituminized waste package types passed disposability certification for a low level and short 
lived intermediate level repository (L/ILW) [3]. Properties of the bitumen-waste packages are shown in 
Table 2. 

Table 2: Typical parameters of produced bitumen-waste packages  

Parameter / Waste product Bitumen - Ion exchange resins 
Bitumen – Residues from 
evaporators (incl. metal) 

Content of waste [%] 40 35 to 40 

Total mass of the waste package [kg] 225 297 

Collective Dose personnel   

[person-mSv / waste package] ≤ 0.04 ≤ 0.1 

Dose rate of the waste package    

Max. [mSv/h ] 530 50 

Average  [mSv/h] 294 5.3 

 

3 PLASMA ARC MELTING 

Mixed solid waste that can be thermally treated by plasma arc melting is separated and packed 
according to the acceptance criteria of the ZWILAG Zwischenlager AG (ZWILAG). The terms of 
acceptance relate to type of material, quantities for each material type and geometrical requirements 
for the waste packages to be processed remotely in the ZWILAG plasma facility. 

The ZWILAG processes low-level radioactive waste using a high-performance plasma burner 
(Figure 4) that thermally disintegrates or melts the waste. The average volume reduction is approx. 
6:1. The end product is chemically very resistant and suitable for permanent disposal [2]. 
 

 

Figure 4: Scheme of the ZWILAG high-performance plasma burner. 
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3.1 Chamber Filtration System 

Since plant start up of the Gösgen NPP in 1979 solids have settled into the conical bottom parts 
of the waste water collection tanks (WCT) and accumulated a volume of about 3.5m³ in each tank. 
This sludge needed to be preprocessed before thermal treatment to comply with the acceptance 
criteria of ZWILAG. 

The decision to use a chamber filtration system (CFS) was driven by the results of the 
preliminary feasibility of filtration, the acceptance of the resulting filter cake for conditioning as well as 
the nearly automatic operating possibility of the CFS (Figure 5 and 6) and the smaller personal doses 
resulting from it. 

 

  

Figures 5 and 6: On the left: front view of the waste tank and filtration chamber. On the right: filling 
  station below the filtration chamber with a 200l drum connected. 

The system had produced 69 drums containing approximately 4.5 t solid waste from the WCTs 
during the period of May 2006 to July 2007. The main characteristic of the produced solid waste is 
shown in Table 3. 

Table 3: Parameter to describe the produced solid waste  

Parameter    /    WCT No. TR-11 TR-12 TR-13 TR-14 

Dry solid content [%] 51.6 64.4 59.3 79.8 

Ash content [%] 75 74.7 59.5 59.4 

Composition (Ash.)     

Ca as CaCO3 [%] 41.7 39.7 40.3 56.4 

Fe as Fe2O3 [%] 27.0 39.3 32.6 24.2 

S al SO4  [%] 9.0 9.5 7.0 6.9 

P as PO4  [%] 25.3 18.2 15.7 9.6 

Collective Dose personnel     

[person-mSv / waste package] ≤ 0.25 

Dose rate      

Max. [mSv/h ] 24 14 5.4 2.1 

Average  [mSv/h] 14.7 11 5.0 1.5 

 

4 CEMENTATION 

Cementation is used at Gösgen NPP to “solidify” small reactor internal components and 
cartridges from super compaction of filter elements. The cementation takes place in the filling station 
of the bituminization system. The 200 l drums are equipped with an inlet basket made of steel. The 
waste is packed into the basket and concrete is added to fill up the empty space (Figure 7). The 
packing of the inlet baskets may be executed by remote handling equipment and under water in case 
of reactor internal components. 
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Figure 7: View into the filling station during cementation 

 
4.1 Compaction of Filter Elements 

Approximately 1800 filter elements used in the cleaning systems of the NPP during the first 25 
years of operation had been collected and stored in 152 of our 200 l drums. Due to the measured dose 
rates up to 1000 mSv/h only remote handling techniques were suitable for conditioning. 

The filter elements have been dismantled and the materials have been put into the cartridges by 
two independently controlled manipulator arms (Figures 8 and 9). 

 

  

Figures 8 and 9: On the left: putting the filter into the cartridge. On the right: control center with the 
    two operators of the French company ANSA. 

The cartridge is then put in place on the 300kN press for cartridges (Figure 10), manufactured 
by the mechanical department of Gösgen NPP, and compacted [4]. The compacted cartridge (Figure 
11) has been packed in to a 200 l drum. 
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Figures 10 and 11: On the left: cartridge before compression. On the right: compressed cartridge 

 
The content of the originally 152 drums has been conditioned into 16 cemented 200 l drums. 

Parameters for cemented waste packages are shown in Table 4. 
 

Table 4: Typical parameter of produced cemented waste packages  

Parameter / Waste product 
Reactor 
internal 

components 

Filter 
Elements 

Filter Bags 
Coagulation 

Filter 

Content of waste [%] 28 44 52 5 

Average mass of the waste package [kg] 528 458 351 312 

Collective Dose personnel     

[person-mSv / waste package] ≤ 0.85 ≤ 0.4 

Dose rate of the waste package 
(surface) 

    

Max. [mSv/h ] 549 510 386 32 

Average [mSv/h] 148 135 87 5  

 

5 UNDER WATER HYDRAULIC CUTTING 

Reactor internal components that had accumulated in the spent fuel pool were conditioned 
between 2003 and 2008 in ten 200L drums (Chapter 4) and five MOSAIK® casks (CASK). The 
packaging concept [5] of the CASK was based on measurements of dose rates on selected 
components under water. The results of those measurements showed up to 2 kSv/h at Co-60 
containing neutron flux detectors, 0.4 kSv/h at the tip of the control rods and 10 mSv/h at the head end 
of the control elements. 

Segmented inset baskets (Figure 12) were used to allow for the dedicated packing of defined 
components to minimize dose rates at the outside of the CASK. The neutron sources, neutron 
detectors, dummy rods and the tips of the control rods were put into the inner tubes. Absorber rods 
and control rods were placed in the outer segments. 
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Figure 12: Packed inset basket with inner tubes and outer segments 

 
Areva NP GmbH constructed and operated the equipment that was specially manufactured to fit 

into the loading pool of Goesgen NPP. The equipment (Figure 13) was situated 4m below the water 
surface. 

 

 

Figure 13: Equipment for dismantling reactor internals in the loading pool of Goesgen NPP. 

Rods of the control elements were cut first with a small shear above the tilting box (Figure 13 
No. 7) and fell into the box. By tilting the box from vertical into horizontal position it could be positioned 
on the working platform (1). Rods were then loaded into the manually operated feeding mechanism (2) 
and pushed through the cutting module (3) into the receiving tube (5) that was limiting the cutting 
length. The cover with gas collector (4) was closed during the cutting process. The receiving tube was 
unloaded periodically into the inset baskets (6) which were stored on the platform (8) of the loading 
pool. The inset baskets were put under water into the CASKS and finally dried and closed outside the 
pool. 
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Table 5: Typical parameter of reactor internals in MOSAIK® casks 

Parameter / Waste product 
Reactor internal 

components 

Mass of the waste in the CASK [kg] 298 to 538 

Average mass of the waste package [kg] 9430 to 9680 

Collective Dose personnel  

[person-mSv / waste package] ≤ 0.85 

Dose rate of the waste package (surface)  

Max. [mSv/h ] 0.55 

Average [mSv/h] 0.15 

 

6 CONCLUSIONS 

Despite the availability of various methods and equipment for treatment and conditioning of 
radioactive waste our main goal is to avoid that materials become radioactive waste. For those cases 
where this is not possible the evaluation process to find the best suitable techniques is influenced by 
regulations, physical and chemical properties of the materials which have to be treated and financial 
aspects. Already existing facilities, in-house know how, accessability and availability working space on 
site defines at the end what techniques are used in a particular NPP. 
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