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Table 2-4. Process fable for the buffer describing how buffer processes are handled in different
time frames and for the special case of an earthquake. Green fields denote processes that are
neglected or not relevant for the time period of concern. Red fields denote processes that are
quantified by modelling in the safety assessment. Orange fields denote processes that are
neglected subject to a specified condition. White fields (in the earthquake column) denoctes
processes where the authors have been unable to judge the significance of the process.

Resaturation/ Long-term after Earthquakes Notes
“thermal” period saturation and
“thermal” period

Intact canister

Bu1
Radiation attenuation/
heat generation

Buz

Heat transport

Bu3 Repository

Freezing temperature in long
term obtained from
permafrost depth
modelling

Bu4

Water uptake

and transport
for unsaturated

conditions
Bub Consider pressure The consequences
Water transport for transients of a buifer with high

hydraulic conductivity
are evaluated. Two
different cases are
studied:

the buffer acts as a
porous medium with
high conductivity
(mass loss}

the buffer is fractured
(alteration)

saturated conditions

Bug

Gas transport/

dissolution

Bu7 Loss of buffer mass is
Piping/Erosion calculated

Bus Need to also

consider deviations
in amount of huffer
initially deposited

Swelling/mass
redistribution

Bug

Liguefaction

Bu10 Consider pressure See “Water transport
Advective transport transients for saturated

of species conditions”
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Resaturation/ Motes

“thermal” period

Earthquakes

Long-term after
saturation and
“thermal® period

Bu1it
Diffusive transport
transport of species

Consider varying
groundwater
compositions

The initial thermai
gradient is considered

Consider altered
geometry {diffusion
pathways)

Bu12
Sorption (including
ion-exchange)

Not specifically
treated

Bui3
Alteration of
impurities

Not specifically
treated

Bu14
Aqueous speciation
and reactions

Bu15
Osmosis

Not specifically
treated

Not specifically
treated

Handiing of long-term
intrusion of saline
water

Bu16
Montmoarillonite
transformation

Bu17
Iron-bentonite
interaction

Bu18
Montmorillonite
colloid release

Loss of buffer mass
is calculated

See also water
transport under
saturated conditions

Not specifically
treated

Bu1g
Radiation-induced
transformations

Buz20
Radiolysis of
porewater

Bu21

Micrabial processes

Bu22 Cementation

Not specifically
treated

22
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Resaturation/ “thermal” L.ong-term after saturation Notes
period and “thermal” period

BfT14.
Osmosis

Handling of long-term
intrusion of saline water

BfT15.
Montmorillonite
transformation

BfT16.
Colloid release

- Loss of backfill is

calculated

BfT17.
Radiation-induced
transformations

BfT18.
Microbial processes

Failed canister

Bff5
Failed can. Gas transport/
dissolution

Gas release from
canister

BfT18.
Colloid formation and

Called “colloid transport”
for buffer

. Reference to cor-
responding geosphere
process

transport

BfT20.
Speciation of radionuclides

BiT21.
Transport of radionuclides
in water phase

BfT22.
Transport of radionuclides
in gas phase

2.4  Tunnel plug
2.4.1 Initial state of the tunnel plug

The plug is in itself not a barrier but it is a necessary ingredient to help the backfill in the deposition
tunnel to maintain its barrier function. The main requirements of the plug are listed below.

¢ The plug shall seal the deposition tunnel and keep the backfill in place during the operational
phase until the deposition and transport tunnels have been backfilled and water saturated, and
have regained their hydrostatic water pressure.

¢ The plug shall resist the hydrostatic water pressure at repository level and the swelling pressure
from the backfill and the bentonite seal.

¢ The plug shall limit water flow from the deposition tunnel past the plug to such an extent that no
harmful backfill erosion takes place from the deposition tunnel.

+ The plug shall not significantly impair the barrier function of the other barriers.

¢ The movement of the plug due to pressure shall be within sufficiently small to avoid a drop in
backfill density in the vicinity of the plug.

28 TR-10-47



Errata to SKB TR-10-47 2011-10

2.4.3 Summary of handling of tunnel plug processes in SR-Site

Table 2-12 summarises the handling of tunnel plug processes in the safety assessment SR-Site, as
suggested in the Process Report. In the table, the process is either “mapped™ to a model by which it
will be quantified or a brief verbal description of how it will be handled is provided. Since the initial
evolution, characterised by unsaturated conditions and elevated temperatures is in many respects dif-
ferent from the long-term, saturated phase, the description in the table has been divided accordingly.

Table 2-12. Process table for the tunnel plugs describing how tunnel plug processes are handled
in different time frames. Green fields denote processes that are neglected or not relevant for the
time period of concern. Red fields denote processes that are gquantified by modelling in the safety
assessment. Orange fields denote processes that are neglected subject to a specified condition.

Resaturation/ “thermal” period  Long-term after saturation and Notes
“thermal” period

Intact canister

Pg1
Heat transport

Pg2
Freezing

Pg3

Water uptake and
transport under
unsaturated conditions

Po4
Water transport under
saturated conditions

Pg5
Gas transport/ dissolution

Pg6
Piping/erosion

Pg7
Swelling/mass redistribution

Pg8
Advective transport of
species

Pg8
Diffusive transport of species

Pg10
Sorption

Pgi
Alteration of concrete

Pg12
Aqueous speciation and
reactions
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Resaturation/ “thermal” period  Long-term after saturation and Notes
“thermal” period

Pgt3
Osmosis

Pg14
Meontmorillonite transforma-
tion

Pg15
Montmorillonite colloid
release

Pg16
Microbial processes

Failed canister

Pg5 Failed canister. Gas
transport/dissolution

Pg17 Speciation of radionu-
clides

Pg18 Transport of
radionuclides in
water phase

2.5 Central area
2.5.1 Initial state of the central area

The central area is the assembled part of the sub-surface of the KBS-3 repository facility comprising
rock cavities for operation, logistics and maintenance. The rock cavities of the central area shall
house transfer of canisters, storage and transhipment of rock masses, buffer, backfill and closure
material, storage of equipment etc, garages and workshops, spaces for personnel and visitors and
spaces for technical gystems.

The central area will be filled with crushed rock. The following is an overview description of the initial
state of the central area (Figure 2-4). The initial state for this component is defined as the state at the
closure of the repository. A more formal and exhaustive account is given in the production line report
for the closure /SKB 2010g/. The repository part that is included in this description is the central area
at the repository level where the ramp and shafts for transporting material and personnel start.

The total volume of this area is 125,000 m?. The entire volume is filled with crushed rock from the
site. The final density and porosity will be 1,900 kg/m* and 27% (in the compacted rock fill; 100%
in the crown space) respectively. Since crushed rock is a non-swelling material there will be an open
gap of about 10 cm in the top of the central area.

2.5.2 Definition of central area variables
Each component in the EBS is described by a specified set of physical variables, selected to allow an
adequate description of the long-term evolution of the component in question in the safety assessment.

The central area is bounded on one side by the plugs separating the transport tunnels from the central
area and on the other side by the plugs separating the backfil} in the ramp and shaft from the central
area. The central area is surrounded by the surface of the rock.
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in homogeneous aqueous solutions; see e.g. /Sposito 1981, 1984, Stumm and Morgan 1996/.
Accordingly, most studies concerning surface reactions on these minerals focus on sorption, whereas
much fewer studies have been published that systematically investigate the degree of reversibility

in sorption experiments. On the other hand, the pertinent literature offers several examples where
some type of irreversibility was observed. Below, in the Model studies/experimental studies section,
several examples are examined and their relevance with respect to radionuclide sorption on clays

is evaluated. While this discussion is not based on an exhaustive review of the literature, it shows
that sorption on clays and clay-like substrates is typically found to be reversible if the experimental
boundary conditions are carefully evaluated.

Dependencies between process and buffer variables
Table 3-12 shows how the process influences and is influenced by all buffer variables.

Table 3-12. Direct dependencies between the process “Sorption” and the defined buffer variables
and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present? Handling of influence  Influence present? Handling of influence
(Yes/No) (How/Why not) {Yes/No} {How/Why not}
Description Description

Buffer geometry No {Total buffer mass is No

a parameter in the
RN-transport model)

Paore geometry

Possibly indirectly

through influence
on EBL properties

Possibly indirectly,
through influence on
EDL properties/swelling

Radiation intensity

Possibly indirectly,
through influence on
mineral properiies

Temperature

No

Influence of temperature
on sorption must be
acknowledged, but
effect is not clear

No

Water content

Indirectly through
porewater composition

No

Gas conient

Indirectly through
porewater composition

Possibly indirectly,
through influence of

(CQy) Ca-exchange on
carbonate equilibria
Hydrovariables Indirectly through Passibly indirectly,
(pressure and flows) porewater composition through porewater
composition/swelling
Stress state Indirectly through Indirectly through

influence on porewater
composition and EDL

influence on porewater
composition and EDL

properties properties/swelling
Bentonite Yes Used for derivation Yes Included in geochemical
compasition of Kq transport model
Montmorillonite Yes Used for derivation Yes Included in geochemical
composition of Ky transport model
Porewater Yes Used for derivation Yes Included in RN-transport
composition of Ky model (Section 3.6.2)
and geochemical
transport model
(Section 3.5.6)
Structural and stray  No sfray materials are indirectly through
materials assumed to be present influence on porewater
within the buffer composition and related
mineral equilibria
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Table 3-17. Direct dependencies between the process “lron — bentonite interaction” and
the defined buffer variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present? Handling of influence Influence present? Handling of influence
{YesiNo) (How/Why not) (Yes/No) {How/Why not)
Description Description

Buffer geometry Yes, through transport  Included in mass Yes, for extreme unex- Separate scenario

of dissolved species
and total buffer mass

balance

pected transformation

Pore geometry

Yes, through transport
of dissolved species
and ion equilibrium

Included in model/
expression used

Yes, by definition

Separate scenario

Radiation intensity

No

No

Temperature

Yes

Neglected, since the
reaction will occur
late in the repository
evelution

No

Water content

Yes, through transport
of dissolved species

Fulf saturation
assumed

Yes, for extreme unex-
pected transformation

Neglected, importance
is minor

Gas content

Yes, through transport
of dissolved species

Neglected, since the
reaction will oceur
late in the repository
evolution

No

Hydrovariables
(pressure and flows)

Yes, minor through
transport of dissolved
species

Neglected since

the major source of
iron is present inside
the canister

Yes, for extreme unex-
pected transfarmation

Separate scenario

Stress state

No, pressures are too
small to be significant

Yes, for extrerme unex-
pected transformation

Separate scenario

Bentonite
composition

Yes, through available
species in accessory
minerals

Neglected, due fo
small effect compared
to other sources

Yes

Precipitation of
iron phases can
be calculated

Montmorillonite

Yes, by definition

Included in model/

Yes, at extreme unex-

Separate scenarie

composition expression used pected transformation
Porewater Yes, by definition Included in model/ Yes, by definition Incleded in model/
composition expression used expression used

Structural and stray
materials

Yes, determines
availakility of iron

No iron is assumed
o be present as stray
material in buffer

(No)

Model studies/ experimental studies

Most of the published results are based on experiments were the kinetic limitations have been
reduced in some way. The most common ways to speed things up is to increase the temperature,
increase the liquid/solid ratio or to increase the reactive surface area by intimately mixing iron and
clay powders. However the experimental results are very sensitive to the conditions and hence the
results from the studies are rather scattered /Messer-Ruck et al. 2010/,

Typical experimental results are the following examples:

(i) Iron powder mixed with different bentonites in deionised water was heated at 80°C for 45 days.
Ion exchange was noticed, and also magnetite and 7 A phyllosilicate formation /Lantenois et al.

2005/.
(i)

Carbon steel (coupons and wires) in compacted MX80 bentonite was heated (30 and 50°C)

with artificial groundwater for up to 900 days. No transformation of the montmorillonite was
observed. Magnetite, hematite and goethite were identified as corrosion products. The results
were consistent with sodium to iron ion exchange of the montmorillonite /Carlson et al. 2007/,

(iii) FoCa7 bentonite was mixed with various ratios of powdered metallic iron in Evian water and
heated for 45 days at 80°C. The ratio of clay and iron seems to have an impact on the new
phases formed. SiAlFe gels were created, which matured into Fe-rich phyllosilicates (identified
as odinite or greenalite) /Perronet et al. 2008/,

130
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Variable Variable influence on process Process influence on variable
Influence present? Handling of influence Influence present? Handling of influence
(Yes/No) {(How/Why not) (Yes/No) (How/Why not)
Description Description
Temperature Yes. Maximal possible No
Microbial activity is production of sulphide
positively correlated with 2nd gas is calculated for
temperature and willbe  Digh and low tempera-
higher during the thermal tures and the amounts
period compared to produced are compared
the ambient with the amount needed
temperature period to corrode a copper
canister
Water content Yes. Maximal possible No
Decreasing water production of sulphide
availability reduces and gas is calculated for
the diversity and the all possible water con-
possihilities for microbial t€nts and the amounts
activity. produced are compared
Atth " with the amount needed
ALthe same 1ime, to corrode a capper
increasing water content canister
increase the stress state
(swelling pressure)
Gas content Yes Maximal possible Yes. Only effects on the

Microbial activity is
possible with hydragen
and methane as sources
of energy

production of sulphide
is calculated for all pos-
sible gas contents and
the amounts produced
are compared with the
amount needed to cor-
rode a copper canister

Microbial activity may
result in the production
of carbon dioxide and
methane

buffer/canister are
considered

Hydrovariables (No) Yes Neglected since the
{pressure and flows) induced gas pressure effect is very small
induces water flow

Stress state Yes. Maximal production of  No

Microbial activity sulphide is calculated for

decreases exponentially Il possible pore geom-

with increasing buffer etries and the amounts

densities and approach  Produced are compared

zero at densities above  With the amount needed

2,000 kg/m? to corrode a copper

canister

Bentonite Yes. Microbial activity can Yes. Neglected since the
composition Organic carbon can be possible.Maximal effect is very small

be utilised and several  Production of sulphide

types of commercial is calculated for the

bentenites contain bentonite in use and

viable bacteria including  th® amounts produced

thermophilic sulphate are compared with the

reducing bacteria amount needed to cor-

rode a copper canister

Montmorillonite Yes. The risk maximum Yes. The risk for illitisation

compaosition Iron reducing bacteria layer charge changs Iron reducing bacteria 18 evaluated for differ-
can use Fe(lly in smec- IS evaluated for may degrade mone- &Nt combinations of
tite as an electron accep- the bentonite used morillonite which will ~ bentonite process varl-
tor in their respiration decrease the swelling ables. Discussed in the
properties of the bentonite transformation
bentonite scenario
Porewater Yes Maximal production of  Yes Only the indirect effects
composition sulphide and gas is cal- on the buffer/canister
culated for all possible are considered
porewater compositions
and the amounts
produced are compared
with the amount needed
to corrode a copper
canister
Structural and stray  Yes No stray materials are Yes No stray materials

materials

assumed to be present
within the buffer material

are assumed to be
present within the
buffer material

TR-10-47
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Table 3-27. Direct dependencies hetween the process “Transport of radionuclides in the gas
phase” and the defined buffer variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
influence present? Handling of influence Influence present? Handling of influence
{Yes/No) (How/Why not) (Yes/No) (How/Why not)
Description Description

Buffer geometry Yes. The buffer See 3.3.3 No
volume determines the
transport

Pore geometry No. Only for dissolved No

gases. Indirectly
through stress state

Radiation intensity No . No

Temperature Yes, but the thermal Neglected No
phase will be over
before high enough
gas pressures can

be reached
Water content Yes. The process is No
assumed to ocour
only when the buffer
is saturated
Gas content Yes. The process is Yes Output from transport
assumed to occur estimate
only when the buffer
is saturated
Hydrovariables Yes. The gas pressure The pressure build up  No
(pressure and flows) will be dependent determines the time
on the hydrostatic for gaseous releases
pressure
Stress state Yes, The opening The pressure build up  No
pressure is dependent  determines the time
on the swelling for gaseous releases
pressure
Bentonite Indirectly via stress No
composition state
Montmorillonite Indirectly via stress No
composition state
Porewater Yes and also indirectly Pessimistically No
composition via stress state that neglected

affects solubility/
speciation of gases,
especially CO;

Structural and stray  No No
materials

Handling in the safety assessment SR-Site

Radionuclide transport in a gas phase is treated as a separate case in SR-Site. The handling is based
on the experiment by /Harrington and Horseman 2003/ presented in Section 3.3.3. It is assumed that

" if gas production exceeds the ability of the surrounding groundwater to take it into solution and
transport it away from the container, a pressure will build up within and adjacent to the container,
The bentonite is assumed to ultimately open and release gas when the internal pressure exceeds

20 MPa. A rapid outflow will occur until the pressure falls to 10 MPa. This means that half of the gas
inside the canister will be released instantaneously together with the radionuclides contained in that
amount of gas. The only important radionuclides that can be transported in a gas phase are C-14 and
Rn-222. Since its half-life is of C-14 is 5,568 years, neither the buffer nor the geosphere is expected
to significantly delay the transport to the biosphere. Isotope dilution in a gas phase is not considered.
Rn-222 has a very short half-life, but is always present inside the canister. Hence, delay in the geosphere
could affect the releases, but is pessimistically neglected in SR-Site.
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Table 4-9. Direct dependencies between the process “Diffusive transport of species” and the
defined tunnel backfill variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present? Handiing of influence [nfluence present? Handling of influence
{Yes/No} (How/Why not) (Yes/No) {How/Why not)
Description Description
Temperature Yes The temperature No
dependence of
the diffusivity is
not included in the
transport calculations.
The importance is
regarded as smalf
Water content Yes. Saturated conditions  No
assumed.
Gas content Yes, by affecting pore  Saturated conditions  No, but indirectly
space available for assumed. through porewater com-
diffusion position and dissolved
gases such as CQ; or
CHys, which may come
out of solution
Hydro-variables Yes. Saturated conditions  No
(pressure and flows) assumed
Backfill geometry Yes Backfill dimensions No
are included in
calculations
Backfill pore Yes Defines the magnitude No, but possibly indi-
geometry of the diffusivities rectly through influence
on porewater composi-
tion and swelling
Stress state No, but indirectly No, but possibly indi-
through pore geometry rectly through influence
on porewater composi-
tion and swelling
Backfill materials Through porewater Defines the magnitude No, but indirectly
— composition and composition of the diffusivities through influence on
content porewater composition
Backfill porewater Extent of EDL Defines the magnitude Through diffusive trans- See 4.4.4
composition depends on ionic of the diffusivities port of main constifuents
strength
Structural and stray  Indirect on the Possibly indirectly
materials geometry {through through influence on
influence on physical porewster composition
pore width)

Model studies/experimental studies

While a large number of investigations are described in the literature concerning diffusion experi-
ments in bentonite and similar smectite-rich clays (see /Yu and Neretnieks 1997/ for an overview),
much less work has been done for natural clays poor in smectite and bentonite/ballast mixtures.

Some data relevant for such materials are compiled in /Yu and Neretnieks 1997, Nagra 2002/, but no
data are available specifically for IBECO RWC-BF.

Most diffusion studies are performed as transient in-diffusion experiments. These experiments yield

D,, which is a lump-sum representation of all processes relevant for radionuclide migration, including

diffusion and sorption. This holds in particular for moderately and strongly sorbing radionuclides.
Steady-state (ar transient} through-diffusion studies, which can directly yield D and porosity, are
largely restricted to relatively mobile tracers (alkaline ions, HTO, anions) or low degrees of compac-
tion. Few attempts have been made so far to derive diffusion coefficients through semi-mechanistic

models. Some examples are discussed in Section 3.5.3 in the context of anion exclusion and enhanced

cation diffusion.

TR-10-47
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Table 4-13 . Direct dependencies between the process “Montmorillonite transformation” and the
defined tunnel backfill variables and a short note on the handling in SR-Site.

Variable

Variable influence on process

Influence present?
{Yes/No)
Description

Handling of influence

{How/Why not)

Process influence on variable

Influence present? Handling of influence
{Yes/No) {(How/Why not)
Description

Backfill geometry

Yes, determines

total mass available,
indirectly through
transport of dissolved
species

Included in evaluation

Yes at extreme -
transformation

Backfill pore geometry

No, indirectly through
transport of dissolved
species and ion
equilibrium

Included in transforma-
tion evaluation

Yas, direct
consequence

Temperature

Yes, major impact

Included in transfor-
mation expression

No

Water content

No, indirectly through

No credit taken

Yes, possible but not

transport of dissolved necessary
species and ion
equilibrium

Gas content No, indirectly through No

water content

Hydrovartables (pres-
sure and flows}

Yes, controls supply
of dissolved species
(mass balance)

Included in transfor-
mation evaluation

Yes, change in
hydraulic conductivity

Effect on hydraulic
conductivity can be
evaluated

Stress state

No, pressures are to
small

Yes, direct conse-
quence

Loss of swelling is evalu-
ated as a case with a
high conductivity backfill

Backfil materials
— composition and
content

Yes, through availabie

species in accessory
minerals

Included in transfor-
mation expression

Included in transforma-
tion expression

Yes, by definition

Backfill porewater
composition

Yes, major impact

Included in transfor-
mation expression

Yes, major impact Only effects on the back-

fill itself are considered

Structural and stray
materials

No, but indirectly
through porewater

and dissolved species.

Especially pH effects
from cement

Discussed in the
buffer alteration
scenario.

No

Adequacy of references supporting the suggested handling in the safety

assessment SR-Site

Montmorillonite alteration is one of the most studied processes in clay mineralogy and the above argu-
mentation is supported by numerous peer reviewed articles and conference papers that are available in
the open literature. The above cited ones represent only a minor fraction of what is available and the key
issues are rather the relevance and relative quality of the peer reviewed material. A literature study with
special respect to KBS-3 conditions including a validation of alteration models, especially quantitative,
was made by SKB /Karnland and Birgersson 2006/ in order to address these issues. This report may be
seen as a comprehensive exposition of the adequacy of references.

Uncertainties
The uncertainties are the same as for the corresponding bufter process {(Section 3.5.9).

4.4.8 Backfill colloid release
Overview/general description

Water uptake by the tunnel backfill material and its resultant swelling is limited by the tunnel walls,
and a swelling pressure is developed in the backfill material. Fractures intersecting the tunnel imply
that no swelling restrictions are present, and that swelling continues until a thermodynamic equilibrium
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is reached without the development of swelling pressure. This free swelling may lead to separation of
individual montmorillonite layers, or small groups of mineral layers (dispersion). The same principles
are valid for the backfill system as for the buffer (see section 3.5.11) with the following exceptions.

Deposition holes will not be placed in rock volumes with larger fractures or severe groundwater
flow. The option to fully avoid such zones may not be present in the placement of deposition tunnels.
The tunnel backfill material may thereby be exposed to more adverse conditions than the buffer
material both with respect to fracture apertures and flow rates.

The tunmel backfill material will have lower content of montmorillonite or other swelling minerals
compared to the buffer material. Colloid release leads to replacement of lost montmorillenite by
swelling of the remaining montmorillonite, which leads to a successive deterioration of the sealing
properties. In principle, high quality bentonite materials will thereby stay relatively homogeneous and
the sealing properties will decrease generally but slowly. In contrast, accessory minerals in low quality
bentonite materials may serve as a filter and prevent replacement of lost material. This potential filter
effect may reduce the loss of montmorillonite, but it may also lead to high local hydraulic conductivity
in the depleted part of the backfill. The content and the grain size distribution of the accessory mate-
rial will determine the extent of such a filter function.

Dependencies between process and tunnel backfill variables

Table 4-14summarises how the process influences and is influenced by all backfill variables and how
these effects are treated in SR-Site.

Table 4-14. Direct dependencies between the process “Colloid release” and the defined tunnel
backfill variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present?  Handling of influence? Influence present?  Handling of influence?
(Yes/No) (How/Mhy not) {Yes/No) {How/Why not)
Description Description

Backfill geometry Amount of backfill Included in modelling  Yes, at extreme Included in modeliing
present colioid release

Backfill pore geometry Yes, governs the Included in modelling  Yes, by definition Included in modelling
dispersing forces

Temperature No, negligible No

Water content Yes, by definition Included in modelling  Yes, by definition Included in modelling

Gas content Yes, no dispersion Boundary condition No

possible from
unsaturated clay

Hydrovariables (pressure Yes, groundwater Included in modelling  Yes, indirect trough  Evaluated from model-
and fiows) flow may determines pore geometry, ling results

the mass loss central impact
Stress state Yes, by definition Included in modelling  Yes, major impact Included in modelling
Backfill materials Yes, impurities may  Included in modelling  Yes, selective loss of Included in modelling
- composition and govern the ion type the montmoriflonite
content and concentrations content
Backfill porewater Yes, major Included in modelling  No, but indirectly Included in medelling
composition importance both with through pore geomn-

respect to cation etry which affects

type and concentra- the counterion

tion concentration
Structural and stray No, but indirectly Indirectly, a minor
materials through porewater effect of calcium

composition. uptake from cement

Especially concrete structures could be

may support with imagined

calcium ions
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pronounced or as good as absent with respect to radiation, and continued microbial activity will be

possible. On the other hand, the consequences of microbial activity is rather positive than negative in
this part of the repository because of the oxygen reducing and redox-lowering effects caused by most
active microorganisms.

Dependencies between process and tunnel backfill variables

Table 4-15 summarises how the process influences and is influenced by all backfill variables and

how these effects are treated in SR-Site.

Table 4-15 . Direct dependencies between the process “Microbial processes” and the defined
tunnel backfill variables and a short note on the handling in SR-Site.

Variable

Variable influence on process

Influence present?

Handling of influence

Process influence on variable

[nfluence present?

Handling of influence

(YesiNo) {How/\Why not} (Yes/No) (How/Why not})
Description Description
Backfill geometry No No
Bar;kfili pore No Growth of microbes gener- Neglected due to
geometry ate biomass that may clog  limited amounts of
pores organic carbon
Temperature Yes The microbial effects No
Most microbes have are treated with a
an ideal temperature ~ Mass-balance.
range in which they
thrive. Maximum
temperature for life is
113°C.
Water content Yes Full saturation is No
Water is needed for assumed
active life.
Gas content Yes The microbial effects Microbes both produce and  Neglected, since gas

Hydrogen and methane

can be consumed

by microbes that will
grow and produce
biomass; largest effect
is obtained if oxygen
is present. Some
microbes produce
acetate with hydrogen
and carban dioxide

are treated with a
mass-balance.

consume gases

in the backfill is of
limited concern

Hydro-variables No Yes Neglected, since

{pressure and flows) Gas pressure may lead to extent is limited
advective flow

Stress state No No

Backfill materials Organic impurities will - The microbial effects No

— composition and
content

have an effect

are treated with a
mass-balance.

Backfill porewater
composition

Microbes are sensitive
to the geochemical
situation, and may

The microbial effects
are treated with a
mass-balance.

Microbial activity may

change the composition, e.g.
by consumption of methane,

The possibility of
microbial reactions
will be considered.

sulphate and organic carbon See 3.5.14
and production of acetate,

sulphide and carbon dioxide

utilise porewater
components for growth

Structural and stray
materials

Organic parts of this
material and hydrogen
from corroding metal
will be a source of
carbon and energy for
microbes with growth
as the result.

The microbial effects
are treated with a
mass-balance.

Microbes may oxidise

organic components in this
material and hydrogen from

anaerobic corrosion.

The microbial effects
are treated with a
mass-balance. How-
ever, these materials
serve no long term
funetion
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Table 5-2 . Direct dependencies between the process “Water uptake and transport under
unsaturated conditions” in the bentonite seal in the plug and the defined tunnel plug variables
and a short note on the handling in SR-Site.

Variable

Variable influence on process

Influence present?

Handling of influence

Process influence on variable

Influence present?

Handling of influence

{Yes/No) (How/Why not} {Yes/No) {How/Why not)
Description Description
Plug geometry Yes Geometry included in~ No
the modeis
Pore geometry Yes. Via void ratio Variable in the model  (Yes) If erosion takes  See erosion
(density) and veid place (secondary
geometry effect)
Temperature Yes. Indirect through ~ Negligible Yes Wetting and Negligible

water viscosity and
hydrovariables in a
temperature gradient

drying affects thermal
conductivity

Water content

Yes. Via degree of
saturation and reten-
tion preperties

Variable in the model

Yes

Variable in the model

Gas content

Yes. Via the gas
pressure and degree
of saturation

Variable in the model

Yes

Variable in the model

Hydrovariables
(pressure and flows}

Yes. Basic variables.

Variable in the model

Yes

Variable in the model

Stress state

Yes

Variable in the model

Yes

Variable in the model

Plug materials —
composition and
content

Yes. Hydraulic con-
ductivity and retention
curve etc.

Sensitivity analyses

(Yes). If erosion takes
place (secondary
effect)

See Section 5.2.4

Porewater
composition

Yes

Controls some para-
meters in the model

Yes

See Section 5.4

Boundary conditions

Interaction with the rock: A key issue for the saturation process is the interaction between rock
and backfill. Water is conducted to the backfill in the water-bearing fractures and the rock matrix,
which means that water saturation can be both uneven and take a long time for a sparsely fractured
rock. If there is a highly permeable excavation-disturbed zone (EDZ) at the wall of the tunnel, which
distributes water from the fractures along the rock wall, the wetting will be faster and more even.
This interaction is identical to the interaction with the backfill in the tunnels.

Interaction with the other parts within the plug: The bentonite seal in the plug has a wall of
concrete beams on each side, which in turn are in contact with the drainage material and the concrete

plug. The grain size distribution and compaction in the drainage material is designed such that the filter
can collect and drain water so that the concrete plug will not be exposed to high water pressures until it
has gained sufficient strength. It is designed and verified in accordance with conventional geotechnical
procedures. When the drainage of the filter is closed a water pressure may build up and axial wetting
may also take place.

Since the plug is demanded to be water tight also before the bentonite seal is water saturated, water
flow and water pressure derived from the backfill inside the plug will be stopped and the leaking
fractures sealed by the bentonite in the seal.

Model studies/experimental studies

All studies performed on wetting are done for the backfill and the buffer (see Sections 3.3.1
and 4.2.1).
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Table 5-3 . Direct dependencies between the process “Water transport under saturated conditions”
and the defined tunnel plug variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Infiuence present? Handling of influence  Influence present? Handling of influence
(Yes/No} (How/Why not) (YesiNo) (How/Why not)
Description Description

Plug geometry Yes The process is No The process is

neglected based on
the discussion in this
section

neglected based on
the discussion in this
section

Pore geometry Yes. void ratio Negligible {Yes) If erosion takes  See Section 5.2.4
(density) and void place (secondary
geometry effect)
Temperature Yes, affects water Negligible No
viscasity
Water content Indirect through pore No
geometry (density)
Gas content No, there is no gas No
phase in a saturated
plug.
Hydrovariables Yes. Basic variables.  Negligible since very  Yes Assumed to be a local
(pressure and flows) local influence part of the tunnel
with high hydraulic
conductivity
Stress state Yes Negligible Yes Dimensioning. The

plug must be able to
withstand hydraulic
water pressure.

Plug materials ~
composition and
content

Yes. Hydraulic
conductivity

Nealigible since very
local influence

(Yes). If erosion takes
place {secondary
effect)

Neglected, since
extent is limited

Porewater
compaosition

Yes through viscosity

Negligible

Yes, from degrading
substances

Negligible

Boundary conditions

Only outer boundaries exist. There are three types of outer boundaries of the plug:

* The rock surface of the tunnel,
» The interface between the backfill and the drainage section,
»  The interface between the ouier backfill of crushed rock (or bentonite in some parts) and

the concrete plug.

Model studies/experimental studies

Only studies of buffer and backfill material have been done and special studies of the plug function
after saturation is not required.

Natural analogues/observations in nature

Not applicable

Time perspective

When full water saturation and hydrostatic pressure has been reached, which may take up to 100
years, the plug has no function. There may be a period after which full saturation in the plug and the
bentonite seal has been reached when there is still a high hydraulic gradient across the plug due to
possible very slow wetting inside the plug at dry tunnels. However, this situation is more favourable
than if the plug and the bentonite seal are not saturated and will not be further dealt with.
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CO», due to the sealing produced by calcite precipitation at the cement-water interface. An external
groundwater containing dissolved sulphate could also have a large impaet on the longevity of concrete
material /Hoghind 2001/ due to ettringite precipitation. The reason is that ettringite has the ability
10 bind crystal (“adsorbed™) water, resulting in a large molar volume of this mineral phase, which
results in cracking and mechanical deterioration of the cement paste. Chloride concentration of the
groundwater can also affect the long-term behaviour of the cement paste due to the precipitation of
Friedel salts (i.e. aluminium and calcium chlorides).

Dependencies between process and tunnel plug variables

Table 5-7 shows how the process influences and is influenced by all tunnel plug variables.

Plug geometry: The geometry of the plug affects the process by considering the total mass of
concrete and the reactive phases it contains. Therefore, the total pool of these mineral phases will
affect the geochemical evolution of the system.

Pore geometry: The solid-to-liquid ratio will affect the degradation of concrete, at higher ratios
the degradation will be slower, as a minor mass of minerals dissolved is needed to attain saturation.
On the other hand, the dissolution — precipitation of cement mineral phases can modify the pore
geometry and the total porosity of the system, and thus, modifying the degradation rate of concrete.

Temperature: Thermodynamic constants of chemical reactions are highly dependent of the tempera-
ture. However, temperatures in concrete plug are not expected to vary significantly, and therefore,

minimal effects on the geochemical processes are foreseen.

Water content: This variable will affect the dissolution of cement phases as reactions can only take
place in wetted surfaces. However, the process only considers full water saturation, as minimal
changes are expected to occur until that time.

Table 5-7. Direct dependencies between the process “Alteration of concrete” and the defined
tunnel plug variables and a short note on the handfing in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present? Handling of influence Influence present? Handling of influence
(Yes/No) (HowfWhy not) (Yes/No) {(How/Why not)
Description Description
Plug geometry Yes Plug mass considered The degradation will Plug mass considered
reduce the mass
Pore geometry Yes The solid-to-liquid Yes. Dissolution — Porosity changes

ratio is considered.

due to dissolution —
precipitation reactions
is considered.

precipitation of sofid
phases can modify the
porosity of the system.

Temperature Yes, temperature Constant temperature No
effect on thermody- assumed
namic constants,
Water content Yes, Could affect Saturated conditions Mo
concentrations assumed
Gas content No No
Hydrovariables Yes. Effect on reaction Included in mass No
(pressure and flows) rates and transport of  balance
chemical components
Stress state No No

Plug materials —
composition and

Yes, reactivity with
minerals. Cement

Included in modelting

Yes, modification of
mineral composition.

Included in madelling

content mineralogy Concrete degradation
Porewater Yes, Affecting Included in modelling  Yes, reaction with Included in modelling
composition reactivity of system minerals resuits in

components changes in porewater

composition
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Dependencies between the process and the tunnel plug variables

Table 5-8 shows how the process influences and is influenced by all tunnel plug variables.

There are two main influences from the structural material variable on microbial processes.

1.

Microbial sulphate reduction during microbial growth on plastisisers will result in sulphide. The
sulphide may accumulate as iron sulphide inside the plugs. During the open phase, oxvgen will
oxidise the sulphide and sulphuric acid can form. Local acid attacks on the concrete may occur,
This effect will diminish after backfilling on both sides of the plug, when oxygen is consumed,
but it may introduce a problem during the open phase.

Excess amounts of organic material in aquifers will trigger growth of opportunistic microorgan-
isms that will increase in numbers. Several groundwater microorganisms produce complexing
agents that very efficiently mobilise trace elements, including many radionuclides /Kalinowski

et al. 2004, 2006, Johnsson ¢t al. 2006, Essén et al. 2007, Moll et al. 2008/. Given the large
amount of added organic carbon whete grouting have been performed, it is possible that the
microbial production of complexing agents will be significant which may notably reduce the
retardation effects accounted for by the rock and the rock matrix.

Table 5-8. Direct dependencies between the process “Microbial processes” and the defined
tunnel plug variables and a short note on the handling in SR-Site.

Variable
Influence present?

Variable influence on process

Handling of influence

Process influence on variable
Influence present? Handling of influence

{Yes/No) {HowMAWhy not) (Yes/No) {How/MWhy not)
Description Description

Plug geometry No No

Pare geometry No Growth of microbes This effect is not

generate biomass that considered in SR-Site
may clog pores

Temperature Yes, microbial This effect is not No
activity increases with considered in SR-Site
temperature

Water content Yes, availbility of water Saurated conditions Mo

assumed

Gas content Indirectly through No

water content

Yes, water is needed
for growth of microbes

Hydrovariables
(pressure and flows)

This effect is not
considered in SR-Site

This effect is not
considered in SR-Site

Yes, microbes may
form methane and

and growth on hydro- hydrogen
gen and methane is
possible. Pressure is
not important
Stress state No No
Plug materiais — Yes, the content of This effect is not No

composition and organic carbon and

considered in SR-Site

sontent microbes in different

backfill clays varies
Porewater Yes, microbes are This effect is not Yes, microhial activity  This effect is nat
composition sensitive to the considered in SR-Site  may change the considered in SR-Site

geochemical situation,
and may utilise pore-
water components for
growth

composition, e.g.

by consumption of
methane, sulphate
and organic carbon
and production of
sulphide and carbon
dioxide.
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Table 6-9. Direct dependencies between the process “Alteration of the central area hackfill” and

the defined central area variables and a short note on the handling in SR-Site.

Variable

Variable influence on process

Influence present?

Handling of influence

Process influence on variable

Influence present?

Handling of influence

(Yes/No) (How/Why not) {Yes/No} {How/Why not)
Description Description
Central area geometry Yes, important from Inciuded in model- No

mass-balance point
of view, connects

to water conducting
fractures as well as to
other repository parts

ling/evaluation
(mass-balance)

Central area pore

Yes. Gives solid/liquid

Included in modelling

May be affected by

Neglected, since

geometry ratio dissolution precipita«  hydraulic conductivity
Indirectly through tion always will remain
hydraulic conductivity high

Temperature Yes, temperature Neglected since the No
effect on thermody- temperature variations
namic constants and  in the central area will b
kinetic rates. eminor

Water content Yes, reactions only Neglected, only No

take place in the
saturated domain.

saturated conditions are

considered

Gas content

No, but indirectly
through water compost-
tion by affecting content
of dissolved gases

Potentially, if a gas
phase would form

Neglected, since
the formation of a
gas phase is of no
concern

Hydrovariables Yes, determines the Included in modelling No
(pressure and flows)  turn-around rate of
water
Stress state No No
Central area materials Yes Included in modetling Yes Inctuded in modelling
— composition and
content
Central area Yes Included in modelling Yes Included in modelling
porewater composition
Structural and stray Yes Included in modelling Yes Neglected

maierials

The increase in reactive surface area of minerals and porosity will mainly affect the dissolution kinetic
rates of both rock-forming minerals and fracture-filling minerals. As the present-day groundwater at
repository depth has been interacting with all these minerals for a long period of time, increasing the
surface area of such minerals will have a minor effect on the chemical composition of the ground-
water. On the other hand, it is expected that initially, atter filling the tunnels and shaft with crushed
rock, all the void spaces will be filled with air, leading to an increase in the dissolution rate of those
minerals able to oxidise (i.e. pyrite and iron-bearing silicates). Then, the increased mineral surface
areas and the larger water-to-solid ratios will help to consume the oxygen faster, thus neutralising the

possible effect of having oxidant waters at the repository depth.

Although the dissolution — precipitation of minerals can modify the pore geometry, the high initial
total porosity is not expected to change significantly due to this process.

Temperature: Thermodynamic constants of chemical reactions are highly dependent of the tempera-
ture. However, temperatures in the central area are not expected to vary significantly, and therefore,
minimal effects on the geochemical processes are foreseen.
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Table 7-5. Direct dependencies between the process “Advective transport of species” and the
defined top seal variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present? Handling of influence Influence present? Handling of influence

{Yes/No) {How/Why not) {Yes/No) {(How/Why not)
Description Description
Top seal geometry Yes, major impact No
Top seal pore geometry Yes, indirectly Indirectly, dissolution  Neglected
through the hydraulic and precipitation reac-
conductivity. tions may increase or
Unfilled tunnel with reduce the porosity,
gaps in e.g. roof will respectively.
increase the transport
capacity
Temperature Indirectly through No
termperature induced
gradients and
hydraulic conductivity.
Freezing is of major
importance
Water content Yes, by definition No
Gas content Yes, dissolved gas is Yes, dissolved gas Neglected
fransported with flow. transported away
Indirectly through flow
properties due to gas
pressure, gas dissolu-
fion and precipitation.
Hydrovariables Yes, by definition Yes, density effects Neglected
(pressure and flows) may induce flow
Siress state No, or insignificant No, insignificant
Top seal — composition  Yes, indirectly through Yes, indirectly through Neglected
and content sarption, precipitation sorption, precipitation
and dissolution reac- and dissolution reac-
tions tions
Top seal porewater Yes, by definition Yes, by definition Neglected
composition
Structural and stray Yes, indirectly through Yes, indirectly through Neglected
materials dissolution of con- deterioration of the

crete, reinforcement
etc.

materials

Handling in the safety assessment SR-Site

The top seal is included in the hydrogeological large scale model as a feature with high hydraulic
conductivity, see the Geosphere Process Report /SKB 2010i/. This model provides the evolution of
the salinity field, but also data on the transport and mixing of water types.

Adequacy of references supporting the suggested handling in the safety
assessment SR-Site

See Section 7.2.1 Water transport under unsaturated conditions.

7.4.2 Diffusive transport of species

Overview/general description

A basic description of this process in the central area is given in Section 6.4.2 and in the buffer in
Section 3.5.3. Because of the hydraulic situation in the top seal, diffusion is of no importance in this

system part.
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Table 8-8. Direct dependencies between the process “Microbial processes” and the defined
bottom plate variables and a short note on the handling in SR-Site.

Variable

Variable influence on process

Influence present?

Handling of influence

Process influence on variable

Influence present?

Handling of influence

{Yes/No}) (How/Why not} (Yes/No) (How/Why not)
Description Description

Bottom plate No No

geometry

Concrete pore No No

geometry

Temperature Yes, microbial activity  This effect is not No

increases with
temperature

considered in SR-Site

Hydro-variables
(pressures & flows)

Yes, water is needed
for growth of micro-
organisms. Microbes
grew on hydrogen and
methane. Pressure is
not important

This effect is not
considered in SR-Site

Yes, micrabes may
form methane and
hydrogen

Limited growth is
assumed due to low
availability of water
and nutrients

Water content Yes, availbility of water Saurated conditions No
assumed
Gas content Indirectly through water No
content
Stress state No No

Materials —
composition and
content

Yes, if concrete is
added with substances
that dissolve and sup-
port microbial activity

Limited growth is
assumed due to low
availability of water
and nutrients

Yes, if acids are
produced from deg-
radation of concrete
additions

Limited growth is
assumed due fo low
availability of water
and nutrients

Porewater composi-
tion and content

Yes, if dissolved
organic components
are present, microbes
can grow

Limited growth is
assumed due to low
availability of water
and nutrients

Yes, decomposition
of organic dissalved
components may
ocour, pH may be
influenced

Limited growth is
assumed due to low
availability of water
and nutrients

Boundary conditions

The boundary condition for the process is the amount of dissolved organic compounds from the low
pPH cement and the bentonite at the interface between the copper plate, concrete, rock and buffer.

Model studies/experimental studies

Not available.

Natural analogues/observations in nature

Growth and activity of microbes have been observed at pH above 12 /Pedersen et al. 2004/.

Time perspective

Microbial processes will start when water is available. The process rates will probably be [argest in
the peripheral slot with interfaces between buffer, the copper plate, rock and concrete during a wet
oxygenic stage, before full swelling and reducing conditions occur.

Handling in the safety assessment SR-Site

In the treatment of the geochemical evolution in the bottom plate, microbial reactions need to be
considered. Production of sulphide in the bottom plate will be considered in the assessment of
canister corrosion.
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Water flow from the induced suction gradient can be estimated by identifying swelling pressure with
suction:

Vy=-vp=-2&

VT
aT
where y is suction (see Section 3.3.1). The derivative

temperatures below 0°C (see Section 3.2.2).

(9-1)
oF, has an estimated value of 1 MPa/°C for

A typical geothermal temperature gradient is 0.025°C/m and using this value together with a value
of the hydraulic conductivity of 1012 m/s, the corresponding water flux is 2.5-10 m/s or approxi-
mately 8 pm/y, which is also the estimated ice lens growth.

Table 9-1 summarises how the process influences and is influenced by all borehole seal variables and
how these effects are treated in SR-Site.

Boundary conditions

When freezing of the bentonite in the borehole seals occurs, the water in the surrounding rock will
be in ice form. Hence, transfer of water between rock and bentonite at the same level will be very
limited. The slowly varying temperatures of the rock surrounding the seals also constitute a bound-

ary condition.

Table 9-1. Direct dependencies between the process “Freezing” and the defined borehole seal
variables and a short note on the handling in SR-Site.

Variable Variable influence on process Process influence on variable
Influence present? Handling of influence Influence present? Handling of influence
{Yes/No) {How/Why not) (Yes/No) (HowAWhy not)
Description Description
Borehaole geometry Yes, determines the  Included in the No
thermal boundary assessment
conditions
Pore geometry Yes Included in the No
assessment
Temperature Yes Included in the No
assessment
Water content Yes, via freezing point Included in the Yes, If freezing takes  Neglected

and transport capacity

assessment

place redistribution

of water
Gas content (Yes) Agascontentwould No
affect the process but
the bentonite will be
completely saturated
when freezing
Hydrovariables Yes, freezing induces Included in the Yes Included in the

{pressure and flows)

water transport

assessment

assessment

Stress state

Yes, Influences the
freezing pointto a

Included in the
assessment

Included in the
assessment

Yes. Swelling pressure
affected also before

small degree ice formation
Sealing materials Yes, via the specific Included in the No
— composition and surface area assessment
content
Porewater Yes, via the specific Neglecied, effect No
composition surface area and assumed to be small

types of counter ions
Structural and stray No No

materials
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Table 9-3. Direct dependencies between the process “Water transport under saturated conditions”
and the defined borehole seal variables and a short note on the handling in SR-Site.

Variahle

Variable influence on process

Influence present?
{YesiNo}
Description

Handling of influence
(How/\Why not)

Process influence on variable

Influence present?
(Yes/No)
Description

Handling of influence
{How/Why not})

Borehole geometry

Yes, mainly by the
flow path.

Given as input data.

Yes, during swelling
since water flow into
the voids makes the
bentonite swell if there
is space available.

Included in the
mechanical model

Pore geometry

Yes, determines the
hydraulic conductivity

Included in the value
of the hydraulic
conductivity as a func-
tion of the density. The
pore geometry can be
affected by a mineral
transformation or a
change in porewater
composition.

Yes, during swelling
since water flow into
the voids makes the
bentenite swell if there
is space available.

Included in the
mechanical model

Temperature

Yes, through water
viscosity and at
temperature below 0
(see Freezing).

This will be neglected
in SR-Site

Insignificantly.

No

Woater content

Influenced via density
(pore geometry)

Determines the
hydraulic conductivity,
which is included in
the model.

Yes, during swelling
since water flow into
the voids makes the
bentonite swell if there
is space available.

Included in the
mechanical model

Gas content Insignificantly Excluded since it No
(dissolved gases) would reduce hydrau-
lic conductivity
Hydrovariables Yes, main variables. Included in the flow Yes Included in the
(pressure and flows) model flow model
Stress state Yes. If the effective Included in the Yes Included in the
stress on the bentonite mechanical model. mechanical model
deviates from the
swelling pressure the
bentenite will change
volume and water will
flow into or out from it.
Sealing materials Yes, determines the Included in the model No
— composition and hydraulic conductivity
content
Porewater Yes, determines the Included in the model  Yes Replacement of
composition hydraulic conductivity porewater is
discussed in 3.5.8
Structural and stray (Insignificant) No

materials

Handling in the safety assessment SR-Site

As illustrated by the time perspective the water flow along the holes can be neglected as long as
the bentonite remains its low hydraulic conductivity. This case will thus not be further handled
in SR-Site. If there is a risk that a large part of the bentonite will be lost or transformed to obtain
other properties, these cases must be handled. Cases with unsealed boreholes are discussed in the

Geosphere Process Report /SKB 20101/

The primary handling of these cases will be to consider how the hydraulic conductivity could vary

for the evolving conditions in the bentonite seal throughout the assessment period.
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Advective transport is of importance in the bentonite part of the borehole seals during the saturation
period. Under saturated conditions, the transport of solutes in the bentonite porewater is expected
to be dominated by diffusion, see Section 9.4.2. Advective flow will probably be significant in the
cement/sand parts of the seals in the long term perspective due to cement degradation.

Dependencies between process and borehole seal variables

Table 9-5 summarises how the process influences and is influenced by all borehole seal variables and
how these effects are treated in SR-Site.

Boundary conditions

The external boundary condition for this process is the hydraulic gradient and the concentration gradi-
ents for species across borehole seals. In principle, the difference between two fractures intersected by

a plug is of main interest, since the difference within one fracture will be insignificant on the length
scale of the borehole seal.

Model studies/experimental studies

Tield studies of borehole seals are ongoing by SKB and Posiva in Aspé and Olkiluoto.

Table 9-5. Direct dependencies between the process “Advective transport of solutes” and the
defined borehole seal variables and a short note on the handling in SR-Site.

Variable

Variable influence on process

Influence present?
(Yes/No) Description

Handling of influence

{How/Why not)

Process influence on variable

Influence present?
{Yes/No) Description

Handling of influence
(How/Why not)

Borehole geometry

The geometry of the
boreholes determines
the cross-section avail-
able for advection.

Included in model

Yas, through
dissolution/
precipitation

Of no concern

Pore geometry

Yes, dominating effect

Yes, through

Included in model

through hydraulic dissolution/
conductivity in both precipitation
hentonite and concrete
Temperature Insignificant Insignificant
Water content Yes, by definition Assumed to be Insignificant

saturated

Gas content

Yes, by reduction
of transport paths,
through dissolution/
precipitation of gas

Assumed to be
saturated

Yes, dissclution/
release of gas

Assumed to be
saturated

Hydrovariables
(pressure and flows)

Yes, by definition

Included in model

Yes, through osmosis

Advection only
considered after loss
of bentonite

Stress state

Indirectly through pore
geometry

Yes, through osmosis
in the bentonite

Advection only
considered after loss
of bentonite

Sealing materials
— composition and
content

The content of
montmorillonite is of
decisive importance
in the bentonite part.
Indirectly through
dissolution/precipita-
tion process in the
concrete part

Advection only
considered after loss
of bentonite

Yes, through
precipitation/
dissolution and ion
exchange processes

Of no concern

Porewater
composition

Yas, by definition

Advection only
considered after loss
of bentonite

Yes, by definitions

Only radionuclide
transport considered

Structural and stray
materials

{insignificant)

No
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