Practical considerations on the abandonment of

a cavern field

Matthias Brandt, IfG Leipzig
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Geologic situation around the Stade salt dome
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Geotektonischer Atlas von Nordwest-Deutschland, (BGR, 1999)
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Subsidence during operation
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Caverns that were to be abandoned
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Modelling assumptions back in 2004

Model layout:

Triaxial Short Term Strength:

Site specific parameters:

Utilization factor:

Stationary creep:

Darcy flow approximation:

Constant permeability
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(JvM)max =0op +

2D axissymetric, type caverns

Omax — Op

03 + 0y

op = 24 MPa (uniaxial strength)

Oym

n

(UvM )max

Gyax = 63 MPa

Q
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single exponent power law

A, =2,7 d1(T1) 4,5 d (T2) n =5 and Q/R = 6519 K
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Modeled stress state in 2004 and roof stability
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Mechanical integrity
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Pressure increase due to convergence

Pressure at the cavern base (1270 m) after sealing
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Pressure at the cavern roof (670 m) after sealing

Pressure at roof
Pressure change due to convergence
Pressure change due to permeation
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Convergence and subsidence

Volume convergence Surface subsidence
Brine permeation
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Subsidence at present
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Zeitreihe

ID:
8508826

Startdatum

(2 07.04.2015

Produkt: Vertical Mittlere Geschwindigkeit [mm/Jahr]: -0.1 Varianz [(mm/Jahr)?: 0.10

Enddatum
(3 19.12.2021

Versatz [mm]

Aktualisieren

PSI Legende

Sentinel-1 PSI mittlere Geschwindigkeit
2015 - 2021 [mm pro Jahr]
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Prognosis of permeation
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Modelling in 2024

Model layout:

Triaxial Strength:

Creep modelling:

Darcy flow approximation:
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field scale 3D model with detailed caverns

Omax — Op

(0} = 0p + o
( vM)max D i +O'¢ 3

Strength depends on damage evolution

Ec =A1-exp<—%>-0”1 +A1-exp<—%>-a

multi component power law

nq

transient creep

AV K(o,p) Ag
= A
At n IE

Stress- and pressure dependent permeability

Thermal effects included
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Characteristics of a pressure-driven permeability increase in salt rocks
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Different published permeability relations for the increase
in permeability of rock salt when fluid pressure exceeds
the least compressive stress component (Duquesnoy,
2017).

INSTITUT FUR
If GEBIRGSMECHANIK
GMBH

10 i7
® laboratory results -
smeared transition O
10-18 === threshold-like transition
19
_ 10 = Os
o )
E Vd
> I
= 20 o
= 107=
3 ¢
o I
E I
g :
—21
10 R A * :
[ ] 1
I
° I
I
10722 ° !
I
I
]
I
10723 '
—10.0 7.5 —5.0 —-2.5 0.0 2.5 5.0 7.5 10.0

Pressure difference pj - o3 [MPa]

Laboratory results of hydro-mechanically coupled
permeability measurements performed at the IfG for
different fluid pressures in relation to the minor principal
stress




Sealing of caverns - pressure buildup due to convergence
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Brine pressure stabilizes cavern contour

Brine pressure reduced convergence and subsidence
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Brine permeation into the salt only around contour
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Thank you for your attention!
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