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ABSTRACT 
 

Dismantling projects in the nuclear sector have some specific features compared to the design of new 

nuclear facilities and dismantling projects in the conventional sector. They place high demands on the 

engineers involved in general and in many cases also on the structural engineers. 

 

Apart from the general requirements regarding radiation protection, occupational safety, efficiency and 

cost effectiveness, it is important to take into account also other conditions which have a direct impact on 

technical details and the structural assessment of the dismantling project. 

 

The necessity and scope of a structural analysis vary from case to case and range from simple experience-

based evaluations to complex numerical calculations. The greater the discrepancy between the 

dismantling load case and the load case from operation and design and the more uncertain the basis for 

the evaluation, the higher are the demands on the structural engineer. 

 

In most cases, structural stability is the only performance objective during dismantling and requirements 

regarding the serviceability state do not have to be taken into consideration. 

 

In the context of the decommissioning of a nuclear facility also new systems, structures and components 

and their impact on the existing structures have to be structurally assessed. Typical examples are 

additional lifting equipment, cranes, working platforms, temporary supports, separation walls for air 

ventilation systems or complete new buildings e.g. for the interim storage of radioactive waste. 

 

In this paper, some important aspects, requirements and technical boundary conditions that need to be 

considered from a structural perspective are summarized and illustrated with examples. 

 

STRUCTURAL ASSESSMENT BASED ON AS-BUILT CONDITIONS 

 
For dismantling projects in the nuclear sector first of all an inventory of the current situation should be 

established. This may include a review of the design documentation and the as-built condition. The 

structural engineer is used to performing calculations based on design documents like drawings and 

specifications. However, the planning and assessment of the dismantling has to be based on the as-built 

condition, which may differ from the design documentation for various reasons, for example changes 

during construction, non-conformances, repairs, upgrades or extensions. Particular attention must be paid 

to this if for example an engineering evaluation of a structure with respect to additional loads due to new 

equipment, lifting devices, working platforms, etc. has to be performed based on the original design 

calculations. 

 

The more the structural stability of the structure under consideration depends on local conditions such as 

the configuration and size of the welds, the more important is the local as-built situation. 
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If no current as-built-documentation is available and if it is not possible to get the information by a plant 

walkdown (e.g. reinforcement in a concrete structure), conservative assumptions for the load bearing 

capacity of the structure have to be made based on the actual occurring loads. 

 

LIMITATIONS ON AVAILABLE EQUIPMENT AND SPACE 

 
When working in the controlled area, additional equipment from outside this area is to be minimized in 

order to prevent the spread of radioactive contamination and to avoid unnecessary release measurements. 

Whenever it is possible, already available equipment, tools and machines are to be used. In addition, the 

available room is often limited and in many cases the structures or components have to be cut in sections 

and removed piece by piece. This leads to structural systems and load cases which have not been 

considered in the design. A suitable support concept has to be developed assuring the structural stability 

for all dismantling steps.  

 

NON-STANDARDIZED ENGINEERING EVALUATIONS 

 
Usually, design codes are developed to be used for new builds and only little information, if any, is given 

for the load case “dismantling”. Methods not covered by the design code but typical for dismantling 

projects (e.g. attachment of concrete components using wire ropes and chains) can be evaluated in 

accordance with recognized methods. For example core holes for the attachment of chains for lifting a 

concrete structure may be analyzed analogue to anchors with the CC-method (Concrete Capacity 

Method). If necessary, the engineering evaluations are then substantiated by test loads on the real 

structure. 

 

A particular challenge in dismantling projects is the progress in the state of the art reflected in the design 

codes. The structures to be dismantled are designed according to the state of the art, codes and 

specifications applicable at the time of construction. However, the dismantling has to be planned 

according to currently valid standards with changed requirements. As a consequence, the structural 

assessment cannot be performed in a straightforward and standardized way according to the code, but 

needs to be based on non-standardized engineering evaluations. Therefore, a deeper understanding of the 

load transfer, the load bearing behavior of the used material and the design philosophy at the time of 

construction is of particular importance. 

The following selection of projects illustrates the various structural aspects. 

 

DISMANTLING OF THE “LAVA” STORAGE BUILDING 

 
In the course of the dismantling of the “LAVA” storage building for high level liquid waste of the 

Karlsruhe reprocessing plant (WAK), new installations (e.g. an additional portal crane, a new semi-portal 

crane and a full height partition wall as part of an air ventilation system) were necessary and these 

installations had to be structurally assessed. 

 

The investigations of the activity release into the environment after an assumed earthquake performed by 

the operator showed that there were no requirements according to KTA 2201 “Design of Nuclear Power 

Plants against Seismic Events” for the new installations. The only performance objective of the building 

with the new installations for seismic loads was the structural stability according to the conventional 

seismic code (DIN 4149). 

 

For the building, an approved numerical model shown in Figure 1 and analysis results for the global 

structural stability according to KTA standards were available from the construction phase. Therefore, it 

was decided to perform the structural assessment of the global building and the new installations on the 
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basis of the existing calculations using acceleration values from the design-basis earthquake according to 

KTA 2201.4. The results led to conservative results, but not to technical difficulties or relevant additional 

cost. 

 

The numerical beam model developed in the 1970s had the focus on the loads and stresses acting on the 

building. In order to investigate in more detail the interaction between the new additional portal crane 

with the existing crane rail and the building structure and in order to obtain acceleration values which 

could be used to design the new components via a quasi-static analysis, the numerical model had been 

extended (see Figure 2). The modeling of the soil springs and the lower parts of the building was adopted 

from the beam model. On top of this the LAVA hall and the new installation were modeled in more 

detail. 

 

A comparison of the masses of the new structures and components with already removed parts showed 

that the overall mass of the building had been reduced. However, the newly calculated natural frequencies 

and thus also the spectral values remained almost unchanged compared to the initial design calculations. 

Consequently the inertia loads were reduced and the global structural stability of the building with the 

new configuration could be shown with reference to the original calculations from the 1970s. 

 
 

   

Separation wall

Portal crane
 

Fig. 1. Beam model from 1970s  Fig. 2. Extended numerical model 

 

DISMANTLING OF THE MAIN STEAM AND FEEDWATER PIPES OF A PRESSURE WATER 

REACTOR 

 
In connection with the dismantling of the main steam and feedwater pipes of NPP Obrigheim, a 

dismantling process and sequence had to be developed using tools available in the controlled area. The 

use of heavy-duty scaffolding, special lifting devices and unnecessary release measurements had to be 

avoided. Therefore it was decided to dismantle the piping in several pieces and use temporary supports 

directly attached to the steel containment vessel. 

The task was to develop a support concept that assures the structural stability of the remaining pipe pieces 

for all dismantling steps and to structurally assess the local load distribution into the containment vessel. 

The containment vessel is a spherical shell with a diameter of 44 m. At the bottom, it is encased in the 

concrete of the reactor building foundation. The maximum load on a single anchor point is 31 kN due to 

the dead weight of the main steam pipe (d = 680 mm, t = 50 mm). The maximum total load acting on the 

steel shell is 57 kN. In order to assess the structural stability of the shell for the point loads of the anchor 

points, a 3D FE model of the containment was used as shown in Figure 3. Linear elastic stress analyses 

and non-linear buckling analyses were performed. They showed that stiffening plates attached to the 
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outside of the containment lead to a load distribution and therefore the loads from the piping could be 

carried. The design of the local anchor point is shown in Figure 4 and the execution on site is shown in 

Figure 5. 

 

Penetrations for
main steam pipes

Penetrations for
feedwater pipes

Penetration for
personnel air lock

  

„inner plate“
300 x 300 x 20, S355,
with welded on eye hanger

„stiffening plate“
400 x 350 x 20, S355,
welded with a = 8 mm

2 x 2 M16, 8.8

Load

 
Fig. 3. Numerical model of containment   Fig. 4. Design of anchor point 

 

 

 
Fig. 5. Execution on site [1] 

 

DISMANTLING OF THE STEEL AND CONCRETE STRUCTURES OF THE CONTAINMENT 

OF A BOILING WATER REACTOR 

 
In the course of the dismantling of the pressure suppression system at NPP Würgassen, different 

dismantling steps had to be structurally assessed to show the structural stability of the containment vessel 

when single pieces were cut out and removed. In addition, construction loads due to a new working level / 

platform on top of the upper torus had to be evaluated. 

 

A FE model shown in Figure 6 was built up for the analysis consisting of the complete containment 

vessel including the inner cylinder of the condensation chamber and the upper and lower part of the torus 

with the compression struts. 

 

Decisive dismantling steps were analyzed and assessed for structural stability. Figure 7 shows the upper 

part of the steel pressure shell when both installation covers and the closure on top of the containment 

vessel were removed and a steel plate was cut out at one of the installation covers. For this example the 
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resulting stress utilization factors were low with just 10 %. However a deflection of about 50 mm had to 

be expected. 

 

Besides the different dismantling steps, additional construction loads had to be taken into account. For 

instance the existing upper part of the torus shall be used as a working level / platform during dismantling 

of the upper concrete structures for debris protection. For this purpose, the compression struts of the upper 

part of the torus had to be covered by steel plates and the struts designed for compression had to be 

assessed for bending loads due to the additional loads. 

 

 

Concrete for debris protection

Upper part of torus

Inner cylinder of
condensation chamber

Compression struts

Closure of containment vesselCutout at installation cover

Cutouts of penetrations
 

Fig. 6. Numerical model of complete containment vessel  Fig. 7. Simulation of dismantling steps 

 

MONITORING SYSTEM FOR EXHAUST AIR 

 
In the context of the decommissioning of the NPP Obrigheim, some parts of the monitoring system for 

exhaust air were replaced. The task was to design and assess the pipe running through the exhaust air duct 

to the vent stack including the sampling rake, pipe supports, supporting structures and dowel connections. 

The air stream in the air duct can range from 100,000 m³/h to 175,000 m³/h with a nominal stream of 

150,000 m³/h. This results in wind speeds of 19.1 m/s or about 70 km/h. Pipes which are exposed to a 

transversal flow can be excited to vibration by periodic vortex shedding. Therefore, besides the standard 

analysis for dead weight, pressure, temperature and normal wind loads, a more detailed analysis was 

performed to investigate a potential excitation due to the Karman principle of vortex shedding and to 

evaluate this excitation with respect to fatigue. Therefore, a dynamic analysis was performed with a 

harmonic excitation of the pipe in transversal direction at the vortex-shedding frequency. The 

corresponding FE model of the piping is shown in Figure 8. 

 

Overall, the stresses were at an acceptable level also with respect to fatigue.  

After installation of the monitoring system the as-built situation was documented and re-evaluated. A 

typical picture from the as-built documentation is shown in Figure 9. 
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sampling rake

anchors

   
Fig. 8. Numerical model of piping and supports of monitoring system 

                                                                                               Fig. 9. Picture from as-built documentation [1] 

 

DISMANTLING OF A TURBO SET FOUNDATION 

 

In connection with the decommissioning of NPP Obrigheim, the turbine building is intended to be used 

for other purposes (storage area). Therefore the reinforced concrete turbo set foundation shown in Figure 

10 and other concrete parts near the foundation had to be dismantled. The main technical boundary 

conditions were that all dismantled parts had to be handled with the existing crane and traverses with a 

maximum payload of 50 t and that the parts had to fit through an installation opening with a size of 9.5 x 

5.0 m. 

 

The particular engineering challenge of the structural assessment was that the design calculations had to 

be performed for a structure built in the 1960s according to the current state of the art and according to the 

currently valid codes. Besides higher requirements regarding the minimum level of reinforcement and 

changes in the reinforcement configuration, significant differences arise in the analysis for the ultimate 

limit state, for example the analysis for bearing capacity regarding shear forces and the consideration of 

effects from theory 2nd order. In addition, the analyses were complicated by the fact that reinforcement 

bars of the foundation had a smooth instead of a ribbed surface as it would be standard today. In case of 

smooth rebars, anchorage in the concrete is realized by hooks / bends at the ends of the bars. Cutting of 

the anchoring hooks / bends, which cannot be avoided during the dismantling, has a major impact on the 

load bearing behavior of the reinforced concrete structure. For example the columns had to be cut in 2 to 

3 pieces for better handling and safe turn-over. As the columns were cut in sections, the anchoring 

elements of the reinforcement were cut as well. Therefore the capacity of the anchor points was checked 

with a test load before the column sections were lifted. Figure 11 shows the execution on site. 
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Level ±0,00 m Foundation
condensor I

Foundation
condensor II

Foundation
condensor III

Level ±0.00 m

Level +7.00 m

Base plate  
Fig. 10. Parts of turbo set foundation 

 

 
Fig. 11. Execution on site [1] 

 

CONCLUSION 

The presented examples show that structural engineers involved in dismantling projects in the nuclear 

sector need to be flexible and need to have a full overview and understanding of the structure under 

consideration. 

 

Except for routine tasks, in many cases the structural assessment cannot be performed in a straightforward 

and standardized way according to the code, but needs to be based on non-standardized engineering 

evaluations. 

 

In addition, it is often not enough to just perform the calculations. Moreover, appropriate proposals for 

additional measures like temporary supports and their practical implementation have to be developed in 

close cooperation between operator, planners, engineers and executing companies. 
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