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Präsentationsnotizen
I have added comments to the pages which can be seen with moving the mouse over the symbols.
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Controversial viewpoints of the danish project

Examples for short-lived wastes, LWR-NPP resp. DK-Aluminium

Decay properties of the danish inventory

« Cost comparison of surface-near and deep geologic repository

e Compliance demonstration

e |s spent research fuel the problem?

 |AEA Safety Requirements
« Recommendations and reality: (1), (2), (3), (4) and (8).

« AKENd requirements and their applicability
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Vorführender
Präsentationsnotizen
These hyperlinks point to the relevant pages.
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‘M Different viewpoints - different focuses

Current repository plan | Alternative focus Potential consequences

Role of Compliance driven (dose  Durable enclosure of all Set-up safety criteria focussed on enclosure
repository limit, ...) wastes; Target: enclose all  quality (not on repository emissions!)

safety radioactivity forever!

Role of Only one of many Central for enclosure Set-up geologic minimum/desirable
geological barriers, not in focus, quality, all other barriers requirements (layer type and quality, layer
barrier requirements undefined can only be supportive thickness, layer age, etc.)

Integrity of the ~ (No requirements Durability of geological Derive integrity criteria from waste
geological formulated) barrier central for characteristics (e.g. longevity, mobility, gas
layer enclosure quality generation)

Site selection

procedure selecting sites, (reasons Denmark are best suitable  base it solely on repository safety criteria;
unknown to me) for durable enclosure? Strive for a broad societal consensus in that
risk decision; Strive for voluntarity
Repository Decisive criterion, Depth selection is a mere Repeat the selection process with taking the
depth excluding or beating all sub-function of the integrity whole geologic repertoire for enclosure into
other criteria or aspects criterion (BTW: depth is account and with reliable and carefully &
near to irrelevant for broadly consented enclosure criteria
overall costs!) (Selection process V2.0)
Role of As cheap as possible and  Costs are a sub-function of ,Safety first!”; It is simply impossible to tailor
economic only as safe as safety; It might be more natural systems to dose criteria, esp. when
factors unavoidably necessary costly to build a repository  the integrity of the geologic layer as such is at

High priority on naming &
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Which geologic layers in

at shallow depth due to
more severe instability of
mine openings

Re-design the whole selection process and

a high risk; Very different approach necessary
than in conventional Civil Engineering!


Vorführender
Präsentationsnotizen
This list of aspects, that I prepared to discuss the relevant issues, shows under which different viewpoints DD looks at the repository issue and which point of view I take. This demonstrates the incompatibility of the two view points.
In short: While DD and the Health Ministry focus on civil engineering (a necessary viewpoint) the focus of safety and risk has been lost or given up.
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Vorführender
Präsentationsnotizen
This demonstrates what a short-lived waste in fact is: it decays within a few hundred years to below clearance levels (the waste is not dangerous any more, no further isolation in a repository is necessary any more). Short-lived wastes can be disposed in a surface-near repository if it can be guaranteed that the repository cover systems remain intact over this time period (administrative safety control).
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A typical shortlived waste from the Danish inventory
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Manifolds of clearance criteria
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Vorführender
Präsentationsnotizen
This demonstrates that one of the Danish waste types is indeed a short-lived waste. It decays to below clearance levels within 500 years. Typical is that the longer-lived constituents Chlorine-36 and Iodine-129 are already below the clearance limit from the beginning.
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The whole Danish inventory by longevity criter
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Vorführender
Präsentationsnotizen
This demonstrates that the Danish waste inventory is far from being short-lived. Only two of the waste types can be termed short-lived (fall below the red line in less than 1,000 years), three other waste types need between 100.000 years and 1 million years to decay to below clearance limits and most of the waste types require more than a million years to decay sufficiently.
It can also be seen that the irradiated fuel types are not extraordinary relevant, so that an extra solution only for this type of wastes is inappropriate.
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Theory: Deep disposal is much more expensive.

o In fact the economic difference between a shallow and a deep
repository is in the worst case 450 m additional shaft drilling and 450 m
of additional steel cable during shaft operation.

www.oeko.de
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Geologic isolation layer Geologic isolation layer
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o All other much more relevant cost factors remain merely the same.

o It could as well be that shallow disposal is more expensive because
of the less compacted geologic formation (requiring extensive lining
of mine openings).
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Vorführender
Präsentationsnotizen
One of the assumptions to look for sites in between 0 and 100 m depth below ground, as applied in the Danish site selection phase, obviously is the expectation that „more depth“ is equal to „more expensive“. This is not the case. Depending from the geologic setting at the selected site, it can well be „less depth“ means „more expensive“ because the selected geologic layer is less consolidated (=higher water content, quicker flow, less mechanically stable, more sloppy material properties) and therefore requires extensive geotechnical lining.
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. Aspect #2: Compliance demonstration

* The integrity of the vor 18.000 Jahren
disposal cell resp.

repository has to be
guaranteed over very
long times.

e For surface-near loca-
tions down to 100 m
below ground, the
Integrity proof cannot be
demonstrated.

e Itis only possible to
evaluate long-term safety
and regulatory compli-
ance in a reliably func-
tioning isolation system.

Source: modified after SKB: Long-term Safety Analysis Forsmark, 2011
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Vorführender
Präsentationsnotizen
As the decay time to below clearance levels is longer than 100,000 years for most of the waste types, repository safety has to be assessed for very long times. Geological events that have happened in the past have to be considered also in the future. One of the geological event cases that a Danish repository will face in the future are ice ages. The picture shows ice thicknesses roughly 18,000 before today in scandinavia. A repository in Denmark has to be able to withstand future glaciations, so cannot be located at 0..100 m depth below ground (glaciation in the past affected exactly that depth below ground in Denmark).
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Is the spent research fuel the problem? orinstiut e
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* The difference of the Danish inventory with or without the spent fuel is hardly to be seen in
the diagram. Removal of the spent fuel and an extra-option for the spent fuel does not
change the isolation requirements to a relevant extend.
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Vorführender
Präsentationsnotizen
This picture shows the decay curves of all Danish wastes alltogether (black curve) and without the two iraddiated fuel types (red curve). This demonstrates that
disposing the spent fuel in another location (e.g. an extra bore-hole) or exporting it does not change the necessary isolation time relevantly,
that the Danish waste inventory in total and without the irradiated fuel is not short-lived (it decays only by one order of magnitude in 300 years),
glaciation has to be considered a design event.


. . o Oko-Institut e V.
Aspect #2 , The repository only has to comply with the emission standard*

IAEA Safety Standards say:
» 1 he specific aims of disposal are:

(a) To contain the waste; Containment is the prime target!

(b) To isolate the waste from the accessible biosphere and to
reduce su stantially the likelihood of, and all possible
rtent human intrusion into the waste;

(c) Td.inhibitZreduce anddelay the migration of
radionuclideglat any time from the waste to the accessible
biosphere;

(d) To ensure that the amounts of radionuclides reaching the
accessible biosphere due to any migration from the disposal
facility are such that possible radiological consequences are
acceptably low at all times.”

(Source: Specific Safety Requirements: Disposal of Radioactive Waste, IAEA No. SSR-5, Vienna 2011)
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Vorführender
Präsentationsnotizen
This is what IAEA requires for repositories for disposal. In the Danish setting, requirements a) to b) are completely ignored, c) and d) are taken very lightly (those aspects are mentioned but cannot be fulfilled in the selected repository depth).
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2007 recommendations (1)

de

1. The disposal should be situated in an area with homogeneous
geological conditions. It should be demonstrated that these
conditions will be found with a high degree of probability at the
selected sites. The geology of Denmark is in many areas
relatively heterogeneous. However, it is the goal to find
continuous and homogeneous sediments or rock layers.

Compliant with IAEA Safety Standards a)

But why was the depth limited to
0..100 m, where geology in

o
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Denmark is well known to be
,relatively heterogeneous*?
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Vorführender
Präsentationsnotizen
These recommendations were drafted in 2007 to govern the repository project.
Recommendation 1) reflects exactly the cited criterion a) of the IAEA Safety Standards. But the decision taken later to only search for a repository depth between 0..100 m contradicts compliance with this recommendation and IAEA Safety Standard a).
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2007 recommendations (2) @ Okorlnstitut eV.

2. The geological deposits shall contribute to isolation of the
radioactive waste. This is most effective if the disposal is

underlain or surrounded by tight layers such as e.g. clays, silts,
lime stone or basement rocks.

Compliant with IAEA Safet ‘tandards b)

But why was this not formulated as
a prime requirement, why was it
not quantified and why was it not
applied in site selection?

How can this requirement be
implemented when selected
geologic layers will be subject to
future glaciation activities?
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Vorführender
Präsentationsnotizen
Again, recommendation 2. is compatible with IAEA‘s b), but the decision to search only down to 100 m depth contradicted that completely.
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2007 recommendations (3)

de

3. To restrict the water flow from the disposal it will be appropriate if
the disposal is sited in low permeable deposits.

www.oeko

Compliant with IAEA Safet ‘tandards c)

But why was this not formulated as
a prime requirement, why was it
not quantified and why was it not

applied in site selection?

How can this requirement be
implemented when selected
geologic layers will be subject to
future glaciation activities?
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Vorführender
Präsentationsnotizen
To search for low permeability layers is perfectly complying with IAEA‘s c), but is low permeability today saying something about layer permeability following the next ice age? 
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2007 recommendations (4)

114 The disposal shall be placed at longest possible distance from
- groundwater aquifers. The streaming conditions of the surrounding
— deposits or rocks must be low.

Compliant with IAEA Safety andards c)

But why was this not formulated as
a prime requirement, why was it
not quantified and why was it not
applied in site selection?

How can this requirement be
iImplemented when selected
geologic layers will be subject to
future glaciation activities?
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Vorführender
Präsentationsnotizen
Again, aquifers in Denmark today in 100 m depth are in most areas what the Weichselian glaciers left over. The requirement is incompatible with the criteria applied in the site selection process.


‘2007 recommendations (8) Okornstitut e
8. Geological processes on the earth surface may not be able to
Influence on the security of the disposal.

Compliant with IAEA Safety Standar d)

But why was this not specified
further? Why was it not quantified
and why was it not applied in site

selection?

A view from the far distance (700 km):
- These safety criteria are compliant with international standards.
- They are qualitative only, leaving compliance open for interpretation.
- They seem to be ignored and not at all applied in the site selection phase.
- The reliability and accountability of the process is seriously at stake!
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Vorführender
Präsentationsnotizen
This is the most astounding recommendation as it says exactly that future glaciation should not affect safety. But the decision to search only at a depth of less than 100 m violates this criterion.
In general terms: the Danish Safety criteria, well compatible with international safety requirements, were eroded away in less than a few years. A not very reliable approach. 
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‘B Minimum requirements for final disposal sites

AKENnd requirement Safety rationale behind the Applicability in
requirement the Danish case

Hydraulic conductivity of Transport reduction for mobile

rock zone < 1019 m/s radionuclides res
Thickness of rock zone > Longterm stability of the -
100 m enclosure zone
Depth of the top of rock Erosion protection + distance to
zone > 300 m surface activities + probability of Yes
unplanned intrusion +
continental uplift buffer, + + +
Repository mine not Heat protection of miners Yes
deeper than 1,500 m
Areal extension large Large enough space availability N
enough (3 km2 / 10km?) for German waste inventory O e seller)
No rock burst vulnerability  Integrity of isolating rock zone Yes

Geophysical stability over  Integrity of isolating rock zone

1 Million years Yes
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Vorführender
Präsentationsnotizen
This replays the requirements that the German Commission for a site selection procedure in 2002  in Germany has set for the disposal of high-level wastes, describes the safety rationale behind those requirements and evaluates if this is also applicable in the Danish case. Nearly all requirements are 1:1 applicable.
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Vielen Dank fur Ihre Aufmerksamkeit!
Thank you for your attention!
Mange tak for opmaerksomheden.

Haben Sie noch Fragen?
Do you have any guestions?
Har du leengere spgrgsmal?




	Selected aspects of  the Danish repository program
	Index
	Different viewpoints - different focuses
	A typical shortlived waste from an NPP
	A typical shortlived waste from the Danish inventory
	The whole Danish inventory by longevity criteria
	Theory: Deep disposal is much more expensive.
	Aspect #2: Compliance demonstration
	Is the spent research fuel the problem?
	Aspect #2 „The repository only has to comply with the emission standard“
	2007 recommendations (1)
	2007 recommendations (2)
	2007 recommendations (3)
	2007 recommendations (4)
	2007 recommendations (8)
	Minimum requirements for final disposal sites
	Vielen Dank für Ihre Aufmerksamkeit!�Thank you for your attention!�Mange tak for opmærksomheden.

