Ateneo fondato nel 1175

UNI
nivessn DIPARTIMENTO DI SCIENZE CHIMICHE E GEOLOGICHE

MODENA E REGGIO EMILIA

MORE

Part Il: Examples in the Alps

INTEGRATION OF MONITORING SYSTEMS
CORVARA LANDSLIDE (SOUTH TYROL)

By: Alessandro Corsini *
(DSCG — UniMoRe)

[ @l

Partnership 13,\ | SR L ir
Province of BZ (RIP.11, RIP.30, RIP32) © N - e
Municipality of Corvara in Badia Ea';zf:]l }ﬁjﬁ;:—'ﬂ:ﬂiﬁ}om B
DSCG - UniMoRe Piazza Silvius Magnago 1 Fine Progetto SloMove
IRPI-CNR Padua .

— EURAC-Bz

=

% Data & figures acknowledgements

= Dr. M. Mulas (DSCG - UniMoRe)

—~ Dr. G. Marcato (IRPI-CNR Padua)

; Dr. G. Chinellato (EURAC-Bz) alessandro.corsini@unimore.it

;

=




=
)
~
O
=
z
=
=
=
=

DSCG

Site location

nhardiniPasseier
P 3
e

= '“-Q‘ :

-

UNIMORE

Ateneo fondato nel 1175
DIPARTIMENTO DI SCIENZE CHIMICHE E GEOLOGICHE

We sberg-Taisten




UNIMORE W Ateneo fondato nel 1175
DEGLI STUDI D ) DIPARTIMENTO DI SCIENZE CHIMICHE E GEOLOGICHE

DSCG

Site location

O

. 39033 Corvara |nfBadia B2/
':;' L o + ‘. c.

WWW.UNIMORE.IT




—
L
a s
O
Z
—
:5

UNIMORE

UNIVERSITA DEGLI STUDI DI
MODENA E REGGIO EMILIA

Ateneo fondato nel 1175
DIPARTIMENTO DI SCIENZE CHIMICHE E GEOLOGICHE

Geological & Geomorphological setting
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GEOMORPHOLOGICAL MAP OF
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Radiocarbon dating in Alta Badia; data calibrated with Radiocarbon Calib. Program 4.1 by Stuiver and Reimer (1993), data set by Stuiver et al. (1998)
D Landslide name Landslide type Sample code Sample type Site of collection Depth  Conventional age Calendar age 20  Paleoclimatic
(m) (**C year BP) (cal year BP) significance

4)

12 Corvara rotational rock B-112032 wiood borehole (C1) 25700 8820 % 50 10,152-9632 high
slide—carth flow

12 Corvara rotational rock B-112033 wood borehole (C1) 26.40 8560+ 90 9709-9334 high
slide—carth flow

12 Corvara rotational rock B-112031 organic sediment  borehole (C3) 270 7920+ 70 90098543 low
slide— earth flow

12 Corvara rotational rock B-154704 wiood borehole (C6) 69.70 8020+ 60 90308650 high
slide—carth flow

12 Corvara earth flow Ki-9233 wiood borehole (C6) 4750 554372 6471-6199 high

12 Corvara carth flow Ki-9230 wood borehole (C6) 19.10 4616+ 64 5575-5052 high

12 Corvara earth flow B-112029 wood borehole (C2) 7.50 4260 = 70 5025-4575 high

12 Corvara carth flow B-112030 wood borehole (C2) 20,000 4260+ 70 5025-4575 high

12 Corvara carth flow Ki-9234 tree trunk erosion scarp 8.00 3888 + 64 45134094 high

12  Corvara earth flow B-105976 tree trunk €rosion scarp 6.00 3830 £ 60 4417-3999 high

12 Corvara carth flow B-105977 tree trunk €rosion scarp 4.50 2860 + 60 3207-2792 high

12 Corvara carth flow B-93975 tree trunk €rosion scarp 5.00 2490 £ 60 2750-2352 high

12 Corvara carth flow B-112034 wood borehole (C4) 37.40 2260+ 50 2351-2129 high

I3 Arlara rotational rock B-105975 tree trunk erosion scarp 35 6870 + 50 T789-7592 high
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Tubo incinometnoo [dam. 53 mm. alumino, NoN CeMentaln, Gunt nen Sagiiat)
200 STIREYNG BNERE FadduMont Sty o vl Takis Solepats 8 Astalogos

fon C1, C2. C3,€4) 3 ! : L N o ~ Pralongia

Tubo incimometncn [Gam. 53 mm. aliummo. non cementaio, gunt soillatl)
flon: CSa, CBa. CBa)

Cavo TOR (diam 1+508 & polce. cementato)
G flon: CSt, OBb, CBb)

Tubo peegometrcs (gam 2 pollca, pve. merofessurate ad mervall- Cf Tabela 2)
Q, © rasoutone eletineo o ivedo fakda colegatn a datalogger
(o Cpzt, Cpz2, Cp23, Cpzd)

Tubo peegometrico (Gam 4 pollkca, pve. mcrofessurato ad mervall- Cf Tabela 7)
'Q' e trasduttone eiettneo o ivelo falda collegato a datalogger
fhic C7 CThes)

Corvara % + Plezometer
in Badia < Inclinometer
' A ©O TOR cable
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Boreholes monitoring 1997-2006

elevation

corvara landslide: longitudinal cross section based on boreholes, monitoring data and geophysical investigation, (m)

2100

c7
7 2050
v

2000

1950

1900

1850

S ~ Cé6bis (2013)
- periodic inclinometric measurements from 08/2013 to 11/2013 1800
- in-place inclinometers from 11/2013
1750
—_—
c1 cepfed £pz4 — = 1700
_——
- periodic inclinometric measurements o Cpz1 |
- s T T 1650
(SINCE 1997) s Cpz3 — . — ———
v ——— 1600
- b\\—“\‘\‘\m Cross section based on boreholes, monitoring data and geophysical investigation, and summary of inclinometers '
K plots. 1: Active shear surface, revealed by inclinometers or TDR; 2: Groundwater level, measured by piezometers;
3: Interpreted active shear surface; 4: S. Cassiano Formation (turbidites); 5: La Valle Formation (turbidites); 6: La - 1550
Valle Formation (massive sandstones); 7: Alluvial deposits.
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Boreholes monitoring 1997-2006

Inclinometro e Piezometro C4, Plezometro Cpz2

Inclinometro C5 e Piezometro Cpz3

| . . | sesssniruced
00.00 @ ®Spostamenti 3 42 m da pe. | ¥ | ®Spostarmenti 316 m da p.c.
- . . L] % @ Spostamenti a 34 m gda p.c.
e
i °e £ o
L ]
40.00 b . ® .
E.- X o e e
1 TRt R Rt R L L L T H HHH B THH
1 L] ——rr |
3 i R ) . - 080 1 Faidain Cpz3 |
- W\;. Mﬁ P
§ 800
_Ff ,E 3 50.0 5“-"
LLi . -_2-4 40 3000
Cﬁ = 20.00
C ! W - | 41
f ) - \ ' \ e e | J '||J
Z 4 b of . L hdi! 4l
'_'j_ | w Picggia | N - 100
;} o LA SR, L ||| e
%




Ateneo fondato nel 1175

UNIMORE
unERSTADESLI sTUDL DIPARTIMENTO DI SCIENZE CHIMICHE E GEOLOGICHE

Boreholes + seismic + geoelectric surveys 1997-2006
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SPOSTAMENTO PLANO“METRICCI 2001-2008
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Punti Stazione Fissa

cod, 300

Scala carta: 1:5000
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VELOCITA" MOVIMENTO EDIA 2001-2008
{centimetriimese)

Capisaldi di Misura RTK Punti Stazione Fissa
4= o000-020

021-150 f,-’r\
il
/

1.51 - 3,00

Scala carta; 15000
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GPS monitoring 1997-2008 [displacement (cm)]
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GPS monitoring 1997-2008 [displacement (cm)]
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SUPPORT OF SATELLITE RADAR TO HAZARD ZONE MAPPING
IN THE ITALIAN ATPS

Belitz, K.'*, Corsini, A.™, Mair, V., Strozzi, T, Wegmiiller, U. ™, Zilger, J.®

" Teledara GeoConsult GmbH-sr{

Stemenssorafs 19 30100 Bozen - Bolzane. Iraly. Email: k belitzaitd-geoconsult com
rzl.-lm!ﬁr Feologie und Bausteffprijffung. Auronome Provinz Bozen-Sudtirel
Eggentaler Strafie 43, 30033 Kardaun - Cardano, Italy, Email: volkmar. mainaprovinz bz it
* Gamma Remots Semsing AG
Thunstrafie 130, 3074 Muri BE, Switzerland, Email: wegmulleriaigamma-rs.ch
¥ Dipartimsnto di Scisnze della Terra, Universita daghi Studi di Modena & Regsio Emilia
Largo 5. Eufemia 19, 41100 Modena, Italv. Email- allecorsi@umimo.it
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Fig. 4. Quantitative results of DInSAR in look direction, Aug-Sept 1997.
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Fig.2 Corvarain Alta Val Badia. a
Geocoded JERS displacement map in the
line-of-sight direction for the time period 2
July to 28 September 1998 (88 days, 217 m),
b GPS measurement rates (in meter/month
from September 2001 to September 2003)
superimposed on the interferogram of

Fig. 1a, orthophotograph in the background,
¢ Comparison between measurement rates
in the JERS line-of-sight (LOS) direction of
selected GPS benchmarks and the
corresponding pixels in the JERS
displacement map of Fig. 2a. See Fig. 2b for
the location of the GPS benchmarks

JERS dataset
(L-band)

Tazio Strozzi - Paolo Farina - Alessandro Corsini - Christian Ambrosi - Manfred Thiiring - Johannes Zilger -
Andreas Wiesmann - Urs Wegmiiller - Charles Werner

Survey and monitoring of landslide displacements by means
of L-band satellite SAR interferometry
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...was there more to be found out?
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Mass balance AREA AREA STIMATA ATTIVA VELOCITA" MEDIA AREA ATTIVA VOLUME TRANSITATO
ID_SEZIONE TOTALE (da inclinometri o altre stime) (da dati GPS) ANNUALMENTE

1997-2006 B (m2) (m/anno) (m3fanno)

1555 (da inclinometro C3) 1,68 (GPS # 16)
11551 (da inclinometro C6) 0,24 (GPS #8, 9, 11)

=« TIMING? PROCESSESS? CAUSES?
Bl - = ...higher temporal resolution Few

Abbassamento capisaldi D-GPS
tra 15/08/2001 e 15/10/2004
(metri)

-0,96 --0,40
-0,39--0,20
-0,19--0,05
-0,04-0,03
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GPS + AR-PS monitoring 2013 to date: operative set-up

Corvara landslide integrated
Monitoring Network

GPS measures (frequency) Interferometric measures

Continuos acqguisition

High (weeks) Corner Reflector designed
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GPS + AR-PS monitoring 2013 to date: operative set-up
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Fig.23 - Costes da I'Ega, cantiere C6 bis. Sullo sfondoitahione del tubo inclinometrico (.
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Borehole monitoring 2013 to date: operative set-up Cébis (since fall 2013)
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Borehole monitoring 2013 to date
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Fig. 27 - Pozzetto C6 bis. Terminale
acciaio a cui sono ancorate le sor
incliometriche fisse.
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Snow accumulation R
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Continuous In-place v Fase 1: da novembre 2013 all'8+10 febbraio 2014.
inclinometers (Vel_media asse Y: prof. 47 m = 0.2 mm/d; prof548. = 0.05 mm/d)

(Dec' 2013 to Nov. 2014) v Fase 2: dall’ 8+10 febbraio 2014 al 25+27 marzo4201

(Vel _media asse Y: prof. 47 m = 1.5 mm/d; prof548. = 0.4 mm/d)

v’ Fase 3: dal 25+27 marzo 2014 al 02+03 maggio 2014
o (Vel_media asse Y: prof. 47 m = N.D; prof. 48.5 .27 mm/d

v' Fase 4: dal 02+03 maggio 2014 al 27+28 giugno 2014

(Vel _media asse Y: prof. 47 m = N.D; prof. 48.5 .64 mm/d)

v' Fase 5: dal 27+28 giugno 2014 al 20+21 luglio 2014
(Vel _media asse Y: prof. 47 m = N.D; prof. 48.5 1.601 mm/d)

v' Fase 6: dal 20+21 luglio 2014 al 20 novembre 2014
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