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ABSTRACT

Over the past decades, lignite has been the primary raw material for household and industrial
electricity production, as it is one of ttiew primary energy resources available in large quantities in
EU member states. As the transition to the pbghite era is underwayeclamation and valorization

of postmining areasndthe choice of land ussafter mine closures become critical decispasthey

must align with the expectations of local communities and the principles of sustainable development.
Acommonmethod forreclamation of abandoned surface lignite mines is fikirgavations with water

to create lakes.Creatingthese lakes is aelatively straightforward solution; however, stability
problems often arise durinfjlling. This thesis focuses @valuating such issues ihe artificial lake

Most in the Czech Republic, which formed in a former surface lignite mine with an averagatexc

depth of 100m. During the operation of the mine, overburden mate(&isilswere deposited within

the lake boundaries, forming artificially constructed slopes prone to instability phenomBwanty

four cone penetratiortests were conducted arod thef I { S Q& , ndSabkking Balie$iedsure at

up to 50m depthsmainly within thespoilmaterials. The variations of primary parameters with depth

for four selected tests are presented, and an estimation of the stratigraphy alternation is attempted
based on the empirical soil index)(IThe data from thén-situ tests were primarily used to estimate

the undrained shear strength ft YR dzyAd 6SA3IKG 06' 0 OFhasBR 2V
parametersare introduced in stability analyses of slopes using the limit equilibrium metFbd.
strength ¢ of the overburden materials depends on depth and was found to increase linearljt.with
Two functions of undrained shear strength were used for the stability anafys@yerageone and

one design function according to EC7. The stability analysis was performed using the limit equilibrium
method and the software SLIDE2 (Rocscience), gfimggarametric analyses that largely cover the
entire lake. Slopes ranging from 25m to 125m in height with a fixed inclination of 11 degrees,
representing the maximum slope of the lake's slopes, were analyibedpoillayer is underlain by a
clayey layewith moderate strength in the case of twayered slopes and an even higher strength in

the case of thredayered slopes. The analyses also considered the presence of a weak zone on the
interface between overburden and natural seith small strengti(indicativelyO4 I ¢ {1 ¢.F I y R
Finally, the water level of the lake was assumed to be atthird of the height of the slope, which is

the mostunfavaurable condition during the filling process. The failure surface is cirbaaiopes
without a weak zone andon-circular, mainlybi-planar, in slopes with a weak zone. The factor of
safety decreases significantly with increasing slope height. In summary, wheawvénage shear
strength characterizes the strength of tlspoil materials stability is ensured fathe entire range of

slope heights. However, when the design function is applied, stability issues arise in slopes with a
height greater than 60rfor a weak zone inclined at 3 degreésthe case of thre¢ayered slopes, the

third underlying clayey layatoes not affect stability, as the failure surface never intersects it due to

its relatively higher strengthiThe presence of the weak zone appears to be critical for stability as it
determines the shape of the failure surface and significantly reducessfietysactor.






EXTENDED ABSTRACT

The present studyevaluates the stability of the slopes of tlatificial lake Most in the Czech
Republic The creation of these lakes is a common method for thelamationof the area. The
construction of these lakes isstraightforwardsolution, but oftenstability issuesduring the filling
process. In the current lakkoundaries overburden material§spoils)were deposited during the
operation of the mine, faming artificially constructed slopes prone to instability. order to
investigate the characteristics of tlepoil materials, 2 CPTuvere conductedat depths up to 50m,
mainly within thespoik. The primary data from the tests includip resistance (g, sleeve friction ¢,
and pore water pressure {u Each test produced different depttependent primary results,
confirming the uncertainty and spatial variability as the main characteristics of the nature of the
overburden materials.

In Figure lindicative CPTuesults for test B are presented The tip resistance {jjis obsered to
increase smoothly from 2 MPa at the surface to Pavat a depth of 45 m. Local peaks, such as those
occurring a8 m and 40 m depthsre likely due to isolated cobbleshich momentarily hinder the
cone penetration. The sleeve frictior) (@xhibits a similar increase from 0.1 MPa at the surface to 0.35
MPa at a depth of 45 m. At 40 m, the same depth as the largest lop&lady, there is a relatively
abrupt decrease ifsto 0.15 MPa. This fasupportsthe hypothesis of the presence of cobbles.
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Figurel: Plots of @, , £R, and & as a function of depth for test P1

The empirical soil index, Icalculated fromthe primary data(Mayne, 2014;Robertson, 2000
showed that the grain size distribution of the overburden materials ranges $amd and silt mixes
to clays. Applying this index to test P1 (Figure 2) distinguishes two soil tffyesn 0 m to 20 mcl|
ranges from about 2.4 to 2.95, valsi corresponding to sandy and silty mixtures. From 20 m to 40 m
Ic becomes more than 2.95, and the soil becomes clay. Generally based on the 24 CPTu, the type of
soils is mainly fingrained, i.e. silt, silty clays and claysom the empirical correlatia({P. Robertson,
Campanella, & Wightman, 198Bgtween the primary data and thengineeringproperties, it was
found that the effective frick 2 y I Y tEridsSto diecrease with depth, with indicative values of 35°
at the surface and 20° at a depth of 50m. The undrained shear streny@x(abits a clear increasing
trend from 100 kPa at the surface to 500 kPa at a depth @h50he unitwel K 6! 0 Ay ONBI &S
from 16 kN/n? to 19 kN/n¥. However, these values provide a general overvieaseach test has a
wide scatter Plots of',. "and ¢ as a function of depth for testlPare shown in Figure 3.

Vi



N —_
o o
I I

w
S
I

Depth (m)

v (kN/m3)
12 14 16 18

20 22 0 10 20

I Soil type
1.319.<2.05 Sand
2.05<):<2.60 Sand- mixture
2.60<):<2.95 Silt- mixture
2.95<),<360 Clay

9'(°)
30 40 50 60

7T
P1 7

0

Figure2: Plots of ¢as a function of depth for test P1
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Figure3: Plots of , .

‘and @ as a function of depth for test P1

Due to the scatter of the data, it was decided to consider a uniform layspaf materials, the

variation of the strength (@

YR dzy Al

gSAIAKIG

0!

0

2 F dsicdlcOisteds | &

usingan empirical formula in which the total cone tip resistancgigjinput(Lunne, Berre, & Strandvik,
1997) Theq: regression analyses resultedany function with depthas g=0.12D+1.27 (in Mg, D in

m).
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Figure4: Trend lines for (a):@and (b)g: removing extreme values.

During theanalysis of ¢ the removal of certairextreme valueswvas proposed, which may be
attributed to the local presence of specific pebbles in thessBilom the function of gwith depth, the
function of ¢ was derived and characterized as the mean equatigir€.2D+90.7 (in kPaD in n).

An additional analysis was conductiey splitting thec, into different classes with depth. Five classes
of 10 mwere decided and analyzedndshowed that the individuatlasse®xhibitvariousrates of g
increase(Figure 5)Notice that these classes are unrelated to sublayers and were used merely for
analsis.However, the individual equationgary around and nearthe results for the unifiedayer,
reinforcing the initial assumption of a uniform layersgoil materials.As a resultand because the
safety factorof the slope stabilitypased on the five jgers or the one layes practically the same, only
one layer of spoils has been used in the sequel. Furtherntbeemethodology of EC7 was applied
adopt a more conservative and safatyiented equation for the variation ofycand the initialmean
equation was adjusted to the design equationes.71+23.2.

Figure5: Regression analysis afwith depth. General trend line anend linesper 10 m
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