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Appendix A

Canister for spent nuclear fuel — design premises

A1 Design premises

SKB has presented a new edition of the design premises for the canister /A-1/ describing status and
state of knowledge. In view of the importance the regulatory authorities have attached to design
premises and design basis data in the review of RD&D 2004, important parts of SKB’s new edition
of the design premises are presented in this appendix. In some cases, information has been corrected
in the light of the current state of knowledge (section A1.3.3 with regard to particles from the
welding tool, section A1.4.2 with regard to tensile stresses during the water saturation phase and
section A1.4.4 with regard to newer calculations of the strain in the insert). The programme for the
continued work is presented in section 14.2 in Part II1.

A1.1  Design of the canister

SKB’s reference canister consists of an outer corrosion barrier of copper and a loadbearing insert
of nodular iron. The canister is available in two versions: one that holds twelve BWR assemblies
and one that holds four PWR assemblies. The detailed design is described in SKB’s quality and
environmental management system for canister fabrication /A-2/.

The performance requirements that determine the design of the canister and the choice of materials are:
» The canister must contain and prevent the dispersion of radionuclides from the spent nuclear fuel.
* The canister must resist the corrosion attacks expected in the final repository.

» The canister must resist the loads expected in the final repository.

* The canister must have negligible thermal, chemical and mechanical effects on contribution made
by the other barriers and the fuel to isolation and retardation.

» The canister must be able to be transported, deposited and otherwise handled in a safe manner.

Furthermore, canisters with specified properties must be able to be fabricated, sealed and inspected
with high reliability in production, and their properties must be able to be tested against specified
acceptance criteria.

How these requirements have been taken into account in designing the canister’s copper shell and
insert is explained below.

A1.2 Contain the fuel

The canister is supposed to contain the spent nuclear fuel and prevent radioactivity from leaking
into the environment. The canister will hold the different types of spent nuclear fuel included in

the Swedish nuclear power programme, and the geometry of the fuel assemblies is the basis for

determining the size of the channels for the fuel assemblies in the canister.

The design basis for the permissible decay heat in the canister is that the chemical stability of the
bentonite buffer must be maintained. A requirement on maximum temperature on the canister surface
after deposition is a determining factor for the encapsulation process (permissible decay heat of the
encapsulated fuel) but not for the design of the canister.
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A1.3 Chemical resistance during repository lifetime
A1.3.1 Overview of repository evolution

Three characteristic climate domains are expected to occur during the period the repository must
function. These climate domains affect the environment at repository depth and thereby the chemical
resistance of the canister. They are described in brief below.

The temperate/boreal domain is the period during which the climate gradually changes. During this
domain, changes in the shoreline comprise the important process for groundwater composition.

The permafrost domain entails a lower water flux than under current conditions. Salt exclusion
and a low water flux can together lead to a considerable increase in the salinity of the groundwater
/A-3, A-4/.

During the glacial domain the groundwater flow is controlled by the ice sheet and its extent. This
will drive glacial meltwater down to great depths. Calculations show that it is possible that glacial
meltwater will reach repository depth. Calculations also show that the redox-buffering ability of the
water will ensure that only oxygen-free water reaches repository depth /A-5, A-6/.

A1.3.2 The copper canister in the final repository

The groundwater at repository depth will be oxygen-free and reducing, except during the operating
phase and for a relatively short period thereafter. Copper is immune to corrosion in pure oxygen-free
water. In order for copper to corrode in aqueous solutions, the presence of dissolved oxygen, high
chloride concentrations, low pH or dissolved sulphide is required.

The canister is surrounded by compacted bentonite. Since bentonite does not contain any chlorine-
containing minerals of importance, the chloride content of the groundwater will determine the
chloride content of the bentonite as well. Nor are the sulphide concentrations expected to be higher
than in the groundwater, and the pH is expected to lie in the interval 7-9. Even at the highest
expected chloride concentrations, copper is immune to chloride corrosion at the expected pHs.

During the initial phase until oxygen-free conditions are reached in the repository, only insignificant
aerobic corrosion of the copper will occur, equivalent to a material loss of three microns. This
process is a crucial factor for the design of the canister. After the oxygen has been consumed,
corrosion (anaerobic corrosion) will be completely controlled by the supply of dissolved sulphide

to the canister. With the model /A-7/ that was used in SR-Can /A-8/, the corrosion loss on the most
exposed parts of the canister is calculated to be less than six millimetres.

In view of the fact that FSW welds do not have a different corrosion potential with oxygen present,
galvanic corrosion can be ruled out even under anaerobic conditions.

An interaction of several parameters is required in order for stress corrosion cracking to occur /A-9,
A-10/. Two necessary parameters are specific chemical conditions combined with tensile forces in
the canister surface. It is highly unlikely that stress corrosion cracking could occur under repository
conditions /A-4/, which means that stress corrosion cracking is not a design-basis process for the
canister.

After water saturation, radiolysis of water will occur near the canister. The permissible surface dose
rate is therefore limited to a maximum value of 1 Gy/h. The reference canisters (for BWR and PWR
assemblies) meet the surface dose rate requirement.

Uncertainties

Uncertainties in models are discussed in SR-Can, especially with regard to bentonite erosion and
its consequences for anaerobic corrosion. Further knowledge is needed on bentonite erosion before
these uncertainties can be eliminated.
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Conclusions

With current knowledge, anaerobic corrosion is a design-basis process for the copper canister,

and the copper cover must be at least six millimetres. The scratches and other geometric deviations
in the surface of the copper shell that can arise during working or handling of the canister do not
affect anaerobic corrosion. There is therefore no reason to stipulate requirements on, for example,
the permissible depth of scratches and dents from a corrosion point of view, as long as they do not
risk penetrating the copper shell to a depth equivalent to the minimum permissible corrosion barrier
(six millimetres).

A1.3.3 Materials — the copper shell, corrosion aspects

Anaerobic corrosion is a crucial process for the choice of copper grade. Copper with low oxygen
content should be chosen to eliminate the risks of intergranular corrosion due to oxide segregations
in the grain boundaries. To ensure sufficient chemical resistance, the oxygen concentration must be
kept below 30 ppm. For the same reason the copper must have low concentrations of impurities that
could corrode selectively or segregate to the grain boundaries and increase the risks of intergranular
corrosion. Here as well, the maximum permissible concentrations of aluminium, cobalt, chromium
and nickel are 30 ppm. SKB has chosen friction stir welding (FSW) as a reference method. As
regards weldability with FSW, no additional requirements on the copper material can be derived
beyond those discussed above. If FSW is done in air, the oxygen concentration in the weld metal
may increase, and this has been demonstrated in the form of oxide particles /A-11/. Tests with weld-
ing under shielding gas (argon) show that the oxide particles can be almost completely eliminated.
Small quantities of metal from the welding tool have also been observed in the weld. The impurities
detected are aluminium, cobalt, chromium and nickel, and the concentrations are at most a few tens
of ppm. However, it has not been clarified whether the impurities occur as discrete microinclusions
or dissolved in the copper.

A few particles from the tool on the weld surface will not affect the life of the canister. Selective
(galvanic) corrosion will probably consume these particles, and the loss of corrosion barrier will be
completely negligible. Studies at Kimab /A-12/ have shown that the corrosion potential of the weld
does not deviate from that of the parent metal even under anaerobic conditions. The small quantities
of impurities from the welding tool will thus not degrade the corrosion properties of the weld or
give rise to galvanic corrosion of the weld. Recent findings show that leakage of alloying elements
from the welding tool into the copper material can be eliminated by coating the probe with a ceramic
layer, see section 14.5.1 in Part III.

A1.3.4 The insert in the final repository

The insert is protected by the copper shell as long as the latter is intact. Nevertheless, some chemical
effects on the insert may be caused by the fact that small quantities of water can accompany the

fuel at encapsulation. If there is air in the canister, radiolysis reactions between the water and the
nitrogen in the air can form nitric acid. The acid can cause stress corrosion cracking. The canister is
therefore designed so that the air in the insert can be exchanged for an inert gas, for example argon.
Any residual oxygen and water in the canister will be consumed by corrosion of the iron. When the
oxygen is consumed, hydrogen will be formed by anaerobic corrosion by the water. Investigations
are being conducted to clarify whether the hydrogen affects the properties of the canister materials.

Uncertainties

Additional knowledge is needed regarding the presence of water in the fuel and the effects of
hydrogen on the canister materials in order to rule out the possibility that chemical processes could
affect the insert.

Conclusions

Changing the atmosphere in the insert prevents stress corrosion cracking.
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A1.3.5 Materials — the insert, corrosion aspects

No material requirements are made on the insert from the corrosion viewpoint.

A1.4 Mechanical resistance
A1.4.1 Repository evolution, overview

The canister is part of a complex mechanical system in the final repository. Climate changes on the
Earth’s surface such as glacial cycles affect the canister both mechanically and hydraulically. Nearest
the canister is a chemical/mechanical buffer consisting of 35 centimetres of bentonite, which causes
mechanical stresses on the canister when it swells.

The evolution of the mechanical stresses on the canister can be divided into the following phases:
»  Water saturation phase.

» Temperate/boreal phase and permafrost phase.

* Glacial phase.

» Postglacial phase.

The water saturation phase begins immediately after deposition. A pressure build-up then occurs
around the canister due to increasing groundwater pressure and swelling bentonite. The groundwater
pressure is dependent on the repository depth. The inflow of water into the deposition holes causes
the bentonite to swell. The swelling pressure that is built up depends on the density of the buffer
/A-13/.

The temperate/boreal phase and the permafrost phase that follow the water saturation phase provide
stable mechanical conditions for the canister. However, certain pressure differences may exist after
the water saturation phase due to uneven swelling of the bentonite and the possible influence of the
geometry of the deposition hole.

The glacial phase, ice formation, causes a slow isostatic pressure build-up in the repository. This
pressure increase depends on the thickness of the ice, which in turn depends on the geographic
location of the repository and climatological factors. The maximum isostatic pressure on the canister
will be 45 MPa for the Forsmark case and 42 MPa for the Laxemar case, based on the thickest ice
sheet that has existed over the past two million years (the Saale Ice Age) /A-8/.

The postglacial phase entails a slow pressure decline in the repository back to the conditions that
prevailed before the glacial phase. When the rock is unloaded, earthquakes can occur under certain
conditions, which can affect the canister mechanically. An earthquake can cause existing fractures
intersecting deposition holes to be activated and sheared. An earthquake with a magnitude of six
causes a shear movement through a deposition hole of 0.1 metre /A-8/.

A1.4.2 The copper canister in the final repository

Stresses on the copper shell are ultimately determined by the processes in the repository, but the
design of the canister must also be taken into consideration when determining these stresses.

The pressure build-up during the water saturation phase causes the copper shell to be deformed up
against the insert. The size of the plastic and/or creep strains to which this gives rise depends on

the size of the gap between the copper canister and the insert. Due to manufacturing tolerances, the
radial gap between the insert and the copper canister does not exceed 1.75 millimetres. The strain to
which the copper shell is subjected amounts to 4 percent.

The calculations have been performed for a canister whose ends are fixed by the bentonite and under
the pessimistic assumption that the supply of water only took place on one side of the canister. The
uneven swelling then led to local tensile stresses in the copper shell of up to 59 MPa /A-14/, i.e.
local plasticization of the copper shell. Experience from the Prototype Repository and the Canister
Retrieval Test in the Aspd HRL can lead to more realistic scenarios for uneven swelling of the
bentonite than the one used in the analysis /A-14/.
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Shear movements in the deposition hole in connection with postglacial earthquakes can affect the
copper shell. After the initial plasticization of the buffer/canister system, a recovery occurs due to
creep. Calculations /A-13, A-15/ show that 0.1 metre of shear with a shear rate of 1 metre per second
and a bentonite density of 2,000 kg/m® gives an initial plastic strain in the copper shell of 7 percent.
A pessimistic estimate of the creep strain in the copper shell gives a result of 7.7 percent.

Shear of deposition holes is a design-basis process for the copper material that requires a plastic
strain of 7 percent and a creep strain of 7.7 percent.

Uncertainties

The input data that have been used regarding pressure differences in the deposition hole, caused

by uneven water inflow in the deposition hole, as well as the distribution of the density of the
bentonite are conservative, and in some cases very conservative (very improbable). As a result, the
calculations of the stresses on the canister must include the plasticity of the bentonite and are thereby
complicated and associated with greater uncertainty.

As far as calculation of isostatic glaciation loads is concerned, these are conservative but
uncomplicated.

A1.4.3 Materials — the copper shell, mechanical properties

The results of creep testing show that modifications of the composition of the oxygen-free copper
are necessary in order to achieve satisfactory creep ductility /A-16/. Adding 30 ppm phosphorus
increases the creep ductility and creep life of the material. In the case of the phosphorus-containing
copper, sulphur concentrations in the interval 6 to 12 ppm and grain sizes in the interval 100 to

800 microns have no measurable effect on creep ductility. Corrosion testing has shown that the
addition of phosphorus does not increase the material’s susceptibility to grain boundary corrosion
(intergranular corrosion), either in the parent metal or in the weld metal /A-17, A-18/.

The copper material must have low concentrations of certain insoluble elements — lead, tellurium,
selenium and bismuth — that embrittle copper. The extra requirements in this respect have been taken
from the material standards EN 1976 Cu-OFE and EN Cu-OF1. In addition, requirements are made
on the hydrogen concentration, since hydrogen can give rise to hydrogen embrittlement at the high
temperatures that occur in the hot-forming processes.

In addition to the parent metal, welds made by FSW have also been creep-tested. The creep tests
have not revealed any great differences between the weld metal and the parent metal in terms of
creep ductility and creep life /A-19, A-20/.

No detectable damage or changes are expected to occur in the canister materials during the life of the
canister as a result of radiation from the spent nuclear fuel. The effects of radiation on the canister
material can therefore be disregarded in designing the copper shell.

When it comes to the effect of temperature on the mechanical properties of the copper material,
uniaxial tensile tests reveal a marginal temperature dependence in the interval 0—100°C, with a
gradual decline of yield strength and ultimate strength with increasing temperature, while elongation
at break and contraction at break are not affected. Compared with at room temperature, ultimate
strength and yield strength decrease by 8 percent at 100°C. If the temperature is instead reduced
from room temperature to 0°C, an equivalent increase in ultimate strength and yield strength occurs.

A1.4.4 The insert in the final repository

All phases in the evolution of the repository will cause mechanical effects on the insert: the water
saturation phase, the temperature/boreal and the permafrost phase, the glacial phase, and the
postglacial phase.

The properties of the bentonite buffer affect the load on the canister. There are two buffer parameters
that determine the load transfer in different situations: swelling pressure and shear strength. Both
properties are directly dependent on the water saturation density of the buffer.
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The wetting of the bentonite buffer during the water saturation phase is expected to occur in

such a way that the swelling pressure is built up evenly. However, there is a possibility that some
unevenness will be obtained due to uneven wetting, differences in bentonite density or deviations in
the geometry of the deposition hole.

The most unfavourable case identified during water saturation is asymmetric wetting so that swelling
pressure develops in the buffer at one end of the canister and along one side of the canister, giving
rise to a bending moment on the canister /A-21, A-14/. Calculations show that the plastic properties
of the bentonite are a limiting factor for the stress in the canister. The largest bending stress in the
insert should be less than 55 MPa and is limited by the plasticity of the bentonite. This stress is
transient when the wetting of the buffer becomes complete.

However, at present the possibility cannot be ruled out that the density of the bentonite will vary
in the deposition hole in the interval 1,950-2,050 kg/m? and that the canister will be positioned
off-centre or tilted in the deposition hole, and that the deposition hole will have an unfavourable
geometry. Even in this pessimistic case, the maximum bending stress is limited by the plasticity
of the bentonite to 55 MPa. This stress is regarded as permanent.

Uneven swelling, either temporary during water saturation or permanent, is a design-basis process
for the insert and gives rise to a bending stress that has been pessimistically determined to be
55 MPa.

The loads to which the canister will be subjected during the glaciation phase are composed of the
hydrostatic pressure at repository depth, the bentonite’s swelling pressure and the ice load. The
maximum ice load has been pessimistically calculated to be 45 MPa.

The mechanical stress on the canister of a shear movement resulting from postglacial earthquakes
is mainly dependent on the density of the buffer and the position of the shear plane, but the shear
rate and the size of the shear movement also have a significant effect. Calculations show that with a
buffer density of 2,000 kg/m? and a shear movement of 0.1 metre, the strain in the insert is less than
one percent /A-22/.

A1.4.5 Materials — the insert, mechanical properties

The canister insert is made of nodular iron (spheroidal graphite cast iron). The material in the
insert must meet the requirements in “EN 1563 grade EN-GJS-400-15U" (Number EN-JS1072,
SS 07 17-00).

The insert’s steel cassette, which contains channels for the fuel assemblies, is made of steel plate
according to EN 10025 S355J2G3, SS 14 21 72 or a similar grade with at least the same strength and
ductility.

The insert will be loaded for a long time. In addition to the strength calculations, a time-dependent
mechanical analysis must be done. Time-dependent effects can arise due to creep in the nodular iron
or other time-dependent phenomena.

A1.5 Ensure that criticality does not arise
Normal criteria for criticality safety will be applied to the management and final disposal of spent
nuclear fuel. The fuel will remain subcritical with the current design of the insert /A-23/.

A possible fabrication defect in connection with welding of the insert is that partition walls contain
major discontinuities. It is of interest to study how such discontinuities could affect the risk that
criticality will arise. Supplementary calculations will therefore be carried out.
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A1.6 Little effect on other barriers

The canister must not affect the final repository’s multiple barrier system. The cases where effects on
other barriers are considered to be possible are radiation effects and thermal effects on the buffer.

The canister must provide adequate radiation attenuation so that the bentonite buffer and the water
chemistry in the near field are not affected by radiation. Radiation can cause radiolysis of water or
humid air before water saturation. With the limitations provided by the decay heat and the canister’s
material and geometry, a surface dose rate < 1 Gy/h is obtained, which does not result in any effect
on other barriers.

The bentonite buffer is negatively affected at excessively high temperatures. For this reason the
temperature in the bentonite may not exceed 100°C. This requirement is not directly related to the
canister design, but is a result of several factors: the decay heat in the fuel in the canister, the thermal
conductivity of the rock and the distance between the canisters in the deposition tunnels.

A1.7 Important parameters that affect the canister

SKB’s development strategy is based on defining a reference design for the final repository

system. The reference design defines all essential parts and parameters in the system. By gradual
knowledge accumulation, the reference design of the final repository system will be further refined
and underpinned, and the tolerances for various parameters can be reduced. At present their are two
alternative sites with differing geology and different parameters, which means that the tolerances in
the parameters for the canister must cover both sites.

After site selection it will be possible to reduce the tolerances, but these parameters and their values
cannot be established until detailed characterization on the selected site and a number of studies have
been completed.

Important parameters in the system that affect the design-basis processes for the canister are shown
in Table A-1.

A1.8 Fabrication and handling

The canister is designed so that it is possible to lift and handle it during fabrication, encapsulation,
transport and deposition and in the event of retrieval. The canister lid is equipped with a lifting
flange that is designed to be lifted with a special tool.

Limit values for permissible loads on the canister during transport will be determined within the
framework of the safety analysis report for the transport cask.

The canister is not designed for the extreme stresses that can occur in connection with mishaps
during the operating period. Three cases of mishaps in the encapsulation plant have been investi-
gated and the results show that the canister cannot take being dropped from full working height.

A similar mishap analysis is being performed in the final repository. The canister is not designed for
these types of mishaps. Instead, the systems and processes used during encapsulation, transport and
deposition are designed so that an acceptable risk level is obtained.

A1.8.1 Handling during fabrication, encapsulation, transport and deposition

The overall requirement is that the canister and its parts must be fabricated and handled so that they
meet the requirements stipulated in the design premises when they leave the canister factory. The
specifications that ensure this are stipulated in SKB’s quality and environmental management system
for canister fabrication /A-2/.
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Table A-1. Natural and technical system parameters of importance for the canister in the final

repository.

Parameters in the final
repository system

Effect on the canister

Parameters for the canister

Natural

Geographic location
— thickness of the ice

Repository depth
Water inflow

Hydraulic conductivity

Rock stresses

Fracture frequency and
size distribution

Technical

Drilling technology
(deposition holes)

Variation in water saturation
density in the bentonite

Value of water saturation
density in the bentonite

Isostatic pressure during glaciation.

Isostatic pressure after water saturation.

Time for water saturation, load during the
water saturation phase, duration of load during
the water saturation phase.

Possible effect on the corrosion process due
to the effects of water chemistry and/or the fact
that bentonite can be carried away.

Risk of spalling influences the hole geometry.

Risk of shear in connection with postglacial
earthquakes.

Hole geometry.
Permanent pressure differences.
Plastic properties of the bentonite.

Bentonite swelling pressure, isostatic pressure
after water saturation.

Bentonite swelling pressure, isostatic pressure
during glaciation.

Plastic properties of the bentonite, load
transfer during postglacial earthquake.

Creep properties of the bentonite, load transfer
after postglacial earthquake.

State of stress in insert and copper shell
during the glaciation phase.

Compressive strength.

Duration of state of stress in copper shell
and insert during the water saturation
phase.

Copper thickness.

State of stress in insert and copper shell
during and after the water saturation phase.

Shear load on the canister.

State of stress in insert and copper shell
during and after the water saturation phase.

State of stress in the canister after the
water saturation phase.

State of stress in the canister during the
water saturation phase.

State of stress in the canister after the
water saturation phase.

State of stress in the canister during the
glaciation phase.

State of stress in connection with
earthquake. Plastic strain in the copper
shell. The state of stress in the insert.

State of stress after postglacial shear.
Creep strain in the copper shell.
Relaxations of stresses in the insert.

In the planned process in the encapsulation plant, the canister will be lifted twice by its lid. After that
it will be transported to the final repository, where the canister will be lifted out of the transport cask
and handled further in the final repository system, where two more lifts will take place. A calculation
has been made of lifting safety in accordance with applicable nuclear standards. The results show that
lifting safety for the canister has very large margins and that up to 100 lifts can be made without risk.

Handling, encapsulation, transport and deposition of the canister should be done so that the loads on
the canister do damage it. If such damage occurs, it must be evaluated with respect to the long-term
safety of the canister, but also with respect to handling safety and subsequent process steps.

A1.8.2 Damage to the sealed canister

Handling damage will occur in the copper shell of the finished canister. Handling damage may
consist of irregularities in the copper surface and/or cold working effects in the material. In extreme
load cases such as dropped canister, however, the insert can also be damaged.
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Handling safety

Attempts that have been made to determine the fracture mechanical properties of copper show that
the material is extremely insensitive to stress risers, even if there is surface damage. In the event of
extremely deep scratches in the tangential direction, however, lifting safety can be affected. A study
of the canister’s lifting safety shows that a 10 millimetre deep circumferential defect in the weld is
acceptable from the viewpoint of lifting safety. The same criterion can be conservatively applied to
other parts of the copper shell. However, it should be pointed out that all damage evaluation must
take other interacting discontinuities into account.

Deformations entail cold working effects which cause a reduction in ultimate elongation in the mate-
rial, but also strain hardening with increased hardness and ultimate strength. Generally speaking,
lifting safety is not affected unless that material becomes so heavily plasticized that its thickness is
reduced. The conservative criterion for this type of damage is to allow defects with a depth of up to
10 millimetres.

Long-term safety

The presence of defects does not affect copper corrosion. A minimum copper cover of 6 millimetres
is therefore the design basis requirement for permissible defects from a corrosion viewpoint. The fact
that the fracture mechanical properties of copper are extremely insensitive to stress risers means that
limited local defects do not affect the mechanical integrity of the copper shell. But it is of interest to
study whether creep ductility is affected by plasticization. Such experiments are planned.

A1.9 The reference canister — summarizing requirements

The requirements regarding the canister’s design and materials are stipulated in the design premises,
where the copper stock for the copper shell and the nodular iron for the insert are also specified.
Additional requirements must be met to achieve adequate mechanical properties or fabricability and
testability.

The stock chosen for fabrication of the copper shell is pure oxygen-free copper copper that meets the
standard EN 1976, Cu-OFE (Table A-2) or Cu-OF1 (Table A-3).

Table A-2. Chemical composition of copper, EN 1976 Cu-OFE.

Element Cu Ag As Fe S Sb Se Te Pb
% ppm®)—
99.992 25 5 10 15 4 3 2 5
P Bi Cd Mn Hg Ni (o) Sn Zn
ppm®—
3 1 1 0.5 1 10 5 2 1
a Including Ag.

b Max. content.

Table A-3. Chemical composition of copper, EN 1976 Cu-OF1.

Element Cu Ag As Fe S Sb Se Te Pb
remaining ppm—
25 59 109 15 40 29) 29 5

a Including Ag. ® Max content. ©® Sum of As+Cd+Cr+Mn+Sb < 15 ppm.
9 Sum of Co+Fe+Ni+Si+Sn+Zn < 20 ppm. ® Sum of Bi+Se+Te < 3 ppm. ? Sum of Se+Te < 3.0 ppm.
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Additional requirements in the design premises, relative to the requirements stipulated in the
standard, apply to the concentrations of sulphur (S) and phosphorus (P) and are aimed at ensuring
adequate mechanical properties in the copper shell. Another additional requirement is a low
hydrogen concentration in order to eliminate the risk of hydrogen embrittlement during heat
treatment. If EBW is used for welding, a requirement is made on low oxygen concentration in the
copper components. The standard’s requirements on permissible concentrations of certain metals
(Cr, Co, Al, Ni) provide the necessary margin to ensure adequate corrosion properties in the shell,
even taking into account the fact that some elevation of these concentrations has been observed in
FSW welds.

The requirement on permissible grain size may have to be made stricter than is specified in the
design premises in order to ensure testability with ultrasound. Work is under way to specify this
requirement.

In order to provide margins to the design premises, the requirements in SKB’s specifications /A-2/
are generally stricter than those specified in the design premises, see Table A-4.

SKB has chosen to make the insert of nodular iron. In order for the insert to have the necessary
mechanical properties (strength and ductility), the material must satisfy the requirements laid down
in European standard EN 1563 grade EN-GJS-400-15U.

The requirements on the materials for the canister components are shown in Tables A-5 and A-6.

A1.10 SKB’s continued work with design premises for the canister

Some work remains to be done to arrive at the final design premises for the the canister. The
background material must be structured and augmented so that it contains the information that is
required to assure the canister’s performance and meet the needs of the regulatory authorities for
review. Prior to permit application for the final repository, SKB continues to work to compile design
premises and design basis data in accordance with the requirements set forth in SKI’s study report
2006/109 /A-23/.

The programme for the continued work is presented in section 14.2 in Part III.

Table A-4. Requirements on the copper shell in design premises and requirements on weld
metal, canister components and copper ingot.

Requirements in design Weld metal Canister component Copper ingot
premises — copper shell

Cr <30 ppm Cr <30 ppm KTS001 /A-2/ KTS001 /A-2/
Co < 30 ppm Co < 30 ppm KTS001 KTS001
Al <30 ppm Al < 30 ppm KTS001 KTS001
Ni < 30 ppm Ni < 30 ppm KTS001 KTS001
O < 30 ppm O < 30 ppm O <5ppm
S <12 ppm S <8ppm
30 <P <100 ppm 30 <P <100 ppm 30 <P <70 ppm
H < 0.6 ppm H < 0.6 ppm
Grain size < 800 um Poss. add. req. for NDT Grain size < 360 ym, KTS002
Poss. add. req. for NDT
Ductility > 30% Ductility > 30% > 40% (100°C)
Creep ductility > 8%* Creep ductility > 8% Creep ductility > 8% (20-100°C)

* Creep can occur during water saturation and in connection with postglacial shear. The stipulated value applies in
connection with postglacial shear.
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Table A-5. Design premises and detailed requirements on the nodular iron insert.

Performance
requirements

Requirements stipulated in design premises /A-1/

Other related requirements and comments

Contain the fuel

Chemical
resistance

Mechanical
strength

Negligible effects
on other barriers
and fuel

Criticality

Testability

The insert must hold twelve BWR or four PWR fuel
assemblies. The dimensions of the channel tubes
must be at least:

BWR: 150x150 mm.

PWR: 230%x230 mm.

The atmosphere in the insert must be able to be
changed to > 90% inert gas.

The insert must resist stresses during the water
saturation phase, permanent loads due to uneven
swelling pressure in the deposition hole, isostatic
loads during glaciation and stresses in connection
with postglacial earthquakes.The design basis load
is an external pressure of 45 MPa.

Material thickness according to reference canister.

The insert is designed so that it meets criteria
for criticality safety even after water penetration.

Must meet requirement on testability by NDT
to reveal any discontinuities in the metal.

Technical specification KTS011 /A-2/.
Change in drawing of PWR insert in
progress. The dimensions of the insert
tubes are checked with a gauge:
BWR: 152x152 mm.

PWR: change being studied.

The insert and the steel lid are designed
for atmosphere change.

Technical specification KTS011 /A-2/
specifies the following standard:

EN 1563 grade EN-GJS-400-15U.
Material structure/nodularity: forms V
and VI (80%).

Yield strength: min. 240 MPa (20°C).
Ultimate strength: min. 370 MPa.
Ultimate elongation: min. 11% (cast-on
test bars), min. 7% (test bars from insert).
Eccentricity of cassette > 5 mm.
Corner radii 15-25 mm.

Calculations show that the reference
canister meets this requirement.

Calculations show that the reference
canister meets this requirement.

Requirements on surface finish, spacer
plates in the cassette and material
structure/nodularity are being studied.

RD&D Programme 2007

503



Table A-6. Design premises and detailed requirements on copper components and welds.

Performance
requirements

Requirements stipulated in design premises /A-1/

Other related requirements and comments

Chemical resistance Min. 6 mm intact copper thickness.

Mechanical
resistance

Negligible effects
on other barriers
and fuel

Transported,
deposited and
otherwise handled
in a safe manner

Testability

Material composition: The copper material in the
canister must conform to the specification for
pure copper with a low oxygen concentration.

Permissible impurity concentrations in finished
copper component:

Cr <30 ppm

Co < 30 ppm

Al <30 ppm

Ni < 30 ppm

O < 30 ppm.

Mechanical properties of copper:

Ductility: > 30%.

Creep ductility: > 8%, leads to requirement on
Grain size: < 800 ym.

Additional requirements:
P =30-100 ppm
S <12 ppm

Material thickness according to reference
canister.

Copper thickness: required thickness for
sufficient lifting safety.

The copper shell must be fabricable and
compliance with requirements must be verifiable.

Must meet requirement on testability by NDT to
reveal any discontinuities in the metal.

The design premises are complied with by
choosing standard material that meets the
following specifications: EN 1976 Cu-OFE
(UNS C10100) or EN 1976 Cu-OF1

with additional requirement according to
KTS001: O <5 ppm.

The following requirements are stipulated
for finished components in KTS002*:
Ductility > 40%.

Creep ductility > 10%.

Microstructure with grain size < 360 pm.

Additional requirements according to
KTS001:

P = 30-70 ppm (creep ductility)

S < 8 ppm (sulphur segregation)

H < 0.6 ppm (hydrogen embrittlement
during hot forming).

Lifting safety for canister with copper
thickness of 4 cm has been calculated.

This refers particularly to ultrasound
attenuation in the material and surface
finish. Specifications for microstructure
(e.g. grain size) and surface finish are
being studied.

Inspection by NDT, cleaning: possible
requirements on surface finish are being
studied.

* The requirements in KTS exceed those in the design premises and the requirement on grain size is being studied
(regarding testability by ultrasound).
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Appendix B

Abbreviations

Abaqus Finite-element computer code used for THM model calculations.

ADS Accelerator-Driven System.

AE Acoustic Emissions.

AECL Atomic Energy of Canada Ltd, Canada.

Amber Computer code for safety assessment (biosphere).

AMF Assessment flow model.

Andra Agence National Pour la Gestion des Dechets Radioactifs, France.

Apse Experiment at Aspd HRL, Aspd Pillar Stability Experiment.

ASAR As-operated Safety Analysis Report. Recurrent overall assessment of the safety in
a nuclear facility.

ATB Radiation-shielded transport cask for radioactive waste.

Baclo Cooperation project between SKB and Posiva. Development, testing and demonstration
of backfill and closure in a final repository.

BAM Bundesanstalt fiir Materialpriifung, Germany.

BBM Barcelona Basic Model. Elastoplastic model.

BET Adsorption isotherm describing adsorption in multilayers.

Bevis EU project that is supposed to propose water protection measures in the largest
archipelago area in the Baltic Sea (Aboland, Aland and Stockholm archipelagos).

BFA Rock cavern for waste on Simpevarp Peninsula.

Big Bertha Full-scale test for KBS-3H, swelling of bentonite out of supercontainer.

Biopath SKB’s computer code for radionuclide transport in the biosphere.

Bioprota International collaboration on key technical issues in biosphere aspects of assessment of
the long-term safety of the deep repository.

BIPS Borehole image processing system.

BLA Rock cavern for low-level waste in SFR 1.

BMA Rock cavern for intermediate-level waste in SFR 1.

BMT Benchmark test.

BTF Concrete tank repository in SFR 1.

BWR Boiling water reactor.

CAD Computer aided design.

Calixpart EU project. Cluster Partition, Selective extraction of minor actinides from high activity
liquid waste by organised matrices.

CBI Swedish Cement and Concrete Research Institute. Industrial research institute.

ccc Critical Coagulation Concentration.

CEA Commissariat a I’Energie Atomique.

CEC Cation Exchange Capacity.

CEN European Committee for Standardization.

CFM Colloid formation and migration project at the Grimsel test site.

Chemlab Probe for radiochemical investigations in boreholes, Aspd HRL.

Clab Central interim storage facility for spent nuclear fuel.

Code Bright Computer code for thermo-hydro-mechanical calculations.

Collage II SKTI’s colloid transport model.

Colloid Experiment in the Aspd HRL, the Colloid Project.

COMP23 SKB’s computer code for calculation of radionuclide transport in the near-field.

Compulink SKB’s computer code for calculation of radionuclide transport in the near-field (alterna-

tive to COMP23).
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Confirm
ConnectFlow
CoupModel
Crud

CTH
DarcyTools
Decovalex

DFN
DInSAR
EBS
EBW
EC
Ecopath
EDZ
EFTA
Eikos
Emras
Enresa
Equip
Erica
Esdred
EU
Europart

Eurotrans
Examine3D
FARF31

FARF33

Febex
FEM
FEP

F factor
FHA
FLAC3D
R&D
FPAR
Fracod
FSW
RD&D
RD&D-K

Funmig
Futurae

GEN-1V
GEUS
GIA

GIS

GPS
Holocene
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EU project. Cluster Feutra, Collaboration on nitride fuel irradiation and modelling.
Computer code for groundwater flow calculations.

Computer code that handles transpiration, growth and nutrient uptake for vegetation.
Chalk River Unidentified Deposits. Surface contamination.

Chalmers University of Technology, Géteborg.

Computer code for groundwater flow calculations.

International project. International co-operative project for the Development of Coupled
models and their Validation against Experiments in nuclear waste isolation.

Discrete fracture network.

Differential radar interferometry.

Engineered Barrier System.

Electron Beam Welding.

European Commission.

General ecological model package.

Excavation Disturbed Zone.

European Free Trade Association

Probabilistic modelling tool for dose calculations in the biosphere.
IAEA project. Environmental Modelling for Radiation Safety.
Empresa Nacional de Residuos Radiactivos, Spain.

EU project. Evidence from Quaternary Infillings for Palacohydrology.
EU project. Environmental Risk from Ionising Contaminants.

EU project. Engineering Studies and Demonstrations of Repository Designs.
European Union.

EU project. European research programme for partitioning of minor actinides within high
active wastes issuing from the reprocessing of spent nuclear fuels.

EU project. European project on transmutation.
Computer code for rock mechanical analyses.

SKB’s computer code for calculation of radionuclide transport in the far-field (Proper
submodule).

SKB’s computer code for calculation of radionuclide transport in the far-field that can
handle colloids.

Full-scale high level waste engineered barriers experiment, Grimsel, Switzerland.
Finite Element Method — a numerical method for solving partial differential equations.
Features, events and processes.

Transport resistance.

Future human actions.

Computer code for rock mechanical analyses.

Research and development.

Fraction of photosynthetically active radiation.

Computer code for rock mechanical analyses.

Friction Stir Welding.

Research, Development and Demonstration.

Integrated account of method, site selection and programme prior to the site investigation
phase, 2000.

EU project. Fundamental processes of radionuclide migration.

EU project. Assessment and management of the impact of radionuclides on man and the
environment.

International forum for development of the fourth generation of nuclear reactors.
Geological Survey of Denmark and Greenland

Glacial Isostatic Adjustment.

Geographic Information System.

Global Positioning System.

Current interglacial that began around 11,500 years ago.
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HRL

HTGR

HTO

HWC

IAEA

ICEM
iConnect Club

ICRP
IEMS
IKA

in situ
INE-FZK
IPCC

ISI

IRPA
ISO

ISO 14001
1SO 9001
ITU

IUR

IVA
JobFem
JRC
Kasam
KBS-3H
KBS-3 method
KBS-3V
Kd

CSI
KTH
KTL
KTS 001
KTS 002
KTS 011
LAI
Lasgit
LDF
LKO
LILW
Lot
LTDE
LTDE-SD
M3
Marfa
Matlab
MB
Micado

Micomig
Micored
Microbe

Hard Rock Laboratory.

High-Temperature Gas-Cooled Reactor technology.

Tritiated water.

Hydrogen water chemistry.

International Atomic Energy Agency.

Conference on Environmental Remediation and Radioactive Waste Management.

Integrated continuum and network approach to groundwater flow and contaminant
transport.

International Commission on Radiological Protection.

International Environmental Seminar.

Radioactive non-nuclear waste.

Latin for “in place”.

Institut fiir Nukleare Entsorgungstechnik im Forschungszentrum Karlsruhe.
Intergovernmental Panel on Climate Change.

Initial site investigation.

International Radiation Protection Association.

International Organization for Standardization.

International quality standard for environmental management systems.
International quality standard for quality management systems.

Institute for Transuranium Elements, Karlsruhe.

International Union of Radioecology.

Royal Swedish Academy of Engineering Sciences.

Computer code for thermomechanical analyses.

Joint Research Center.

Swedish National Council for Nuclear Waste.

Variant of KBS-3, horizontal deposition of the canisters.

SKB’s reference method for disposal of spent nuclear fuel.

Reference variant of KBS-3, vertical deposition with one canister in each deposition hole.
Element-specific distribution coefficients.

Complete site investigation.

Royal Institute of Technology, Stockholm.

Nuclear Activities Act. SFS 1984:3 Act on Nuclear Activities

SKB’s technical specification — Copper Ingots and Billets for Canister Components.
SKB’s technical specification — Copper Components for Canisters.

SKB’s technical specification — Nodular Cast Iron EN 1563 Insert.

Leaf area index.

Experiment at Aspd HRL, Large Scale Gas Injection Test.

Landscape Dose Factors.

Local Competence Building in Oskarshamn Municipality — Nuclear Waste Project.
Low- and intermediate-level waste.

Experiment at Aspd HRL, Long Term Test of Buffer Material.

Experiment at Aspd HRL, Long Term Diffusion Experiment (see LTDE-SD).
Experiment at Aspd HRL, Long Term Sorption/Diffusion Experiment.

Computer code for hydrochemical analyses, Mixing and Mass Balance Modelling.
Migration Analysis for Radionuclides in the Far Field.

Commercial computer code for mathematical calculations.

Environmental Code. SFS 1998:808.

EU project. Model uncertainty for the mechanism of dissolution of spent fuel in a nuclear
waste repository.

Microbial experiments in the Aspd HRL, radionuclide migration.
Microbial experiments in the Aspd HRL, redox potential.
Microbial experiments in the Aspé HRL.
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MIKE SHE
Minican
MIS 11

EIS
MKG
MOX
MX-80
Nagra
NDT

NDT Reliability

NEA
NF-Pro

Nirex

NKS

Numo

NWC
OECD-NEA
NDT

OKG
Onkalo

OPG
ORIGEN-S

P&T
Padamot
Pandora

Particle Flow Code

PARTNEW
Pass

PFC
PHREEQC
PLC

POD
Posiva
Precci

Prism
Protect

PSAR
PSI
PSS
PWR
Pyrorep
Retrock
Rex
RH
RIXS
RNR
RoCS
RD
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Commercial modelling tool used for surface hydrological modelling.
Experiment at Aspd HRL, Corrosion of canister insert.

Marine Isotope Stage 11 that lasted for about 30,000 years and occurred about
400,000 years ago.

Environmental Impact Assessment.

The Swedish NGO Office for Nuclear Waste Review.

Mixed Oxide Fuel.

Sodium bentonite from Wyoming.

Nationale Genossenschaft fiir die Lagerung von Radioaktiver Abfille, Switzerland.
Nondestructive testing.

Research programme at BAM to determine the reliability of the NDT methods.
Nuclear Energy Agency, Paris.

EU project. Understanding and physical and numerical modelling of the key processes
in the near-field and their coupling for different host rocks and repository strategies.

Nirex Ltd.

Nordic Nuclear Safety Research.

Waste management organisation of Japan.

Normal water chemistry.

Organisation for Economic Cooperation and Development/Nuclear Energy Agency.
Nondestructive testing.

Oskarshamnsverkets kraftgrupp.

Underground Rock Characterization Facility in Olkiluoto, Finland.

Ontario Power Generation.

Computer code for calculation of radionuclide content, decay heat and radiation in spent
nuclear fuel.

Partitioning and Transmutation.

EU project. Palaecohydrogeological Data Analysis and Model Testing.

SKB’s and Posiva’s modelling tool for dose calculations in the biosphere.
Computer code for rock mechanical analyses.

EU project. Cluster Partitioning, New Solvent Extraction Processes for Minor Actinides.
SKB’s Project on Alternative Systems Study.

Particle flow code. Computer code for rock mechanical analyses.

Computer code for coupled geochemistry and transport analyses.
Programmable Logic Controller, controls the mechanical parts in NDT systems.
Probability of detection.

Posiva Oy.

Research program on the long term Evolution of Spent Fuel Waste Packages, CEA,
France.

Computer code for probabilistic calculations of radionuclide transport in the biosphere.

EU project. An evaluation of the practicability and relative merits of different approaches
to protection of the environment from radiation.

Preliminary Safety Analysis Report.

Paul Scherrer Institute, Switzerland.

Pipe String System for hydrogeological measurement.

Pressurized Water Reactor.

EU project. Cluster Partition, Pyrometallurgical processing research programme.
EU project. Treatment of geosphere retention phenomena in safety assessments.
Experiment at Aspé HRL. Redox experiment in detailed scale.

Relative humidity.

Resonant Inelastic X-ray Scattering.

Experiment at Aspd HRL. Radionuclide retention experiment.

Experiment at Aspd HRL. Rock characterisation system.

Reference design.
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RVS Rock Visualisation System. Tool for geometric modelling, administration and presenta-
tion of site descriptive models.

P&T Partitioning and Transmutation.

SAR Safety Analysis Report.

SAR Synthetic Aperture Radar.

SAT Site acceptance test.

SCK-CEN Belgian Nuclear Research Centre.

SDM Site descriptive model.

SER Site Engineering Report.

SF Final repository for spent nuclear fuel.

SFL Final repository for long-lived low- and intermediate-level waste.

SFR Final repository for short-lived low- and intermediate-level waste.

SFR 1 Final repository for radioactive operational waste.

SFR 3 Final repository for radioactive decommissioning waste.

SES EU project. Spent Fuel Stability under Repository Conditions.

SGU Geological Survey of Sweden.

Sicada SKB’s database for data collected from site investigations.

Simfuel Uranium dioxide containing non-radioactive fission product elements and metal particles
similar to those in spent fuel.

Simulink Commercial computer code for mathematical calculations.

SKB Svensk Kérnbranslehantering AB (Swedish Nuclear Fuel and Waste Management Co).

SKB 91 SKB project. The importance of the bedrock for the long-term safety of the KBS-3
repository, 1992.

SKI Swedish Nuclear Power Inspectorate.

SLU Swedish University of Agricultural Sciences.

SNS Swedish national seismic network.

SR 95 SKB project, template for safety reports with descriptive examples, 1996.

SR 97 SKB project, post-closure safety of the deep repository, 1999.

SR-Can Report on long-term safety of the final repository (published by SKB in November 2006.

SR-Site Report on long-term safety of the final repository. To be prepared for SKB as a basis for
an application for a permit to build the final repository.

SSE Site sensitive emulsion.

SSI Swedish Radiation Protection Authority.

STF Safety-related technical specifications.

SveBeFo Stiftelsen Svensk Bergteknisk Forskning, Stockholm.

Swebrec Swedish Blasting Research Centre. Centre of excellence for detonics and blasting
technology at Luled University of Technology.

Swiw Single well injection withdrawal tracer test.

TBM Tunnel boring machine.

TBT Experiment at Aspé HRL. Temperature buffer test.

TDB OECD-NEA project. Thermodynamic data bases.

Tensit SKB’s computer code package for numerical calculations of radionuclide transport.

TF EBS Aspd Task Force on Engineered Barrier Systems.

TF GWFST Aspd Task Force on Modelling of Groundwater Flow and Transport of Solutes.

THM Thermo-hydro-mechanical

THMC Thermo-hydro-mechanical-chemical.

T™S Tunnel Measurement System. System for characterization of tunnels.

TOFD Time-Of-Flight-Diffraction. NDT method.

TRL Transmitter Receiver Longitudinal. Nondestructive ultrasonic testing method.

True Experiment at Aspd HRL. Tracer Retention Understanding Experiments.

TSX International project — Tunnel Sealing Experiment at URL in Canada.

TWI The Welding Institute, Cambridge, England.

TWI Topographic wetness index.
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URL Underground Rock Laboratory.

Wave Computer code for rock mechanical analyses.

VLJ Final repository for low- and intermediate-level waste (VL] rock caverns) in
Olkiluoto, Finland.

WP Work package.

WP-Cave Repository concept for geological disposal.

XANES X-ray Absorption Near Edge Structures.

XAS X-ray Absorption Spectroscopy.

XPS X-ray Photoelectron Spectroscopy.

Canister Retrieval ~ Experiment at Aspé HRL. Freeing and retrieval of canister in deposition hole in
Test a KBS-3 repository.

o radiation Alpha radiation.

B radiation Beta radiation.

vy radiation Gamma radiation.

1D One-dimensional.

2D Two-dimensional.

3D Three-dimensional.

3DEC Computer code for rock mechanical analyses.
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