
 

www.ceramics-for-nuclear.info

FINAL DISPOSAL of
HIGHLY RADIOACTIVE
WASTE

Contribution to public debate

Jürgen Knorr
Albert Kerber

Dresden/Jena Juli 2016

P R E P R I N T
(soon available as download in German and English
           of www.ceramics-for-nuclear.info )



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Preface 
 
After a two-year investigation, the German repository commission submitted its final  
report1)  at the end of June 2016. 
 
The report proposes procedures for selecting a deposit site and constructing a final 
repository for highly radioactive waste. 
 
The report suggests involving the public at an early stage, and throughout, a trans-
parent decision making process. This requires that the public has access to the in-
formation necessary to participate actively and constructively in this dialogue. 
 
Unfortunately, the report is almost unintelligible to the lay reader. While many defini-
tions and facts are provided, these are so poorly presented as to impede, rather than 
enhance, the interested layman`s understanding. 
 
Insufficiently explained terms, a reliance on background information that is essential 
but not generally available, and confusing repetion impede access to the really es-
sential questions. Misunderstandings, frustration and opposition may thus be created 
among the public, who must contribute to an effective and sustainable solution of this 
enormous problem. 
 
For many years, the authors, as scientists and ingineers, have attempted to partici-
pate in the discussion about the final disposal of highly radioactive waste (HLW). 
They have presented their concept for safe and long-term stable isolation of HLW 
from the biosphere in www.ceramics-for-nuclear.info. 
 
We wish now to speak up as citizens. With simple illustrations, we want to explain the 
complicated facts to interested citizens. This paper is by no means comprehensive. 
 
As we are always interested in an objective discussion, we are pleased to receive 
your feedback and arguments.  
 
Dresden and Jena in July 2016 
 
 
Jürgen Knorr           Albert Kerber 
 
 
 
 
Contact via www.ceramics-for-nuclear.info 
 
 
 
1) German repository commission, final report K-Drs.268, June 2016  
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What is highly radioactive waste? How is it generated? 
 
One classifies as highly radioactive waste (hereafter abbreviated HLW  High Level 
Waste)  

- spent fuel elements (SF) of nuclear rectors, mainly from power rectors of nu-
clear power plants 

- vitrified waste from reprocessing of spent fuel elements from which the nuclear 
fuels uranium and plutonium have been extracted. 

 
 

 
 
What is the hazard potential of HLW SF? 
 

- Radioactive: Nuclei of atoms decay spontaneously emitting radiation which is 
harmful to health and lethal at high doses 

 
- Chemically toxic: Some constituents of HLW SF (especially heavy metals 

such as Pu) are highly toxic. Ingesting only 20 mg Pu leads to death in 50 % of 
cases.  

 
- Criticality: Also with spent fuel elements (HLW SF) arrangements for a self 

sustaining chain reaction (criticality) may happen. This can be prevented by 
incorporation of neutron absorbers (which maintain sub-criticality). Material 
composition and geometrical arrangement of these neutron absorbers must 
permanently guarantee sub-criticality. 
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- Nuclear explosives: Also the so-called reactor plutonium which is located in 
the uranium-SF and commonly considered as non-suitable for weapons can 
be used for nuclear explosives. 

 
- Heat generation: The radiation emitted during nuclear decay (see radioactiv-

ity) transports energy. The absorption of this radiation in HLW itself and in its 
vicinity leads to heat generation and a rise in temperature. 

 
 
- Extremely high concentrations: The dose makes the poison! 

Materials in nature can be radioactive or chemically toxic. Usually, their con-
centrations are so low that health damage does not occur. 
The manufacture of nuclear fuel elements, and their use in a reactor, creates 
locally extremely high concentrations of HLW, which have an extreme hazard 
potential of surface and drinking water contamination upon their release into  
the biosphere. 

 
Very often, only the risks of exposure to radiation are considered, and it is argued 
that the level of radioactivity falls of over time. 
 
It is rarely mentioned that HLW contains chemically toxic materials as well, whose 
toxicity is not reduced, but remains permanently. 
 
 
 
A final repository for HLW is at the same time a long-living toxic waste dump.  
 
Furthermore, it should be considered: 
From HLW SF the basic material for nuclear explosives can be separated. 
 
 
What are the implications for the handling of HLW for the time from its unloading from 
the reactor untill its transfer to the final position in the repository and the following 
deposition period of 1 million years?  
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Damage by release into the biosphere and dispersal of HLW or its misuse: 

- long-term uninhabitability of (larger) areas by contamination of soil and water 
by radioactive and toxic substances in intolerable concentrations 

- immediate dead  
- permanent health damage 
- loss of material values. 

 
Mankind passes over the loss of human lives (immediate dead) relatively quickly.  
But a large area contamination is considered as a real threat (Tschernobyl, Fuku-
shima).  
 
The explosion of a nuclear bomb made of enriched uranium will lead to many imme-
diate dead, lasting health damage and huge material losses, but not to large area 
contaminations followed by a long-term uninhabitability of the afflected region (Hi-
roshima). Nuclear explosions on the basis of plutonium disperse additionally toxic 
material and cause long-term contamination. 
 
With a dirty bomb (chemical explosive plus HLW for areal contamination) long-lasting 
damages by soil and water contamination can be obtained. In order to do this, the 
builder of dirty bombs must divert HLW from the nuclear fuel cycle. 
 
But one must not necessarily build dirty bombs. The same effect can be achieved, if 
the safety barriers of HLW are destroyed during some phase of the nuclear fuel cy-
cle, e. g. by chemical explosives (terrorist attack) or natural disasters (Fukushima) 
and consequently release and dispersal of HLW occurs. 
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Conclusion: 
 
HLW must be isolated from the biosphere from its generation essentially for-
ever. 
 
The limitation considers the fact that the risk exposure of some characteristics of 
HLW is reduced with time. Instead of “forever” it has generally been agreed that a 
time period of 1 million years is adequate. 
 
This requirement can be formulated for administrative and technical realization as 
follows: 
 
 
Zero release into the biosphere for ever! (ideal case) 
 
Or more realistic 
ZERO RELEASE into the biosphere  for AS LONG AS POSSIBLE! 
 
 
 
 
Can that be managed at all? 
 
The authors are convinced that: 
YES, this requirement can be fulfilled 
by 

- tailor-made barrier systems fore each phase of the fuel cycle 
- avoidance (reduction, correction) of human decisions with disastrous conse-

quences 
- prevention (reduction of consequences) of human misbehaviour 

 
 
 

 
 
  
 
           Human wrong decisions 
           and 
           human misbehaviour  
           have a variety of causes: 
 
           -   errors (due to lack of knowledge) 
 
           -   negligence (due to insufficient sense of responsibility) 
 
           -   intent (intended misuse). 
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The requirement 
Zero Release into the biosphere as long as possible 
can be fulfilled by a 
graded system of protective barriers (multi barrier system) 
 
 
 
Fundamentals for the layout of the multi barrier system: 
 

- Redundancy: 
Multiple layout of long-term stable barriers with the function “safe and long-
term inclusion of the HLW” (double- and three-fold lasts longer!) 
The innermost barrier B1 should stay intact in any case! If this cannot be 
guaranteed, than the barrier B2 must stay tight long-term! 
 

- Diversity: 
Different acting principles, here: e. g. combination of geological barriers (host 
rock B3) together with technical barriers (final deposition package B1 + Z1 + 
B2 + Z2) 
 

- Common-mode-failure: 
Control of deficiencies from common source, e. g. 

-- ingress of water into the deposit site 
-- terrorist attack on intermediate storage site etc. 
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- Fail-safe-principle: 
Self-acting transition into a safe state, e. g. 
Self-acting closure of cracks and rifts in the enclosure relevant host rock  
(ewG B3) by plastic flow (possible in salt, eventually in clay, but not in granite) 

 
 
Characterization of a multi barrier system for HLW 
In order to facilitate  public dialog without losing the thread and preventing misunder-
standings, we propose the following simple description of the multi barrier system: 
 

- Barriers: 
The barriers are numbered serially from inside to out: B1, B2, B3, …, Bx 
whereby B1 represent the cladding tube of the fuel rod. 
Each barrier is characterized by 
-- material properties (salt, clay, granite, steel, copper, ceramics, …) 
-- geometric parameters (depth, dimensions such as wall thickness, …) 
-- state variables (temperature, corrosion, …) 
The parameter indications correspond to the barrier number: e. g. T3 repre-
sents the temperature of barrier no. 3. 

- Zones: 
In between the barriers zones are located which are as well numbered serially 
from inside to out: Z1, Z2, Z3, …, Zx whereby Z1 is located between B1 and 
B2. 
As in the case of the barriers, each zone is characterized by material proper-
ties, geometric parameters, state variables, … 
 
The parameter indications of a zone are generated from the respective num-
ber of the zone, e. g. TZ2 represents the temperature in zone Z2 between the 
barriers B2 and B3. 

 
 
 
FEP’s 
 
FEP is a collective term representing Features, Events and Processes. 
 
Each barrier and each zone are submitted to 
 FEP’s from the inside (INSIDE FEP’s), abbreviation IF 
 FEP’s from the outside (OUTSIDE FEP’s), abbreviation OF 
 
The retention function (tightness) of barriers and zones are affected by FEP’s. 
 
 
For example: OF B1 represent the outside FEP’s on the barrier B1, the cladding tube 

of the fuel rods and 
IF B2 the inside FEP’s on the barrier B2 which is the transport con-
tainer. 
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HLW history 
The vita of each single fuel element can be subdivided into characteristic phases. 
 
Stationary phases P 
(Long-term sections, duration: years to million years 
e. g. use in the reactor, intermediate storage, final deposition) 
alternating with 
 
Transition phases TP 
(short-term sections, duration: Days, months, year 
e. g. transports, retrieval, recovery from final deposit) 
 
According to their chronological progression the single sections are numbered seri-
ally, starting with phase P1, the generation of HLW SF during the use of the fuel ele-
ments in the nuclear reactor. 
 
TP2 represents the packing into transport containers (e. g. CASTOR2)) and their 
transfer to an intermediate storage (mostly onsite at the nuclear power plant). 
 
Thus, the characteristics of barriers, zones and FEP’s can be chronologically allo-
cated, at least roughly.  

- T2(P3) e. g. is the temperature T of the barrier B2 (wall of CASTOR) in the in-
termediate storage P3 

- OF B2(TP2) the outside FEP on barrier B2 during the transport TP2 to inter-
mediate storage, for example a terroristic attack on the integrity of the trans-
port canister. 
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Each section in the history of HLW is accompanied by special dangers for the 
integrity of the barriers. 
 
For each section a tailor-made multi barrier system must be guaranteed. 
 
Changing conditions for a potential release of HLW into the biosphere lead to  
changing priorities of the barrier functions. 
 
 
 
For this reason we consider it as necessary that 
- for each phase Px and  
- each transition phase TPy 
so-called FEP catalogues have to be established and used as tools to scrutinize 
the efficiency of barriers. 
 
 
On the basis of such FEP catalogues special multi barrier systems have to be devel-
oped and designed (respectively check existing systems and improve them where 
necessary). 
 
The priority of the protection targets for the single characteristics of HLW risk expo-
sure may change from phase to phase and transition phase. 
 
Thus, the mechanical robustness (free fall, clash) and the radiation protection (en-
dangering of transport personnel) are important for a transport container, whereas 
corrosive attack doesn’t play any role in this case. 
 
But it is wrong to assume that a good transport container is automatically a good con-
tainer for intermediate or even final storage. In the final disposal situation the host 
rock takes over the radiation protection (not to be mixed-up with the HLW material 
transport by convective and diffusive processes!). In a backfilled final position the 
container cannot freely fall. Even a terrorist attack with the goal of HLW diversion can 
be practically excluded during phase P5. Now the lifetime of the container and its 
corrosion resistance are of extraordinary importance.  
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What are the consequences of a failure of the inner barriers? 
 
For the discussion of this case study the following assumptions were made: 

- HLW SF fuel elements of water moderated reactor (PWR, BWR) after use of  
3 to 4 years in the reactor, usual burn-up (ca. 35 Wd/t Gigawatt-days per ton 
fuel), un-dismantled 

- B1: Metallic cladding tubes made of Zircalloy 
- Z1: Void volume with steel structure for positioning SF and air with residual 

moisture 
- B2: transport canister (e. g. CASTOR) 

 
Today`s high-quality cladding tubes (B1) can survive phases P1 (under accident-free 
regular operation of the reactor), TP1 and P2 practically undamaged. 
 
Intermediate storage during P3 in transport containers is rather a temporary solution, 
but acceptable for a limited time period. 
 
The approval period for CASTOR containers currently is 40 years. Such an approval 
may certainly be prolonged formally till the infrastructure for packing and final deposit 
is available. This may take possibly 100 years. 
 
 
What happens inside the container during this period? 
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Durability of inner barriers under loads (IF B1(P3), OF B1(P3), and IF B2(P3)) 
 
Consequences of failure of inner barriers 
 
The behaviour of the cladding tube (barrier B1, wall thickness ca. 0.8 mm) under IN-
SIDE- and OUTSIDE-FEP’s is unknown for longer time periods (some decades). 
The US Department of Energy (DOE) assumes a life time of 60 years. German ex-
perts have asserted to us that the inside of a CASTOR container looks like new even 
after 100 years. This statement contrasts grossly with the unwillingness when the 
wish is expressed to open the container in order to 

- reload the fuel elements into final deposition containers or 
- dismantling the fuel rods to single fuel tubes which is the prerequisite for con-

tainer model BSK3. 
 
Realistically, one has to assume that at the end of intermediate storage time at least 
parts of the cladding tubes are leaking and even some of them have lost their geo-
metric integrity, i.e. material dislocations in zone Z1 have taken place already.  
Thereby, the inside of the container is contaminated. This is not detrimental to the 
container itself. IF B2(P3) does not influence the tick-walled container structure, but 
the behaviour of the metal seals is not completely clarified (tightness of B2?). During 
opening volatile radioactive particles (aerosols) must be expected. 
 
But for the further development serious consequences are arising. 
 
 
If the reloading into final disposal canisters is delayed long enough that a bar-
rier loss of B2 becomes probable and one is afraid to open the transport canis-
ter at all, then it is functionalized inevitably to the final disposal canister! 
 
 
This again, has consequences for the whole searching procedure for a final deposit! 
 
 
The use of CASTOR containers in their present design as final waste canisters  
- must be excluded a priori for the host rock granite and 
- is questionable for the host rock clay. 
 
The alternatives for host rocks are reduced drastically. 
The only remaining option is salt without access of water. 
 
Additionally, 
the option “final deposition in deep boreholes” of CASTOR containers is not feasible. 
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Remarks concerning the Scandinavian concept of final disposal 
 
The Scandinavian concept of final disposal is considered worldwide as the most 
advanced one and is realized at one site in Sweden and Finland each. 
Countries without own solution consider this Scandinavian concept as an exemplary 
reference solution. 
 
Description: 

- HLW SF fuel elements of water moderated reactor (PWR, BWR), usual burn-
down and un-dismantled 

- B1: Metallic cladding tubes made of Zircalloy 
- Z1: Void volume with steel structure for positioning SF, air with residual mois-

ture 
- B2: copper container with 50-60 mm wall thickness 
- Z2: Bentonite 
- B3. Granite as host rock 

 
Potential scenario and consequences 
Since the whole process of final deposition in Scandinavia proceeds relatively fast, it 
can be presumed that all cladding tubes are intact at the beginning of transfer to the 
deposit (phase P5). But after 100 years defects of the cladding tubes must be ex-
pected and a release from the fuel tubes occurs. In zone Z1 with air, transport proc-
esses take place so that many elements as part of HLW, such as chlorine amongst 
others, reach the inner container wall and initiate chemical processes together with 
the residual moisture (IF B2(P5)). 
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Considering all possible reactions, the calculated life time of 100,000 years for the 
container is doubted also by Swedish experts. 
 
The host rock granite (barrier B3) is permeable to water from the very beginning. A 
second geological barrier is missing. 
Bentonite in zone Z2 shall prevent the migration of HLW into the host rock on the one 
hand and the access of water to the outside container wall on the other hand thus 
preventing corrosion. Z2 has a high ranking in the barrier system. Micro biological 
processes can impair considerably the properties of bentonite. 
 
Conclusion: 
 
 
Even under the assumption that the life span of the container reaches 100,000 years 
under the influence of all INSIDE- and OUTSIDE-FEP’s, 
- the time period of enclosure for 1 million years is not reached by far and 
- the concept as multi barrier concept is in deed questionable (redundancy, diversity 
  and fail-safe?) 
 
Even not considering the absurd consummation of copper, the Scandinavian concept 
without additional improvement/reinforcement of the disposal canister can not be a 
reference solution for Germany respectively other countries. 
 
 
We had intensive discussions with the Swedish developers and decision makers. Our 
proposals for an improvement of the Scandinavian concept were refused as ground-
less and not of interest. 
 
Example for clarification of risk exposure upon loss of retention function of the 
system:  
We had explained that 1,000 kg HLW SF contain ca. 8.5 kg of plutonium at a burn-up 
of ca. 35 GWd/t. 

- 100,000 years correspond to 4 radioactive half-lives. 
- After this time, still 1/16 of the initial mass of 8.5 kg are existing; 0.5 kg pluto-

nium in 1.000 kg HLW. 
0.5 kg plutonium is the lethal dose (LD) for 12,500 people under the assumption that 
LD50 = 20 mg Pu per person.  
 
But 1,000 kg HLW SF represent only a minor fraction of the total inventory worldwide. 
In order not to develop horror scenarios we omit further projections. 
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RELOADING AS LONG IT’S FEASIBLE!  
 
In the year 2025 approximately, all spent fuel elements in Germany will be packed in 
Castor containers. After that they are stored in intermediate storages and wait. How  
long will this be effective? 20, 50 or 100 years or even longer? At least as long as the 
Federal Government has approved the start of the transfer to the final repository. 
 
In the meantime, the cladding tubes may, at least partially, loose their integrity. Today 
nobody can state on the base of fundamental research how long the life time of clad-
ding tubes will be.  
 
The consequences of the (partial) failure of the cladding tubes (B1) have been dis-
cussed already: 
- By failure of the cladding tubes the inside of the container is contaminated. Thus, 

the containers themselves (Castor) become highly radioactive waste and must be 
carefully disposed of! 

- But how can highly radioactive Castor containers with content be disposed of? 
  -- How looks a final deposition packing for a Castor? 
  -- Which measures have to be undertaken to avoid criticality?  
- Which host rocks are suitable for radioactively contaminated Castor containers? 
  Only salt deposits without water access would be an option! 
  Granite and clay would thus be totally excluded. 
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Conclusion: 
 
 
If one waits long enough, i.e. too long 
- erroneously, because one does not know what happens inside the Castor, 
- negligently, because one negates existing doubts against the best of one’s knowl-

edge 
- deliberately, because one doesn’t seek an alternative solution 
 
The one who struggles not to find a better solution, will finally (have to) dispose the 
high radioactive waste in the original transport containers Castor in salt formation! 
 
 
Or: 
 
 
Efficient reloading into a ceramic barrier! 
 
 
Ceramic initial barrier: B2 + Z1 made of ceramics 
The spent fuel elements HLW SF are 

- unloaded from CASTOR containers 
- placed into ceramic containers (B2: SSiC, e.g. SIAMANT@ and 
- positioned by a ceramic potting compound and thus additionally encapsulated 

(Z1: SiC e.g. RISIC@) 
- B2: SSiC container with SSiC lid, hermetically sealed by native bonding 
- An easy handling container (denominated here as TB = Transportbehälter, but 

without barrier function) is placed around the ceramic initial barrier (Z1 + B2) 
- The loaded TB is stored intermediately in an appropriate manner (e.g. in a 

contamination-free CASTOR again) until the ceramic initial barrier is finally 
transferred to the deposit. 

 
 
The ceramic initial barrier is suitable for all host rocks!  
 
HLW in the ceramic initial barrier can be stored intermediately for a long time (one 
can take its time for a proper search and erection of the final deposit!) 
 
Without opening the contaminated sections the ceramic initial barrier can be placed 
into the specific final deposition package for salt, clay or granite. 
 
Besides a suitable host rock, 
the ceramic initial barrier is the decisive retention barrier 
to guarantee the long-term retention capability of a geological deposit site. 
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Barriers and pseudo-barriers 
 
One classifies as geotechnical barriers  
     -  the material zone Z2 

- backfill, closure and sealing of tunnel and shaft. 
 
When you sum up all existing barriers of the multi barrier system of a final depository, 
namely 

- technical barrier (final deposition package/container) 
- geotechnical barriers (Z2, backfill, closure, sealing) 
- geological barriers (1st and 2nd geological barrier) 

then you may reach a considerable number of barriers suggesting a sufficient safety 
marge. 
 
But beware of (self-) deceptions! 
 
A barrier must surround the high radioactive completely. 
In this sense the material Zone Z2 may represent an important barrier with retention 
capability at the right material selection and design. Bentonite is favoured as material.  
 
Backfill, closure and sealing of tunnels and shafts do not represent autonomous bar-
riers for the final deposition package!  
They are only repair measures of the host rock resp. of the overlaying rock. 
They are pseudo barriers. 
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Reversibility – Correction of (Wrong) Decisions 
Decades may pass by from the start of site search till transfer of the first waste pack-
ages to the final deposit. There must be the chance to correct decisions on the basis 
of new findings in science and technology. A precedent case exists already with the 
final deposit for medium and low radioactive waste named ASSE II. 
 
For stored packages reversibility means concretely: 

- retrievability: during the operating phase of the site as long as it has not been 
sealed; maximally ca. 100 years 

- feasibility of recovery: only emergency case; maximally 500 years after operat-
ing phase 

 
For retrieval resp. recovery from a geological deposit (mine) the final deposition 
packages should fulfil several preconditions – extremely even after 500 years: 

- intact, tight because corrosion resistant 
- manageable 

-- sufficiently stable for transportation from underground to above ground 
-- not too large, because chutes and ducts have to be reopened 
-- not too heavy, because the handling technology is not available any more 

and one has to improvise 
- limitation of contamination by liberation during recovery and transport under-

ground (limitation of activity per package, embedding of HLW into a ceramic 
potting compound) 

- Avoiding accidents of criticality during recovery and transport: prevention of 
fuel displacement within the package by fixation through potting compound 
which additionally contains neutron absorbers. 

- Identifiable labelling by laser engraving in SSiC (durable for ever) 
- Guarantee of radiation protection (embedding during transport in a suitable 

transport container) 
 

 
 
CASTOR  
 
ca. 2 m outer diameter 
ca. 5.5 m high 
mass ca.160 tons with 
with 12/19 HLW SF 
 
 
 
 
 
 
 
Ceramic initial barrier 
 
ca. 0.5 m outer diameter 
ca. 5.0 m high 
mass ca. 2 tons with 1 HLW SF  
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Favored multi barrier system 
 
The authors favour the following multi barrier system with ceramic initial barrier: 

- HLW SF fuel elements of water moderated reactor (PWR, BWR)  
- B1: metal cladding tube of Zry 

It is assumed that the cladding tubes are still intact and therefore a reloading 
without considerable contamination is feasible; either as 
-- complete fuel element  or as 
-- single fuel rods (from so-called dismantled fuel elements) 

- Z1: ceramic potting compound for geometric fixation, guarantee of sub-
criticality, improvement of mechanical stability and thermal conduction, micro-
porous retention spaces for nuclides passing B1 

- B2: ceramic container made of SSIC, preferably of SIAMANT@  
Loading with 1 SF undismantled, or ca. 900 fuel rods comparable to BSK3, 
and thus: 
-- limitation of activity inventory per initial barrier 
-- limitation of outer diameter of initial barrier  
   (option for deposition in deep boreholes) 
-- limitation of the mass of the package (realistic chance for recovery)   

- TB: light container for handling and transport during transfer and re-
trieval/recovery, preferably made of ceramic fibres 

- Z2: material to reduce shear forces and to avoid access of water or leaches; 
e.g. bentonite 

- B3: 1st geological barrier, salt without water access, minimal volume of 
leaches 

- Z3: overlaying rock 
- B4: 2nd geological barrier, impermeable to water, e.g. clay  
     (geological diversity) 
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It will turn out whether such a site can be find in Germany at all. 
 
The proposal of a favoured variant does not mean that sites with different kinds of 
host rock are excluded a priori.  
 
Furthermore, it must be questioned which barrier might be cut out eventually for a 
specific depository concept under consideration of all INSIDE- and OUTSIDE-FEP’s. 
 
 
In any case, it should be guaranteed that a real multi barrier system lasts as 
long as possible and not only as long as required for retrieval or recovery. 
 
 
In Germany the long-term safety of the final deposit was only attributed to the reten-
tion capability of the host rock. It has been obvious for some time  that the metal can-
isters are not able to fulfil the requirements of enclosure for 1 million years. Thus the 
alternatives for host rocks were reduced to salt solely. 
 
 
New materials – especially ceramics – and new technologies for their processing 
open completely new perspectives. 
 
Tailor-made concepts under the use of a ceramic initial barrier can fulfil the safety 
requirements for a final disposal in the host rocks clay and granite (crystalline) too. 
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Release from liability – a chance for effective and sustainable final deposition? 
 
It seems to be done: 
The Federal Government takes over the full responsibility for the final deposition of 
the existing highly radioactive waste and all related costs. The originators (utility 
companies) are released from their liability by a singular payment of a portion of their 
tax-free provisions to the Federal Government. 
 
According to a proposal of the searching commission for final deposit a new adminis-
trative structure for execution of the search, approval and erection shall be estab-
lished.  

- Project responsible: Federal Society for Nuclear Waste Disposal (BGE) 
-- site searching 
-- erection, operation and closing of final deposits 

- Supervisory control: Federal Department for nuclear waste disposal (BfE) 
-- regulations 

          -- plan approval and permission 
-- control of final deposits 

 
The responsible for delivery – which institution it might be finally – is responsible for 
development and manufacturing the final disposal canisters. 
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RESPONSIBILITY for FINAL DISPOSAL - the BIG DEAL

  EVU
„BAD PARTS“

   FEDERAL
GOVERNMENT

site selection
concept
construction
operation

laws & criteria
control
long-term safety
security

The  get 
for the price of
- splitting of accumulated funds for decommissioning & final disposal (today 39 billion EURO)
  and sharing with Federal Government
- compromise in Constitutional Court (compensation for reduced NPP operational lifetime)

EVU complete dismissal from liability for HLW 

final repositoryintake-storage
for final disposal

intermediate storage
on NPP site

Nuclear Power Plant

(long-time)
intermediate storage 
reloading in final
waste containerr

construction
operation
unloading SF
      in Castor
decommissioning
demolition

intermediate storage 
of HLW SF in Castor-
transport casks

39 Mrd.

23 Mrd.

EVU „CLEAN PARTS“

Who/which institution is the so-called „Ablieferungspflichtige“? 

Who gets what?

GNS? The  gets 
- 23 billion EURO of the tax-free savings of EVU for decommissioning &  final disposal
- compromise about compensation for early stop of NPP operation
for the price of

 Federal Government

taking full responsibility for further HLW management and disposal including all costs!

The „ Ablieferungspflichtige“ is responsible for the
development and construction of the waste container for final disposal.

jknorr & akerber analyse juni 2016

EVU1)

bankruptcy

closure

RESTRUCTURE



Outlook and expectation 
 
The one who applies nuclear energy takes over a huge responsibility. 
At that time in Germany political will and profit oriented economy lead to a world lead-
ing position in manufacturing and operation of nuclear power plants after an un-
precedented catch-up chase; an unexampled story of success which required a few 
years only. 
 
During the economically efficient period of NPP operation, precautions were made for 
closedown, demolition and waste disposal. All the citizens have pre-financed by their 
energy bills the demolition and the final deposition of the radioactive waste. These 
financial resources were available till now to the utility companies as tax-free provi-
sions. 
 
Now, declared political intention has decided the irreversible phase-out of nuclear 
power.  
 
The billions of provision have been split between state and utility companies, who 
were released in return from their responsibility for final disposal of radioactive waste. 
 
Therewith the total responsibility is at the state. 
 
The project responsible (BGE), the supervisory control (BfE) for nuclear waste dis-
posal as well as the responsible for delivery are state institutions. Everything lies in 
one hand. 
 
The money for covering the costs of final disposal is readily and earmarkedly avail-
able. This offers an enormous opportunity for efficient and sustainable solution of the 
overdue problem of final deposition – especially of the high radioactive waste. 
 
The citizens are now called to participate as early as possible and continuously in the 
decision making process for final disposal. 
 
This is a chance for the citizens to incorporate own ideas and creativity. 
But at the same time this is the chance to exercise control that the process is trans-
parent and time efficient and does not become stunted in a pseudo democratic end-
less loop.  
 
 

 
With the presented paper the authors try to participate in the public debate.  

Different people will possibly contribute alternative proposals. 
The best of all ideas shall succeed! 

 
We do oppose innovative solutions for a save final disposal to THE ANGST: 

 
WE ARE NOT HELPLESS! 
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