Supplement of Saf. Nucl. Waste Disposal, 2, 109-111, 2023
https://doi.org/10.5194/sand-2-109-2023-supplement SaND

© Author(s) 2023. CC BY 4.0 License. Safety of Nuclear

® Waste Disposal
Open Access
Supplement of

Compaction of crushed salt for safe containment — a summary of the
KOMPASS projects

Larissa Friedenberg et al.

Correspondence to: Larissa Friedenberg (larissa.friedenberg @ grs.de)

The copyright of individual parts of the supplement might differ from the article licence.



B S

Compaction of Crushed Salt for Safe Containment

A summary of the KOMPASS projects

L. Friedenberg, O. Czaikowski, K. Jantschik, J. Wolf ?S

Ch. Lerch, M. Rahmig, N. MUIIer-Hoeppe TEc
B. Laurich, K. Svensson, K. Zemke, A.-K. Gartzke, W. Liu, J. Thiedau, S.Beese, R. Eickemeier BGR &,
J. Bartol COVRA..

Institut fur Gebirgsmechanik GmbH

T. POpp, Ch LUdellng, O Rabbel, D Naumann, Ch ROIke Untersuchung-Priifung-Beratung-Begutachtung

B. Reedlunn, J. Bean, J. Coulibaly, M. Mills, E. Matteo | Sandia National Laboratories

U. Dusterloh, S. Lerche, N. Saruulbayar TU Clausthal

Ch. Spiers, H. J. P. de Bresser, S. Hangx, B. van Oosterhout £59 Uiaenicy



Outline

1. The Origin
2. Evolution of the KOMPASS projects

3. Experimental studies
4. Microstructural investigations

5. Numerical modelling

6. Conclusion & outlook

KOMPASS projects, L. Friedenberg (GRS), SafeND 2023, Berlin 15.09.2023 2



1. The Origin

» |nvestigations on crushed salt have been performed during the last decades
» Focus on the mechanical evolution
» Crushed salt as stabilization for the host rock
= |mportant paradigm shift in repository design with the Site Selection Act (2017)
» Shift from limited release to safe containment
» Crushed salt as geotechnical barrier
» Focus on the evolution of hydraulic properties

Crushed salt as New Safety Site Selection Act Crushed salt as
stabilizing backfill requirements (BMU) I geotechnical barrier
~ 1980 30t September 2010 5th July 2017 today

Ref: Korthaus, Callahan, Hansen, Hunsche, Spiers, Stuihrenberg, WIPP Site, Asse mine, Gorlegebn mine...
DAEF state-of-the-art report (2017)

~=P Need for future R&D work
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2. Evolution of the KOMPASS projects

KOMPASS- ~ mm)p  KOMPASS-I  mmp  MEASURES
09/2018 — 08/2020 07/2021 — 06/2023 XX/2024
> Improve scientific database behind using crushed salt for long-term

Isolation of high-level nuclear waste

> Improve prediction of crushed salt compaction process

> Work with relevance for long-term safety of HLW repository in rock salt

In-situ

REV s
Micro ) JT..... A W

Microstructural Numerical
investigations strategies

5 s
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3. Experimental studies — The KOMPASS reference material

Aim: Choice of an easy available & permanent reproducible crushed salt material for generic
investigations (also beyond the projects)
» Stal¥furt-sequence in a bedded Zechstein
» Optimized grain size distribution
§‘ 804 e B6 4 pe] ! //
< 701 - B8 b !
% gg: ' E-‘? f . 4 / gy 7. Tab. 4.1  Grain size fractions in the raw salt material and the optimized mixture
© 40 /! (Iav'racﬁon, / / /
o 30 {— not considered : : Grain size dis- Optimized
| Material-fraction dso m
£ 20 = 2 tribution ds-dss mixture
L s — e ——apy P [mm] (mm] | [ | [wt-%]
= 0 10% 10" 10° 10’ Uberkorn (UK) — oversized grains 3-10 6.03 3.44 =
Grain size (mm) Band 6 (B6) — production line 6 04-4 1.90 2.06 65.6
FT FS B8 B6 UK Band 8 (B8) — production line 8 0.1-1 0.49 1.58 20.2
v Feinsalz (FS) — fine salt 0.03-0.3 0.14 2.01 14.2
sum 100.0
Materials from other investigations or sources
REPOPERM 0.1-30 2.35 0.81
ESCO - salt 0.1-8 1.48 1.02

Fig. 4.3

[KOMPASS-I, 2020]

Salt grain fractions and grain size distributions

[KOMPASS-1, 2020]
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3. Experimental studies — Pre-compaction methods

Aim:  Produce samples for long-term compaction tests

» Low initial porosity (15 — 20 %)
» Natural grain structure

» Short-term, but under in-situ relevant stress/strain

TUC:

axial pipe for squeezed out fluid

fixed lid

vessel
manometer

confining pressure connection

membrane reservoir

BGR: |”

2100ma

KOMPASS projects, L. Friedenberg (GRS), SafeND 2023, Berlin

[KOMPASS-1, 2020]

[KOMPASS-II, in preparation]
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3. Experimental studies — Long-term compaction tests

Aim: Systematically investigation of crushed salt compaction behaviour
» Addressing influencing factors

TUC test program: New IfG crushed salt compaction cell:

Objective:
Creation of solid systematic database TUC-v4 \ Single pump — Q

—» isolated observation of processes and influencing factors,

for and vaiidation of consttutive models | | X fiuid injection

8 TuC v4 16

porosity / isotropic load deviatoric Ioadfv temperature

g , """"""" Permeability
& - measurement system
1| :
LN S - £ R .
: i i g egulation system Ay Pressure
I Se— oil pressure ransducer
= s1] _ 7w e (4] = Al = Av,
= s I.,w,,-m I Beman. I &2 = const 0 30 60 % 120 150 180 ',
z f( ) ‘ “TE+5,=0 = const =’:°"sl time [d] | —
5 ~—eps_vol eps_z ~—sig_m ~—8ig_V ¥ ‘:l T' *
VS - series of tests, V - Individual fest )
N
S gy 26 o TuC V2 100 : p=5-200+02 bar

> e TU Clausthal [

"g 21 80 |

g 2

= 14 60 = o -

K 8 % Well controlled hydraulic pressure

-

%‘ 7 ﬂ ﬂ ﬂ ﬂ i —————— i 40 + Reliable pressure accuracy: p=5- 200:02 bar

] | |_| 1 ——l— . .

& o JUbuuouuLs - + Oil volume measurement via pressure transducer

9 A 300 time g 450 &0 0 < Indirect pore space parameters
—n ey ey =l +  P-and s- wave velocities
[KOMPASS-II, in preparation] +  Permeability measurements/ gas porosmetry

[KOMPASS-II, in preparation]
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3. Experimental studies — Long-term compaction tests

Aim: Systematically investigation of crushed salt compaction behaviour
» Addressing influencing factors

BGR test program: GRS triaxial compaction tests:

m ¥ | Dsplacement
BN 4 transducer
N
T End cover - - -

| Pressure chamber o & transm!!el’

|—— Pressure transmitter

ATl

Fy

B20

burettes piston

Piston

0

fused |
disk

graduated
cylinder

f— Stack

1
pressure
gauge Circumferential
transducer
Tubing ———>»

(only for

ility test) e
| Py hambe
Karman 1 P
Ce” ‘ Bottom
£ End cover
Moisture Temperature Duration Pressure steps
TK-038 0.1 w.-% 50°C 34d 5,10 MPa BGR sample IfG sample TUC sample
TK-041 0.35 w.-% 50 °C 145d 5, 10, 15, 20 MPa Vol. strain [%] 4_7 8-11 9-14
TK-042 0.35 w.-% 50 °C 72d 10, 15 MPa -
Porosity [%)] 6-9 4-8 4-9
TK-044 0.5 w.-% 33°C 144 d 4,8, 12,16, 20 MPa
Permeability [m? *10-16 i
TK-045 0.5W.-% 50 °C 220 d 4,8, 20 MPa Y Im] 54710 Gas tight Permeable
[KOMPASS-II, in preparation] [KOMPASS-II, in preparation]
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3. Experimental studies — In-situ experiment

Aim: Test the KOMPASS reference material under in-situ conditions
» Collaboration with the SAVER project (TU BAF)
» KOMPASS backfill body in the Sondershausen mine

. vem _ wm vem o am Subsidence KOMPASS vs. QSV
0
T 209 500 3000
E 4 QSV since
v 14/12/2022 -
§ = 02/02/2023
2 -0
p . 3 -100 KOMPASS
h ' 490 Since
\ A 2,5m } Time [h] 11/01/2023 -
Y 02/02/2023

—e—Setzung QSV  —@—Setzung KOMPASS

KOMPASS reference material

N i 5 S
[KOMPASS-II, in preparation]
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4. Microstructural investigations

Aim: Reduce the uncertainties regarding the actual contribution of microstructural deformation
mechanism to the overall compaction

Establishment and improvement of microstructural investigation methods
Relating the abundancy of indicators for microscale deformation mechanism to compaction conditions
Focus on comparison of different pre-compaction methods

Investigation of different influencing factors on the microscale deformation mechanism (grain size,
humidity)

YV V V V

684/OEDO01/Dry "Big Cell" Block

[KOMPASS-II, in preparation]
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5. Numerical modelling

Aim:

crushed salt compaction over a wide range of influencing parameter

YV V V VY

KOMPASS projects, L. Friedenberg (GRS), SafeND 2023, Berlin

Application of various constitutive models

Benchmark calculations against laboratory experiments
Application of a virtual demonstrator
Development/optimization of constitutive models

B RS

Improve/develop models for describing the mechanical/hydraulic property changes of

[KOMPASS-II, in preparation]
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6. Conclusion & outlook

The KOMPASS projects contribute to the improvement of the scientific knowledge for
using crushed salt as backfill for HLW containment.

BU T... The KOMPASS projects also identified some important shortcomings!
> Laboratory program is not completed
> Effects of laboratory shortcomings has to be addressed
> Hydraulic properties of crushed salt need to be considered
> Need for optical experiments on the activation and quantification of

micro deformation mechanism

> Constitutive models are not calibrated in its entireness

> Update the permeability reduction with time for the long-term safety
analysis
Tl o apintpmmedt... MEASURES (coming 2024)
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