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Introduction

Ground subsidence refers to the gradual sinking or settling of the Earth's surface caused by

underground mining activities

No mining
influence
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Subsidence prediction method

Classic subsidence prediction:

(Sroka and Shober 1982)
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Asymmetry deviation

Classic subsidence prediction:
(Sroka and Shober 1982)
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Shape deviation

Classic subsidence prediction: AV <
exp| —m (

(Sroka and Shober 1982) S(r) = R2
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Subsidence anomalies

Asymmetry

WHERE:

Sweden (Jones et al., 2019), the USA (Favorito &
Seedorff, 2020), Great Britain (Speck & Bruhn, 1995),
China (Khanal et al., 2022; Xia et al., 2016), Spain
(Sanmiquel et al., 2018), Canada (Sepehri et al.,
2017), Alaska, Bagdad, Andina, Athens, and Miami
(Woo et al., 2013) etc.
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REASONS:
Faults,
Stress conditions,

Stress release activities,

Topography,
Geological structure
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Goal

Investigation of the stress influence on the subsidence

(b) Plot of the ratio of horizontal to vertical
stress against depth

(a) Plot of the vertical stress against depth
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Numerical modeling:

Constitutive model: Hoek-Brown

Sress gradient =
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Numerical results

Asymmetrical subsidence profile
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deviations

Implementation
model
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Numerical results

Decision Tree Classifier to

Asym metry Define Rock Property Ranges

| Hystogram of skewness

Sensitivity analysis
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Theory
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Numerical results

Shape or an inflection point position
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Validation

(Cavern Storage Field in Northern Germany)

Caverns data:

Name Xc Yc Zr Zf \% t Type

102 925566 427317 848 1500 488736 1977  oil
103 925652 426824 855 1500 641162 1978 gas

104 925514 427557 855 1500 668584 1978  oil
In summary, there are 89 caverns...

Leveling data:

Subsidence
Number (2017 - 2022) X Y
1 -7,4 921987 427274
2 -8,3 922283 426886
3 -7,94 922292 427102
4 -9,15 922432 427153
5 -9,74 922568 427216
731 -17,41 923035 427230
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348

Leveling (2017 - 2022)
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Model adaptation and results

MSE
MAE

R2
BIC

14

S0 o) AV ( ( r )5 )
r,Q) = > *exp| -1
21 00 B r R((p)
Jo )y exp( n—R((p)2>rdr do
|
! ! ! v
R(¢p) = const, R(p) = R(1 + sin(p + @y)), R(¢) = const, R(p) = R(1 +sin(¢ + ¢)),
5 =2 5=2 5 =0.99 5=15
Classical solution Asymmetry adopted Shape adopted Unifying solution
— =< | o —— ——\\\ | Y am) —=~\\\ | /7.__.._.-
— N\ |/ > \\ | // «—» N | //
. \\- ) \ .V \\.\1/
A \7 \
133 105 116 91
7.4 6,4 6,1 9,9
0,968 0,972 0,975 0,978
5693 5599 5532 5435
S z
Aleksandra Babaryka and Prof. Dr.-Ing. J6rg Benndorf MONTAN ~. % m
Tectonic stresses as the cause of asymmetry and shape deviation of subsidence profiles: A numerical study. mt’,ﬁgﬁﬂﬂ K;PE,I BEQ*O



Model adaptation and residual maps

Subsidence residuals, mm
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Quantiles of model

Frequency

Statistical interpretation of results
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Z-axis

Subsidence profiles in different directions

Direction: 90 degrees Direction: 240 degrees

= Classical solution J = Classical solution
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Residuals maps
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CONLUSIONS

The stress conditions influence the shape of the distribution and the angular properties
of the subsidence profile.

The non-uniform distribution leads to asymmetry.

By incorporating stress conditions into the developed method for subsidence prediction,
the quality of the prediction is improved compared to the classical solution:

* Shape adaptation: up to 12%. Most improvements occur in the periphery;
 Asymmetry adaptation : up to 21%. Most improvements occur in the middle part.
e Shape and Symmetry adaptation: up to 31%
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