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KBS-3H Reference Design

Copper canister in supercontainer Supercontainer Drift plug
Compartment plug Filling block Distance block

Pellet filling

Deposition niche
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300 m

» Horizontal drift up to 300 meters long

* The drift is divided into two compartments
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KBS-3H Reference Design

Copper canister in supercontainer Supercontainer Drift plug

Compartment plug Filling block Distance block Pellet filling Deposition niche

~15-25 m
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Schematic illustration of the DAWE filling procedure in the outer
section, the inner is already filled with water.
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KBS-3H Key Components

« Supercontainer -

. - Supercontainer Section
 Distance Blocks

* Filling Blocks
 Transition Blocks

- Filling Components
 Pellet Filling

* Drift End Components
« Compartment Plug

* Drift Plug
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Key Components — Supercontainer

End plate

Supercontainer with copper canister, \
bentonite buffer and perforated Titanium shell —

s Bentonite
block

Bentonite rings

Copper canister

_______—— Bentonite block

R

o
Perforated Titanium shell




Key Componenets — Distance/Filling Blocks

Bentonite blocks equipped with
feet to enable transport
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Key Components — Compartment/Drift Plug




Deposition Equipment

Slide plate \ Lift pallet,  Radiation shield .
\“‘ \ N

Actuator ,
Drive wheels / W

Water tank |

/
Movable ballast Cable reel

The development and demonstration of the deposition
machine was included in the ESDRED program
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Deposition Equipment — Transport Principle
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Water cushion
technology with
step wise
movement




KBS-3H Deposition Equipment

» Setup of the equipment at Aspo -220 level
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Installation and Closure — Main Steps

* Preparation of Drift

* Filling and Closure First Compartment

* Filling and Closure Second Compartment
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Flow Chart — Main Activities

Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

v

‘ Rock Characterization

Preliminary Layout of the drift all
componenets

‘ Final Excavation of Niche ‘

v

Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

Post Grouting
Mega Packer

Filling of possible outbreakes
ion of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Installation of Air Evacuation
Pipe Inner Compartment

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

h 4
Emplacement of Distance
Blocks

Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

Removal of Air evacuation and
water filling pipes

tightness

I

Confirm initial state regarding ‘

Filling Second
Compartment

Installation of Air Pipes
QOuter Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Blocks

v

‘ Deposition of Supercontainer ‘

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

h 4
Emplacement of Distance
Blocks

Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

v

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

‘ Final Excavation of Niche ‘

v

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

A
Post Grouting
Mega Packer

Filling of possible outbreakes
Installation of spray/drip shields

‘ Excavation of Notches for Plugs ‘

Installation of Fastening Rings
Compartment Plug, Drift Plug

Installation of Air Evacuation
Pipe Inner Compartment

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

s

‘ Deposition of Supercontainer 3

\ 4
Emplacement of Distance
Blocks

A
Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness

Filling Second
Compartment

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer

Emplacement of Distance
Blocks

v

! Deposition of Supercontainer

Emplacement of Distance
Blocks

A

Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




reparation of Drift
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Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

v

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

‘ Final Excavation of Niche ‘

v

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

Filling First
Compartment

I Post Grouting I

Mega Packer

Filling of possible outbreakes
Installation of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Installation of Air Evacuation
Pipe Inner Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer

h 4
Emplacement of Distance
Blocks

A
Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness

Filling Second
Compartment

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

§ Deposition of Supercontainer

h 4
Emplacement of Distance
Blocks

v
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




Preparation of Drift — Post Grouting

Drift
/

Mega-Packer

Post grouting
with Silica Sol



Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

s

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

‘ Final Excavation of Niche ‘

s

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

v
Post Grouting
Mega Packer

Filling of possible outbreakes

Ir ion of spray/drip shields

I Excavation of Notches for Plugs I

Installation of Fastening Rings
Compartment Plug_, Drift Plug

Pipe Inner Compartment

‘ Installation of Air Evacuation ‘

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Blocks

v

§ Deposition of Supercontainer 1

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

water filling pipes

Removal of Air evacuation and ‘

Confirm initial state regarding
tightness

Filling Second
Compartment

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

Emplacement of Distance
Blocks

A
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




reparation of Drift — Notches for Plugs




Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

s

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

‘ Final Excavation of Niche ‘

s

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

v
Post Grouting
Mega Packer

Filling of possible outbreakes

Ir ion of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Installation of Air Evacuation
Pipe Inner Compartment

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Blocks

v

§ Deposition of Supercontainer 1

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

water filling pipes

Removal of Air evacuation and ‘

Confirm initial state regarding
tightness

Filling Second
Compartment

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

Emplacement of Distance
Blocks

A
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




Preparation of Drift
Installation of Air Evacuation Pipe




Assembly of Supercontainer
(Reloading Station)

* Reloading Station.mp4
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Reloading Station.mp4

Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

s

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

y

‘ Final Excavation of Niche ‘

s

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

v
Post Grouting
Mega Packer

Filling of possible outbreakes

Ir ion of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Pipe Inner Compartment

‘ Installation of Air Evacuation

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Blocks

v

§ Deposition of Supercontainer 1

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

water filling pipes

Removal of Air evacuation and ‘

Confirm initial state regarding
tightness

Filling Second
Compartment

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

Emplacement of Distance
Blocks

A
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




lllustration of Installation




Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

s

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

y

‘ Final Excavation of Niche ‘

s

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

v
Post Grouting
Mega Packer

Filling of possible outbreakes

Ir ion of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Pipe Inner Compartment

‘ Installation of Air Evacuation

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Blocks

v

§ Deposition of Supercontainer 1

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

Emplacement of Transition
Blocks

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness

Filling Second
Compartment

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

Emplacement of Distance
Blocks

A
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




Installation of Plug




Installation of Plug and connection of pipes




Estimation of installation time

« Main objective is to fill and seal the compartments as fast
as possible. The overall time to fill and seal a compartment
depends on a large number of activities that are constantly
repeated. The assumptions that have been used are listed
below and shows the minimum installation time.

— All emplacements in one compartment will be carried out in
continuous operating shifts and that there are no restrictions in the
supply of SC and DB/FC.

— The evaluation has been performed assuming the maximum
amount of SC in each compartment according to the result from the
layout adaptation, no lost sections in the drift.

— As a maximum canl6 SC’s be installed in the first compartment
and 14 SC’s in the second compartment assuming a 300 meter
long drift with two compartments of each 150 meter.
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Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

s

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

y

‘ Final Excavation of Niche ‘

s

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

v
Post Grouting
Mega Packer

Filling of possible outbreakes

Ir ion of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Pipe Inner Compartment

‘ Installation of Air Evacuation

Filling First
Compartment

Filling Second
Compartment

v
Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Blocks

v

§ Deposition of Supercontainer 1

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

Emplacement of Transition
Blocks
]

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

water filling pipes

Removal of Air evacuation and ‘

Confirm initial state regarding
tightness

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

Emplacement of Distance
Blocks

A
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




Deposition Sequence

Transfer of transport tube with
SC and sutup in niche

v

Transfer of Deposition Machine
and setup in niche

v

Preparation of Deposition
Machine

v

Deposition of SC

v

Retrieval of Deposition Machine
from niche

v

Retrieval of the transport tube
from the niche

v

Transfer of transport tube with
DB/FC and setup in niche

v

Transfer of Deposition Machine
and setup in niche

v

Preparation of Deposition
Machine

v

Emplacement of DB/FC

30 min

30 min

30 min

Varies depending of distance, mean velocity for transportation of SC
1.2 m/min, mean velocity for retrieval of machine 6 m/min

30 min

30 min

30 min

30 min

30 min

Varies depending of distance, mean velocity for transportation of
DB/FC 1.8 m/min, mean velocity for retrieval of machine 6 m/min
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Prep of Drift

Excavation of small Niche for
pilot hole drilling machine

‘ Pilot Hole Boring ‘

s

‘ Rock Characterization ‘

Preliminary Layout of the drift all
componenets

y

‘ Final Excavation of Niche ‘

s

‘ Reaming of Drift ‘

Prep for deposition machine
(docking flange etc)

‘ Rock Characterization ‘

v

‘ Inflow Measurements ‘

Final Drift Layout
All components

v
Post Grouting
Mega Packer

Filling of possible outbreakes

Ir ion of spray/drip shields

‘ Excavation of Notches for Plugs

Installation of Fastening Rings
Compartment Plug, Drift Plug

Pipe Inner Compartment

‘ Installation of Air Evacuation

Filling First
Compartment

Installation of Filling components
Pilot hole

Emplacement of End Block and
Distance Blocks

‘ Deposition of Supercontainer ‘

Blocks

v

§ Deposition of Supercontainer 1

‘ Emplacement of Distance ‘

Emplacement of Distance
Blocks

Emplacement of Transition
Blocks
]

Filling Second
Compartment

Installation of Collar and Water
Filling Pipes

Installation of Cap Compartment
Plug

Post grouting (injection) around
fastening ring

Closing of drain in collar ‘

Filling of Pellets Behind
Compartment Plug

Water Filling
First Compartment

water filling pipes
I

Removal of Air evacuation and ‘

Confirm initial state regarding
tightness

Installation of Air Pipes
Outer Compartment

Emplacement of first Transition
Block (slice)

Filling of Pellets Infront of
Compartment Plug

Emplacement of remaining
Transition Blocks

Emplacement of Distance
Blocks

v

‘ Deposition of Supercontainer ‘

Emplacement of Distance
Blocks

v

Deposition of Supercontainer

Emplacement of Distance
Blocks

A
Emplacement of
TransitionBlocks

Installation of Collar and Water
Filling Pipes

‘ Installation of Cap Drift Plug ‘

Post grouting (injection) around
fastening ring

‘ Closing of drain in collar ‘

Filling of Pellets Behind Drift
Plug

Water Filling
Second Compartment

Removal of Air evacuation and
water filling pipes

Confirm initial state regarding
tightness




Closure — Installation of Plug and Water
Filling Pipes

Installation of plug collar 480 min
Installation of water filling pipes
and connection of air evacuation 120 min
pipe
A
Installation of plug cap 480 min
Installation of pellet equipment 120 min
Filling of pellet 60 min
Grouting around fixing ring 240 min
Connection of water supply 120 min
Filling of water 480 min
Closing of valves and removal of .
pipes 30 min
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Time Estimation

Accumulated time to fill and seal the inner compartment of a 300 meter long drift

12

10

Days
»

0
140,00 160,00 180,00 200,00 220,00 240,00 260,00 280,00 300,00

Drift lenght




Time Estimation

Accumulated time to fill and seal the outer compartment of a 300 meter long drift

0 20 40 60 80 100 120 140 160
Drift lenght




Operation and Personal Safety

« The small diameter of the drift makes it difficult to
carry out correcting actions.

« Main operational risks is conseguences of malfunction
of the deposition equipment including fire.

« Main personal risks during deposition work are mostly
connected to the installation of compartment plugs.
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