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Grouting measures in damaged rock salt
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— Motivation

When planning of drift seals was started knowledge on EDZ and contact zone was little

— grouting measures were provided, tentatively

rock salt formation
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Discussion: Grouting of (damaged) salt is ineffective!
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— Successful historical example

KALLI

UND VERWANDTE SALZE
ZEITSCHRIFT FUR DIE KALI- UND STEINSALZINDUSTRIE
. SOWIE DAS SALINENWESEN

AERAUSGEGEBEN VOM DEUTSCHEN KALIVEREIN E, V.
SCHRIFTLEITUNS BERGASSESSOR HEBERLE,

HEFT &

BERLIN - VERLAG WILHELM KNAPP, HALLE (S&ALE)

15. MARZ 1930 XXV, JAHRGANG

Joder Nachidrack aw ,EKali* it verbolea,

) Die Anwendung des Chemischen Vorfestigungsverfahrens -
bei der Abd.mhtung eines Liaugendammes und bei Schachtdichtungsarbeiten
auf dem Kaliwerk Sachsen-Weimar in Unterbreizbach (Rhén).

Von Berpassessor A, Lohmann,

Zur -Schaffung eines zweiten Ausganges war anf  Dammstiick hesteht aus elner 3 m starken Stampf-
dem der Wintershall Aktiengesellschaft gehorigen Detonschicht, avigeitiirt mit  Thuringiazement,
Kaliwerk Sachsen-Weimar in eizbach der Basaltschotter und Sand. Es folgt ein Backstein-
Durchschlag mit cinem henac en Kaliwerke mauerwerk von 1,5m Stérke. Bis hierher verlaufen
her fihren. Die Durchschlagsstrecke wurde im  die aus Steinsalzs bestehenden, gur festgemachten
Niveau cles bei 715 m Teufe liegenden Oberen St5Be parallel, Fir die Aufnahme des weiteren, aus
gers anfgeiahren hichtfolge (Fig. g0} bestem Klinkermauerwerk besonders sorgfiltig her-
gibt ither <ie geologischen Verhiltnisse Aunfschivl.  gestellten. 15m langen Dammstiickes sind die Stifie
Unvermutet und ohne vor- zur  Schaffung  maglichst
herige Anzeichen wurde nit grofer Dichtungsflachen ko-
der Strecke ecine Kiull an- nisch und pfropfenformig be-
gefalven, welche mit  Ge- arbeitet. In dem Manerwerk
steinstriimmern der iiber dem befindet sich eine 50 mm
oberen Bteinsalze lolgenden breite, unter einem Uber-
Schichten der Zechsteintone . druck  von 30 Atm, mit
und -letten wie des Platten- Fontsmadtsiein Zement vexfillte Fuge. Die
dolomits ansgeftllt war und Lavgenzofltsse zeigten vom
gesattigte’ Kochsalzlange Beginn der Abdimmungs-
fahrte.  Die Storung war arbeiten an Verinderungen
nur in Ileinem Umfange am in ibrer Zusammenssteang
rechten. Strechenstofe frei- oder Menge nicht mehr; sie
gelegt worden, auch war der betrugen rund 1,5 ] minut-
Lavgenzuflu@ infolge der an lich und flossen in einen
der angeiahrenen Stelle vor- nnd 200 m zurlckliegenden
wiegend tonigen Beachaffens Sumpd, von wo sie zum
hiit der Kluftausfillang nur Schachte godriickt . wurden
goring, 8o dal die safort Gherss diteres Retmsaie Nach Beendiguig -der
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einsetzenden Abdimmuugs- o Htilager Manrerarbeiten wurde. der
arbeiten ctwaige dem Werke ileres lleresdteinsee. . D2mm durch die Lavgen-
drohenden  Gefahren  mit eres Aelidager abflurohre mit einer Tribe

Erlolg hesedtigen konnten, " uteres dtteres sraiwsnte aus 1-Téll Thuringlazement

Wie die Fig. 51 und 52 o, Schematisches Gebirgsprofil. und 3 Teilen Lauge dmter
zeiger,  beginnt der- aul- . : - - einemDrickvoniber 40 Ati.
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Grundrifl.

(1) Cementitious grout injected into a joint during construction
(3 MPa)

(2) Cementitious grout injected using drain off pipes (4 MPa)

(3) Inefficient, increasing inflow

cingr “hibliernen Verschalwand - aufgefihrten, -im
Mittel zwei Stein starken Mauerwerk. Der Raum
#sischen dém Dammende unel -dem OrtsstoB ist mit
Ton dicht verstampft, um jedén Nachiall -des’ ge-
brichen ~ Gebirges dussuschliefén. Die Tangen-
aufliissé sind in 4 Rohren T bis IV gefalt, welche
bei den Arbeiteq dirch den D mit-
genominen wi nd.  Die Lange fand zur Her-
steliung” des  Martels Verwendung, Das miichste

Tagen trat jedoch eine Durchieuchtung der Stirn-
fliche des Demmes ein, die. sich raseh zu einer
Langénabgabe: aus den Mauer- uml  Stoliugen
steigerte, Dié Laugenabfiihrungsrohre multen von
dem eingeprebten Zement, der, wie sich heraus-
stelle, siichi abpebunden hatte, freigemacht werden,
so defl die -Lauge- wieder ungehindert  adstreten
konnte. Der bis auf 8 1 minutlich gestiegene Za-
flefl der aufgestanten Lange ging in drei Tagen aui

(4) Silica sol & compatible brine acc. Joosten using injection
boreholes (10-15 MPa)

(5) Tightness was achieved against 7.5 MPa inflow pressure
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— Conclusions from historical example

Grouting of (damaged) salt can be effective if some conditions are fulfilled.

Hints 1930:

(1) Apply high injection pressures
(2) Avoid particle filtration

(3) Select a liquid for grouting that ingresses smallest cracks and openings
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— Hydromechanical behavior of salt

Minimum effective stress [MPa]

1,E13
1

1E14
1,615
1E16
1617
1E18

1,E-19

Permeability [m?]

1,E20

1,E21

1E22

1623

1624

1E-25

—+—Asse-Seal in situ m P140-2/1 Gas  P140-2/1 Brine m P140-14/1 Gas ® P140-14/1 Brine
= P140-15/1 Gas = P1140-15/1 Brine m P140-16/1 Gas ® P140-16/1 Brine ® Kaledin SP
® Kaledin borehole = VERA SP ——Popp et al. (2007) —(a) (b)
intact/slightly damaged rock salt [Popp et al.] damaged rock salt

setting a, =1

o_. > c.=0.—-a_ P, 0. Ap=oc . -
min IOfl ij ij b IOfl ij P min IOfl
o, least principal stress component o'; effective stress component Ap Minimum effective stress

0; total stress component
o, Biot coefficient

p; pore pressure

O; unity tensor

py pore pressure

j
If the injection pressure is close to the minimum stress grouting of salt is possible!
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— Grouting Materials

Opening width s Grouting material

cavernous structures, fractures, and fault cement mortar, cement suspension, clay-
zones s > 10 mm cement suspension, artificial resin
cracks and fissures 100 mm >s > 0.1 mm* cement suspension, clay-cement suspension,

and silicate solution, artificial resin
cracks and fissures s$<0.1 mm silicate solution, artificial resin

* The limit width of very fine binder suspensions is about s = 0.05 mm.

a=10-100 mm i source: Dalmalm

10-100 mm

s

Particle based grouting materials filtrate — select a liquid for the final injection stage!
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— What else is needed

Adequate stiffness of sealing body (e. g. masonry, suitable salt or sorel
concretes) in order to restrict re-opening of cracks and fissures

Knowledge on

(1) Extent of EDZ to determine the injection area

(2) Permeability of the EDZ to select suitable grouting materials and define
necessary injection stages

(3) The rock pressure, i. e. least principal stress component to define injection
pressure and injection pressure limit (avoid hydraulic fracturing)
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—In situ tests at Niedersachsen-Riedel

injection
process

surface packer : '
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— Results — permeability to gas

0.5
-Messung KR [MPa]
-Simulation KR [MPa]
-Messung PR [MPa]
-Simulation PR [MPa]
——————————————————————————— 04
g g
= 4 = -
Y BT N SRR VA TH N A 11 N . Example:
3 , < Pressure drop at SP 6
02 ________________________________________________ \\ _________________ 02
A““M
bbbt i 4%'3_"5
0.1 - 0.1
10° 10 10° 10° 10*
Zeit [s]

Surface packer Initial permeability Final permeability m

SP 2 6.0 E-16 m? 3.3 E-18 m? 0.46 MPa
SP 4 8.5 E-15 m? 1.6 E-17 m? 0.29 MPa
SP 6 2.7 E-15 m? 32E-17m? 0.46 MPa
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— Results — core sample SP4

Front view: Daylight and ultraviolett
light

Polished section
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_ Grouting process
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— Summary & conclusions

Grouting of (damaged) rock salt is effective if

(1) High Injection pressures (close to the least principal stress component of the
surrounding rock salt) are applied — rock salt becomes permeable

(2) The sealing body shows adequate stiffness to restrict deformations due to high
injection pressures

(3) Aliquid is used in the final injection stage in order to seal smallest cracks and
crack tips

The observations & recomendations from the 1930°s were correct, however,
now we know why!
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Thank you
for your attention.
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In-Situ Acoustic Emission (AE)

Introduction

- Acoustic Emission

- Asse |l salt mine

,“\

MOnItOrlng Setup : ‘ i E;;Q:BLL@ILDER

- AE sensor arrays
- Data, waveforms

- In-situ localisation

Results, conclusion
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AE Measurements in Laboratory
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Thompson et al. 2009
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Asse salt dome: cross section South to North
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Asse salt dome: cross section South to North
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In-situ AE monitoring: waveforms
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@GMuG

- Sampling rate 1 MHz, signal frequency 1-100 kHz, time window 32 ms

- Automatic picking of P and S onsets
- Automatic event localisation
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Localised AE events: February to November 2013

Map view
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Localised AE events: February to November 2013

Map view
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Localised AE events: February to November 2013
Map view, rotated
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Localised AE events: February to November 2013
Map view, rotated
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AE clusters, device 4. Locations below roof level clipped
South-North cross section
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AE clusters, device 3. Locations below roof level clipped
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Localised AE events: February to November 2013
Map view, rotated
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Localised AE events: February to November 2013
Map view, rotated
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South-North cross section, locations below roof level clipped

AE clusters southern flank
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South-North cross section

AE clusters southern flank
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South-North cross section

AE clusters southern flank
AE cluster above
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South-North cross section
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AE clusters southern flank
AE cluster above
AE cluster northern flank
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South-North cross section, rotated
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South-North cross section, rotated

AE clusters southern flank
Jo AE cluster above

AE cluster northern flank
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South-North cross section, rotated

AE clusters southern flank
Jo AE cluster above

AE cluster northern flank
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South-North cross section, rotated

AE clusters southern flank
+ AE cluster above

AE cluster northern flank
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South-North cross section, rotated

J. AE clusters southern flank
AE cluster above

AE cluster northern flank

\§87
P

\
\)
—

I 0 T N

Joachim Philipp j-philipp@gmug.eu





Acoustic Erq,ission — Ultrasound — Microseismicity — Sensor Development - Research @
| JVW““‘““““““"’"""“““WW“WW“T T GMuG

| I
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Acoustic Emjssion — Ultrasound
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In-Situ AE monitoring, Conclusion Wwww.gmug.eu

- Applicable in active operating mines
- Localisation of very small microseismic events

- Highest sensitivity compared with common
microseismic methods

- Ability to monitor rock volume far from sensor array,
distance > 150 m

- Clusters of AE events show ongoing deformation
processes and damaging processes

- New insights for safety assessment
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In-Situ AE monitoring, Conclusion Wwww.gmug.eu

- Applicable in active operating mines
- Localisation of very small microseismic events

- Highest sensitivity compared with common
microseismic methods

- Ability to monitor rock volume far from sensor array,
distance > 150 m

- Clusters of AE events show ongoing deformation
processes

- New insights for safety assessment

Thank you for your attention

Joachim Philipp j-philipp@gmug.eu










Improved crushed salt/clay backfill

Experiences from the seal concept
Shaft “Saale” - Teutschenthal mine

T. Popp, D. Weise, K. Salzer & W. Minkley
Institut fiir Gebirgsmechanik GmbH, Leipzig, Germany

In collaboration with W. Kudla, M. Gruner, D. Freyer (BA Freiberg)
and K. Manz (GTS Teutschenthal)

Outline

= Background

Teutschenthal mine (hazardeous waste repository)
Long term sealing concept of the shaft “Saale”
Construction materials:

= MgO-concrete

= Crushed salt / clay mixture

= Lab investigations - approach / resulits
Compaction / strength behavior
Permeability

= Summary
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IfG GmbH Leipzig

MECHANICAL BEHAVIOR of SALT VIl
May 26 - 28, 2015 « Rapid City, SD USA

Overburden

Gravel
(until 380 m)

AS;F’tpc"t't Crushed salt/
Aller Rock salt S clay

Leiepisnl (compacted)
seal

681,8
Boundary anhydrite
682,3

698,5
Pegmatite-anhydrite
700,8

Compacted
bentonite

Red Salt-Clay

7121

Leine Rock salt MgO-Concrete

MgO-Concrete

MgO-Concrete monolith

746,2
Brine surface





An unusual shaft seal project - ,Shaft Saale“

0 1 2 3 4 5km
mining area 9§ 7 . bl L1 - _ Overburden Gravel
Saizminde @0 | . . T TR = . — 6818 (until 380 m)
i balle Noustadt ‘\Q;\ - Boundary anhydrite
2 A

6823

\ mining area “|[Shaft Saale | - B
x\Teutschenthal 3 / . .
‘e ( g0 d
2 & urstd, ./ (J Halle
mimhg area

S Crushed salt/

-l 1916
Teutschenthal (\\/\J bt Aller Rock salt Abut_ment clay
rock burst 1996 R _\’&\\ (compacted)
underground :( AR
storage area ‘ /((A‘\“-;
Due to the risk of rock-bursts backfill measures with Red Salt-Clay Compacted

bentonite

hazardeous waste are performed, but, therefore, a
long-term safe closure of the mine is required.

7121

= Current situation of the ,Shaft Saale“

® Allready sealed by a clay plug in the overburden
in 1983 = not a long-term tight seal

@ No access to the lower shaft end
@ Brine surface at around 746 m in the shaft,

Leine Rock salt MgO-Concrete

MgO-Concrete

=>» brine pressure in the mine

MgO-Concrete monolith

746,2
=» water bearing layers in the overburden (the Brine surface
. . . Constructed 1910 — 1912
sealing will not discussed here) Depth 826 m
IrG Institut fiir Gebirgsmechanik MECHANICAL BEHAVIOR of SALT VIII
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Construction materials

Demands

Strength
e.g. abutment

Long term
stability
Geochemical !
compatibility with Material
i the host rock .
Tightness S HOSEIOE behaviour
e.g. Sealing e.g. heat
| . development
clement Technical during setting,
Workability shrinking

e.g. site concrete,
shot concrete,

pre-consolidation

© A universal toolbox of construction
materials is available
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Construction materials

Demands

Long term
stability
Geochemical
compatibility with
Tightness the host rock
e.g. Sealing
element Technical
Workability

e.g. site concrete,
shot concrete,

pre-consolidation

Strength

e.g. abutment

Material
behaviour

e.g. heat
development
during setting,

shrinking

© A universal toolbox of construction

materials is available
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Gravel
(until 380 m)

Overburden

681.,8
Boundary anhydrite
682,3

Aller Rock salt

- salt / clay

Compacted
bentonite

Red Salt-Clay

7121

MgO-Concrete

Leine Rock salt

MgO-
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MgO-Concrete monalith |
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Brine surface





MgO-concrete: Magnesium-oxide material - compositions

Inflow of MgClI,
bearing brine

3-1-8
3 Mg(OH), - MgCl, - 8H,0

5-1-8
5 Mg(OH), - MgCl,, - 8H,0

' MgO + MgCl,

Binder +
Long term stable aggregates Meta-stable

mineral phase Strength Technical mineral phase
Workability
MgO-reactivity,

Tightness

rheology
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MgO-materials - strength

180
j >A1l
i . A1 -ESA aus TZF
160 ’; |:| s A1LT20 3-1-8 composition
C *  A1_T60 .
& 104+ L CE At 190 ‘ with rock salt
% C L ‘ S;EZTUZD 514A1-20/QD/10.18 | aggregates
": 120 DBM2_T60
o] [ © DBM2_T90 (2) > DBM2 (Bz)
3 100 Fo ) © DBM2_T90
E e ® DBM2_T120 (2) 3-1-8 compos:tlon
» 80 & v e T with Microsilica u.
B i A CH:TQD anhydrite
é 60 r A T A €32.T90(2)
R 4 C3_T120
o X s caTzn2 »C3 -binder /
= D4_T20
i @ D4_T20I concrete
20 | = T 3-1-8 composition
m  D4_T120
with quartz-aggr.
0 f i i f ; ;

0 2 4 6 8 10 12 14

Confining pressure c3; (MPa) D4 (MB10

concrete - CARLA)
5-1-8 composition
% . with Gravel/sand
5071;50007,5] aggregates

© MgO0-materials have favored
construction properties:

» Strength / Tightness (not shown here)
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Crushed salt consolidation: material and testing

= Use of additives : humidity/clay
© Improvement of the compaction
© Reduction of permeability

= 85 % crushed salt:

= maximum grain size: 32 (4) mm
= 15 % Friedlander clay
= Water content: 4,5%

Through fraction (%)

» Pre-compaction to a specific 5
porosity of around 15% = o1 om o1 1 w00
in situ-consolidation state A A ey

Source: BA Freiberg

. . W .
Densityqy Densitywet c:::r Porosity Saturat.

Sample

. . fy [8/cm®] 1 [8/cm’] n [% s[%]
Investlgatlon program - w [%]
. . . 476/SV1 1,97 206 45 135 54,2
= Stress-controlled isostatic compaction tests /
- _ 476/SV2 1,94 203 45 148 490
= Triaxial strength testing 476/SV3 1,93 2,02 45 151 478
= Gas permeability at isostatic compaction 476/SV4 1,93 201 45 153 46,9

= Brine permeability during isostatic creep test 476/SV5 1,94 202 45 149 486

. . 476/SV6 1,93 202 45 152 473
Shear tests on backfill / rock salt interfaces /
476/SV7 1,96 205 45 139 527

476/SV8 1,93 2,02 45 150 48,1

IrG Institut fiir Gebirgsmechanik MECHANICAL BEHAVIOR of SALT VIII
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Compaction of crushed salt / clay aggregates

18 | | | | Isostatic
] i7ermea compaction in a
16 4N\ e e I . P p
] j | triaxial Karman-
e N o ~_ cell
T AN e —
2 0] N « . ooime/s
» 1 | | | AV/V = f (o)
° i
- 5 1 e e
(o] ]
o ]
— 6 eSO
g
| o 44 : S ——— 14
i ‘ 9,00005 MPa/s & 20 MPa / 111h uhloading
2 7 rrrrrrrrrr 12 . e
1 9 N
0 ‘ i i ‘ - 10] e
0 5 10 15 20 g g
< g
Axial stress o4 = confining stress c; [MPa] o i
8 o
§ ] o2
. . . . S8
© Fast and efficient, time dependent E 4] M
compaction until the order of the fluid filled e .7 — vt e
pore space ’ — eroe-nueopturen
UI. I5 1|0 . I1l5.” 202|5

Axial stress o, = confining pressure o; [MPa]
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Deformation behaviour of crushed salt / clay aggregates

35,0
© 30.0 : [o3 =10 MPa
o ™ -
= 1 /
T 250 - ,
2 1 / — 476/1 TC2
g 20,0 : — 47613 TC10 |-
E 5| / 476/7 TC2
® 150 7 r
2 ol T [l
S 100 - _
ol 1 ot ans
> ]
§ w0/
0,0 +

0,0 10,0 20,0 30,0 40,0
Axial strain g, ( %)

80,0

S
S
(=]
Q
[=)]
c
©
=
(5]
[:H]
£
o e 5, =10 MPa |
>
-7,0
-8,0 - ____
0,0 10,0 20,0 30,0

Axial strain g, ( %)

70,0

60,0

50,0

40,0

30,0

Strength o, [MPa]

20,0 ___:'_.7__—,1-.._

100 | .~ -="§

#  Onset dilatancy
B Triaxial strength

Strength rocksalt

it Dilatancy boundary rock salt

cp; = 1,8 MPa, ¢p; = 29°

0,0 2,0 4,0

6,0 8,0 10,0 12,0

Confining pressure o, [MPa]

[ ]I Institut fir Gebirgsmechanik
IfG GmbH Leipzig

MECHANICAL BEHAVIOR of SALT VIl
May 26 - 28, 2015 « Rapid City, SD USA

Deviatoric
deformation in a
triaxial Karman-
cell

G4 > O3
Ac =f(g))
AV/V =1 (g))

© The overall deformation is
dominated by compaction:

* At low pressures onset of
dilatancy corresponds to the
rock strength but the general
strength is low

¢ At higher pressures
(compacted state) strength
increases and more or less
plastic behaviour dominates





Gas-permeability of crushed salt / clay aggregates - Short term test

Gas permeability

testing
16 1,0E-14
= stress
14 » — gas p.ressure . 1.0E-15
porosity
+ permeability

12 |% - 1,0E-16 ='~E
© — 2
a S 0 | e S 1,0E-17 E
w0 *» o
8L > 8 - 10e18 £
v 20 T Pore pressure Q

N o L 4 | . 1
285 & . effect ! 10E18 & © Compaction of the sample
o] o . et
£ ‘ ¢ - Al N\ 0 results in a significant
2O 4 -~ 10E20 T permeability reduction, but
=
, $ | oes = ® 2-phase flow effects, i.e. a
’ capillary pressure threshold,
o || 40g2 can not be excluded.
0 24 48 72 96

=> Gas flow measurements are
not representative to describe
the hydraulic behaviour

Time [hours]
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Brine-permeability of crushed salt / clay aggregates - Creep test

Stationary s
20 -+ 1,0E-15 . 1
g Darcian ‘ ~
° , Fluid flow 9
* | — — isotropic stress >
16 *: oc =1 MPa 1 — — fluid pressure ’; 1,0E-16
5 =0,6 MPa | poresy ;
E E'—' 14 PY Porine v ] « permeability i
=== !
—— - 12 - ! t 1,0E-17 t'E'
202 : o =2 MPa = n-Al
230 10 | k =
E39 ! 2 Qs
w B o . | i = A-Ap
oo * Py | s fl
.g 2 ‘6 hd ’““m ; E E
62" & e’ o E
= : * F .:.
4. Lo, o - M0E9 Z
! o MaR R ¢ (s
e A v -S4
_______________ 1 e * L
_______________________ e
0 ‘ ‘ ‘ ‘ . 1,0E-20
0 10 20 30 40 50 60
Time [days]

© Saturation of the sample results in enhanced
compaction at low pressures

© Compaction creep is accompanied with a
drastic permeability decrease until the order of
1020 m2, despite a remaining porosity of 8%
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Crushed salt / clay mixture: Hydraulic properties

1,0E-14 .

k=1,6-102 - n1

1,0E-15

k =2,0-10% - n'*

1,0E-16

k=1,0-104 - n'®

1,0E-17

1,0E-18

© Low initial permeability in
the saturated state: lower
than for pure crushed salt

Permeability k [m?]

1,0E-19

© Permeability for
brine < gas: Reasons?

1 10 100
Porosity n [%)]

1,0E-20

1,0E-21
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Proof of the long term safety - hydro-mechanical calculations

= Usability of the designh concept Considered

= Prevention of water inflow to the mine S
« Convergence-
= Prevention of outflow of contaminated fluids induced ompaction
from the waste of the sealing P ca
elements - Z)pMPé
= Stability against hydro-mechanical loading, - Water saturation of

i.e. no collapse or loss of integrity tef;grgggttcggg sgaling

Development of
swelling pressure

* In the crushed salt /
clay element
decrease of the
permeability due to
associated
compaction and
healing processes

Saturation

[1

Hos DE1A DE 1A e

» Change of the load
support from the

1 1
1
Mgo- oL ooon heloadl ’ lower abutment to il w i
44 the upper sealing v v
, (abutment) elements
DE1B DE 18 PEAB S
t=100 =500 t=;i;tr’£0 Pbottom Ca_T T T
years years y 18 MPa
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Lessons learned

» A tool box of possible construction materials -
according to the demands - is available

» Complementary sealing elements (e.g. Bitumen,
crushed salt) = efficient long term seal of shafts
» MgO0-concretes are well proven construction materials
in salt formations
»  Wetted crushed salt / clay mixtures (85:15) have
favored backfill properties:
The backfill resistance is low = easy in situ-
consolidation
Low initial permeability: 1015 - 1016 m?
(pre-compacted: ca. 15% porosity &).

©
©
© Compacted wet material (porosity & = some few %) has
a permeability in the order of 1020 m2,

@)

What happens in the long-term with the remaining
brine (ca. 4.5 %) in the sealing plug?

> Experiences from conventional shaft sealing
concepts (during decomissioning projects)
give valuable input for sealing concepts in
nuclear waste repositories
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Shaft condition 20.05.2004 © Lars Baumgarten

07/2013 Pre-studies (i.e. safety proof) finished
in 2013/14  Technical execution planning

until 2015/16: Re-opening of the shaft
2018 — 2020 Installing of the improved shaft seal
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