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KBS-3H DESIGN DESCRIPTION 2006
ABSTRACT

This document provides the status of the design description of a KBS-3H repository
design alternative as of early 2006. The design is in progress and the main objective of
this document is to provide a description of the status of the design for the safety
assessment. In the KBS-3H design alternative, multiple canisters containing spent fuel
are emplaced at about 420 m depth in bedrock in parallel, 100 - 300 m long,
approximately horizontal deposition drifts. In this report, the number of alternative
technical design solutions has been reduced from the previous design description.
Additionally, the design of some components has been developed further, most
significantly that of the compartment plug and bentonite distance blocks. This report
also summarizes the most important new research findings and highlights differences
with respect to the previous design description. Two different alternative KBS-3H
designs, Basic Design (BD) and Drainage, Artificial Watering and air Evacuation
(DAWE), which have both been assessed as being technically feasible, are presented
together with estimated groundwater inflows, sealing techniques, Olkiluoto-specific
layout and estimates of amount of residual materials. Both alternatives have still
uncertainties and the design developments to resolve these are in progress. The distance
block in the BD alternative is the design component, for which significant uncertainties
have been identified concerning buffer behaviour, design requirements and design basis.
These critical issues and related uncertainties have significant impact on the final
selection of the design, which may differ from the present understanding.

This report is a result of a joint project between Posiva and SKB. This report will also
be printed as SKB Report R-08-32.

Keywords: KBS-3H, horizontal emplacement, repository, nuclear waste



KBS-3H-SUUNNITELMAN KUVAUS 2006
TIIVISTELMA

Téssd raportissa on kuvattu KBS-3H-loppusijoitustilojen suunnitelmat sellaisina kuin ne
olivat 2006 alkuvuodesta. Suunnittelutyd on edelleen meneilldédn ja timén dokumentin
tarkoitus on ollut esittdd paras késitys suunnitelmista kdytettdvéksi turvallisuusanalyysia
varten. KBS-3H-ratkaisussa useita kiytettyd ydinpolttoainetta siséltdvid kanistereja
asennetaan kallioperddn noin 420 m syvyydessa sijaitseviin vaakasuoriin noin 100 -
300 m pitkiin rinnakkaisiin loppusijoitusreikiin. Téssd raportissa eri osien vaihtoehtois-
ten ratkaisujen midrdd on pienennetty aiemmasta. Tdmén liséksi tiettyjen komponent-
tien suunnitelmia on kehitetty edelleen, erityisesti osastoivan tulpan ja bentoniittivéli-
lohkojen osalta. Raportissa on esitetty myos kehitystyossi esille tulleet uudet tutkimus-
tulokset korostaen eroa aikaisempiin suunnitelmiin. Esitetyt kaksi vaihtoehtoista
KBS 3H-suunnitelmaa ovat BD (Basic Design) ja DAWE (Drainage, Artificial,
Watering and air Evacuation), joita pidetdidn teknisesti yhtd toteuttamiskelpoisina.
Néiden lisdksi on esitetty arviot vuotovesimdiirille, vuotojen tiivistystekniikoille,
Olkiluotokohtainen layout seki arviot kallioperdédn loppusijoituksen seurauksena jdavil-
le ylimédriisille aineille. Esitettyihin kahteen vaihtoehtoon sisiltyy edelleen merkittavia
epdvarmuuksia, joiden selvittiminen on edelleen meneilldin. Tdmin johdosta tullaan
myohemmin esittamdidn kehittyneempi ratkaisu. BD-vaihtoehdossa kiytettavi vélitulp-
pa on suunnitelmien tdrkein komponentti johon liittyy edelleen merkittdvia epévar-
muuksia. Ndmid koskevat sekd puskuribentoniitin kdyttdytymistd ettd vaatimuksia ja
muita suunnittelun ldhtotietoja. Niilld tulee olemaan suuri merkitys lopullista vaihto-
ehtoa valittaessa.

Tama raportti on myos julkaistu SKB raporttina, R-08-32.

Avainsanat: KBS-3H, vaakasijoitus, loppusijoitustilat, ydinjite



19

The total gap between the supercontainer buffer and distance block is comprised of any
separation between the supercontainer end plate and distance block face resulting from
deviations in planarity, the thickness of the any increased distance due to the use of
perforated materialgap caused by perforation and also any gap between the
supercontainer end plate and buffer inside it, see Figure 3-4.

Present plans call for supercontainer assembly in a vertical position to facilitate a
structure without any gap between the buffer blocks. The end plate will be mounted in
contact with the uppermost buffer blocks.

If the supercontainer end plate is perforated, the effective gap size will be increased by
approximately 5 mm. If the assumed acceptable target size of gap is 5 mm, this would
results in situation where the supercontainer end plate has to be absolutely planar and
there are no gaps allowed between buffer in side the supercontainer and end plate and
distance block and end plate. This is practically impossible and therefore the end plates
are to be solid plates with as high planarity (straightness) as possible. It is also likely
that the perforation will induce several other undesired processes in the behaviour of
buffer — supercontainer end plate such as piping and erosion, which can be eliminated
by making the end plate solid.

Figure 3-4. The supercontainer end plate as seen during transportation in the
demonstration drift at Aspo and in a vertical position during assembly (see hand for
scale). The largest allowed gap between distance block and steel supercontainer end
plate is assumed to be 7 mm. The total gap between buffer and distance block is
composed of gap between the supercontainer end plate and distance block face,
perforation in the end plate (increase in open volume in holes) and also gap between
supercontainer end plate and buffer inside it, which will be reduced so that buffer will
be in contact with supercontainer end plate. Photos by J. Autio.
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3.5 Drift quality

The present distance block designs in the BD alternative consider gap sizes from 0 to
10 mm between the distance block and drift surface.

The presently defined nominal gap width between the rock surface and supercontainer is
42.5 mm. In the final state, this gap will depend on the geometric tolerances (e.g.,
straightness and surface roughness) of the drift and the size of the supercontainer.
During operation the canister will be lifted and lowered stepwise, and the free gap will
be reduced to something closer to 20 mm.

The drift geometry and quality requirements in the deposition drift for demonstration at
Aspo are displayed in Figure 3-5. According to specification (see Appendix F), the
nominal drift diameter is 1 850 mm with an allowed decrease of 10 mm at a length of
300 m as a consequence of the expected wear and tear in the cutting head of the boring
machine. Additionally, stepwise unevenness and roughness were specified with
allowances up to 5 mm each.
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Figure 3-5. Drift geometry and quality requirements in the deposition drift for
demonstration at Aspo Hard Rock Laboratory.



21

Further quality requirements in the KBS-3H drift design are as follows:

¢ The maximum allowed deviation of the floor of the drift from ideal cylindrical shape
including all sources of error, is £ 5 mm over the length of the canister (6 m).

¢ The maximum allowed deviation from the theoretical centre line of the tunnel at the
end of the tunnel drift (300 meters) is + 2 meters in total (note that the deviation
requirement in Figure 3-5 differs from that), which includes all horizontal and
vertical deviation components.

¢ The maximum allowed waviness is R = + 2.5 mm for the pilot hole over the length of
the canister (6 m), see Appendix F.

¢ The maximum allowed roughness is 5 mm over a length of 1 meter.

® The deposition drift must have a positive inclination angle of 1.5-2.0 degrees; the
larger inclination is favourable for muck flushing.

The 10 mm reduction in drift diameter due to boring machine wear is the largest
diameter variation expected. Additional reduction in effective diameter is caused by
waviness and roughness, the maximum allowable deviation being +2.5 mm (total
S mm) in all directions at wavelength of 6 m or more (see Figure 3-5). A stepwise
deviation of 5 mm was defined in vertical direction. This would result in a situation
where the largest effective diameter reduction in vertical direction at the length of
300 m would be 20 mm, consisting of 10 mm diameter reduction, 5 mm waviness
reduction and 5 mm stepwise deviation. The corresponding reduction of diameter in
horizontal direction would be 15 mm, assuming that the stepwise deviation is excluded.

The corresponding smallest width of the free gap between supercontainer and rock
surface would therefore be 20 mm above the supercontainer, assuming that the feet
under the supercontainer keeps the gap below it to a constant 45 mm. The gap on the
sides would be reduced to 35 mm. The gap above the canister will become smaller
during operation when the canister is lifted 10 mm upwards. The width of the gap at the
sides will however remain. The diameter of the supercontainer has a tolerance of
+ 5 mm.

It is not possible to use a single standard size of distance block in the BD alternative due
to the drift quality specifications outlined previously. If the distance block diameter is
defined by the minimum diameter of the drift, a maximum gap distance of 5 mm will
result, depending on how the distance blocks are centralized. If a stepwise unevenness
of 5 mm is added to that, the gap will be 10 mm wide or more, which is larger than what
can be tolerated according to the present understanding system performance. In
addition, a sufficient safety margin for the gap dimension is required for robustness,
which is not possible with a universal distance block standard.

If the distance block design is based on essentially no effective gap, then surface
roughness and stepwise unevenness are not allowed and the distance block must have
same diameter as the drift. A difference of 10 mm in diameter will result in gaps
between the distance block and drift surface.

Examples of different type of surface unevenness found in the KBS-3H demonstration
drifts at Aspo are shown in Figures 3-6 and 3-7.
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Figure 3-6. Some typical types of surface unevenness in deposition drift: rifle type
grooves on the drift wall (top) and notches at fracture intersections on the floor (above).

The issues raised by drift quality can be resolved by adjusting distance block geometry
in BD alternative to each specific position or by improving the drift quality or by
combination of both. If the distance blocks are modified to each position, an accurate
3D surface model of the drift has to be measured and exact positions of each distance
block must be specified, which is in line with present plans. Before installation, the
distance blocks must be machined to within millimetre precision.
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Figure 3-7. Some typical types of surface unevenness in deposition drift: cavities on the
drift roof (top) and rims shaped grooves and a notch (above). Photos by J. Autio.

The drift quality can be improved in order to resolve the gap dimension problem. One
alternative is to smooth the surfaces and adjust the drift diameter through treatment of
the surface of the holes after excavation. This alternative can be accomplished by using
rotary boring type equipment with a finishing cutter head or by use of a novel finishing
machine. An illustration of a possible technique is shown in Figure 3-8.





