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Climate change and its consequences are obvious 
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Introduction

A climate-neutral energy production is more 
important than ever and nuclear energy can help to 
generate energy in a climate-neutral way

The nuclear fuel cycle involves safety risks that need 
to be minimized
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Introduction
IAEA’s Specific safety guide SSG-15 provides guidance 
and recommendations on the design, safe operation and 
assessment of safety for wet and dry spent fuel storage 
facilities:

- Preferably passive, inherently safe systems (§6.3) 

- The concept of defense in depth should be applied 
(§6.14)

- A multi-barrier approach should be adopted (§6.4b)
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Introduction

- The facilities should maintain their structural integrity 
in all operational states and accident conditions 
(§6.15)

- Subcriticality, heat removal, containment of 
radioactive material, radiation protection and 
retrievability of the fuel should be fulfilled

- Structural and mechanical loads such as earthquakes  
are  to  consider  properly  (§6.25-§6.46)
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Introduction

The situation in several countries is characterized by an 
uncertainty, how to specify and qualify spent fuel storage 
facilities:

Which type of storage facility is the most appropriate –
wet or dry?

What is the expected service lifetime of the storage facility?

When will a final repository be operational?

How to bridge the period until a final repository is available?
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Design Procedures

A basic requirement for interim storage facilities is the
robustness of the building structure against the load cases
earthquake (DBE) and airplane crash (APC)

The applied procedures during the design phase are similar 
for both DBE and APC:

A. Consideration of soil-structure-interaction (for soils differing 
from rock conditions)

B. Linear dynamic analyses

C. Evaluation of design floor response spectra
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Common Design Procedures DBE and APC

Figure 1: Evaluation of design floor response spectra (calculation by Max Aicher Engineering)
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Design Procedures for the Load Case DBE

The design of the building structure…
…is performed on the basis of response spectrum 
method calculations for consideration of the DBE

…taking into account soil-structure-interaction and load 
case combinations with forces due to permanent and 
variable static loads 

…has to be verified regarding uplift criteria in case of 
dynamic excitation
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Design Procedures for the Load Case APC

Figure 2: Impact of a fighter plane on a concrete wall, © Sandia National Laboratories
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Design Procedures for the Load Case APC

More and more regulatory commissions require a 
verification that the nuclear facilities, designed on the 
basis of DBE, are capable to  resist aircraft impact

Although the load function for a military aircraft is 
standardized and publicly available, there is no 
standardized load function for large passenger airplanes
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Design Procedures for the Load Case APC

The definition of the load function for large passenger 
airplanes is subject to an agreement between operator 
and regulatory commission 

For different nuclear facilities, huge differences of the 
prescribed APC load functions are present, depending on 
the selected aircraft parameters and primary on the 
adopted impact velocity, as shown in fig. 3
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Design Procedures for the Load Case APC

Figure 3: Influence of the impact velocity of a large passenger airplane on induced force, 
Calculation of Max Aicher Engineering for an Airbus A380
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Design Procedures for the Load Case APC

Figure 4: Maximum impact scenarios in case of an airplane crash –
military aircraft and large passenger aircraft

10°

.

.



2018-10-25 Martin SALLMANN 16

Design Procedures for the Load Case APC

The verification of APC resistance consists  of following 
steps:

• Nonlinear calculations for design check of bending 
capacity at most unfavorable impact locations

• Design check of shear resistance

• Design check of resistance against penetration, 
scabbing and perforation
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Contemporary Storage Facilities -
Proven Safety for 40 – 60 years

Dry storage casks like CASTOR © offer a high level of safety
against an airplane crash

Therefore a storage building might not be necessarily safe
against an airplane crash, but… 

…the aircraft fuel needs to be drained to avoid an 
overheating of the casks

…for the recovery of the casks, the operation of the
overhead crane in the building has to be secured



2018-10-25 Martin SALLMANN 18

Figure 5: Dry intermediate storage facility, 
designed for long-term operation,

©GNS/WTI and Max Aicher Engineering

Examples for High-End Long-Term Storage Facilities for
Dry Storage

Safety for > 100 years
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Examples for High-End Long-Term Storage Facilities for
Wet Storage

Figure 6:
Wet storage facility, 

designed for long-term 
operation

©Kernkraftwerk Gösgen-Däniken AG
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Examples for High-End Long-Term Storage Facilities for
Wet Storage

Figure 7:
Wet storage facility, 

designed for long-term 
operation

©Kernkraftwerk Gösgen-Däniken AG
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Examples for High-End Long-Term Storage Facilities for
Wet Storage

Source: Google Earth

Figure 8:
Aerial view 

NPP Gösgen, 
Switzerland
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Examples for High-End Long-Term Storage Facilities for
Wet Storage

Figure 9:
Wet storage facility, 

designed for long-term 
operation

©Kernkraftwerk Gösgen-Däniken AG
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Conclusions

The application of modern calculation
methods results in sufficient resistance against
eartquakes and aircraft impact

Depending on the availability of final 
repositories, the lifespan of interim storage
facilities will increase in the future
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Conclusions
The design of the building structure has to take into
account the longer service period to ensure radiation
protection

Max Aicher Engineering offers adequate and
affordable solutions, 

- Designed with Building Information Modeling (BIM), 

- Failsafe and Reliable
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Any reproduction, alteration or transmission of this document or its content to any third
Party or its publication, in whole or in part, are specifically prohibited, unless Max
Aicher Engineering GmbH has provided its prior written consent.

This document and any information it contains shall not be used for any purposes other
than the one for which they were provided.

Legal action may be taken against any infringement(s) and/or any person(s) breaching
the aforementioned obligations.

Disclaimer



감사합니다!

Thank You for Your Attention
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Dr. Joerg Moersch, j.moersch@max-aicher.de
Teisenbergstr. 7, D-83395 Freilassing, GERMANY
Phone: +49 8654 491-163
Cell/Mobile: +49 175 5760353

We would love to answer your questions.
Please contact us:

Mr. Anton Scholz / 안톤숄츠, a.scholz@max-aicher.co.kr
3F, 130, Jebong-ro, Dong Gu, Gwangju City, South Korea
Phone: +82-(0)62-232-7307 
Fax: +82-(0)62-443-7305 
Cell/Mobile: +82-(0)10-6601 7305

mailto:j.moersch@max-aicher.de
mailto:a.scholz@max-aicher.co.kr
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