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SLOPENET
long-term slope deformations monitoring infrastructure

@ monitoring network at various slope deformation sites in various geological,
geomorphological and climatic conditions bothln CR and abroad

@n goal and purposes:
- application and testing of new methods (and correlation with classic ones)
- testing newly developed or upgraded devices

- providing answers in research of low frequency / high magnitude events:
high society impact

- working towards applicable regional warning systems: inputs and thresholds
- solving challenges of long-term, various frequency, big data volume monitoring

@ cooperation and coordination with other RI: TECNET, GNSS, Ringen



SLOPENET

monitoring methods

...and frequency
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SLOPENET
sites overview

Trebenice/ Czech.  Compound slide Cretaceous

Rep. sediments
(claystones/marlston
es)

Cerenisté/ Czech. Complex Tertiary volcanics

Rep. DSGSD (basalt/tuff)

Ondfrejnik/ Czech. Mesozoic flysch
Rep. rock

Knéhyné/ Czech. Tertiary flysch rock
Rep.

Cyrilka/ Czech. Tertiary flysch rock
Rep.

Parohy/ Slovakia DSGSD - Cretaceous
sagging carbonites
San Andrés/ Spain  DSGSD Quaternary
volcanics
(basalt/pyroclastic)
Obfi Hrad / Czech  rockslide Paleozoic
rep. paragneiss

Pfihrazy / Czech DSGSD, plateau Cretaceous basin

rep. rim (sandstones /marls)
disintegration

Valdstejn / Czech toppling Cretaceous 2011-2012

rep. sandstones

Near surface movement;
water table; ppt and
temp.

Near surface movement;
ground humidity; ppt and
temp.

Near surface movement;
ppt and temp.

Subsurface movements
57.5 min crevice cave

Subsurface movements
crevice cave - 10 m
under surface

Near surface movement

Near surface and
subsurface (500 m)
movements

Surface - rock blocks,
blockfield

Near surface - 3 m below
surface

Surface, block
movements

tape extensometer;
automated water level
sensor; meteostation

TM71; tape extensometer,
geodetic surveying; time-
lapse ERT, meteostation, soil
humidity, TLS

geodetic survey; cable
extensometer

TM71

TM71

TM71

TM71; ADAS

Holle dilatometer, steel tape
extensometer

TM-71, automatic
extensometer, meteostation,
water level gauge
automatic extensometers




SLOPENET
sites overview (CR)

meteostation

W . : : . rod dilatometer
&2 long-term monitoring is crucial: slowly developing slope deformations
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@ various geological and geomorphological conditions



results

illustrative examples from various geological backgrounds:

- (Moldanubicum, crystalline gneisses)
- (Ceské stredohofi, volcanic tuffs and bazalts)
- (Cretaceous basin, sandstones and marls)

long-term observation allows analysis of
long-term trends and
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Obri Hrad

rockslide, block
creep

monitoring
equipment:

- rod dilatometer
- steel-tape
extensometer

- automatic
dilatometer

since 08/2003

"




SLOPENET

results

Obri Hrad

&1 13 years of dilatometric monitoring

@ acceleration period
2010 — 2013, then
deceleration

&1 max. absolute dilatation:
13 mm /13 years
(the ,Gate" site)




Cereniste
a complex DSGSD - various types of SD = ideal as a natural lab
concentration of various monitoring and observation systems:

extensometer

E-W direction,
almost triangular shape

length ~ 1050 m
width ~ 700 m
mean slope ~ 14°

tion

new
methods:

ERT section (1200 m)

Extensometric profile (90 m)

TimeLapse monitoring profile (190 m)
= ERT, geodetic and pore pressure
measurements

3-D dilatometers (TM-71) . B L 3/0mas..

.
e a

Meteorological station



Cerenisté

basalt slope deposits, coarse
t

currently active part of the (flow)slide
- very wet, clayey

—_blocky accumulations

possibly a fault of NE-SW
direction predisposing the dictinc lithological

scarp boundary and/or fault ?

well-studied site

ERT profiles confirm complicated structure — complex slope deformation



results Cerenisté

time-lapse (repeated) ERT monitoring —
1x month

2

DEPTH [m]

intention of automatization — higher
frequency (up to 1x / 4 hours)

January 2015

DEPTH [m]
b ha

September 2014

October 2014 o

generally reflects water content
- other parameters stays
constant

FO vember 2014
Jor = very slight changes — biggest at
slope with dry / wet deposits

might work as early warning —
particularly if automatized



SLOPENET
results Cefenisté

geodetic monitoring of surface movements: distal, flow-like part of landslide

.. x-component

TS Leica TC1010
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results Cefenisté

continuous measurement of soil water
pressure (tenziometer):

- calibration of resistivity model
- important parameter for landslide | WA
activation = ,effective* humidity st

volumetric water content

S

w

voluntric water content [-]

2 depths: 20 and 50 cm
1m planned for spring — better idea _
of water infiltration " '




results Cerenisté

automatic meteostation: atmospheric parameters compared with movement data

2010-2011 unprecedented activation — total displacement 15 - 20 mm!

triggered by very wet :
weather — long-lasting ke il Jp—
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Dneboh

plateau rim disintegration, toppling, landslides

classic site studied since 1926 landslide,
current monitoring since

geophysical and geodetical profiling — active
landslides

borehole
fractured and gravitationally Pr-1

loosened sandstones upan I‘:ssures
active sinkhole
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- dilatometers

e A - aut. dilatometers

- water level observation
- meteostation

profile 1
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end of movement

collapse of part of the tower in

June 2012

dilatometric measurements of
trend

a rock tower (dilatometers,
since 2015 also automatic)

results




results

Dneboh

TM-71 observes
plateau disintegration:

- possible tectonic
influence
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SLOPENET
summary

& long-term slope deformation monitoring network
@ uses combination of various monitoring methods and techniques

@ testing of experimental methods and /or upgraded devices

{ effort to concentrate numerous methods on suitable ,natural labs*




E
current year & future o }
- installation of multiparametric inclinometer at Trebenice R I L S
(+ drilling core analysis) T R
- installation of automatic extensometer at Cefenisté e S
- Iinstallation of meteostations at Dneboh and Trebenice (7 5 . - {—'
1§

- installation of multiparametric inclinometer at Cefenisté
(+ drilling core analysis)

- installation of meteostation and soli humidity gauge at Ondrejnik

- installation of an experimental automatic TL-ERT at Cefenisté (with GF Instruments)

- precise levelling survey at Cefenisté

- testing of newly developed resistivity soil humidity
gauge at Cefenisté (with Chemcomex, a.s.)

- web interface: meteorological and automatics data

regional landslide susceptibility

3xSB1

(1-kandlovy
spinaci
adapter)

24vyvodd, roztet 80 cm
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