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Outlines

e Vertical surface monitoring:
— small deformation: few mm
— Principle of leveling
— Refraction error in leveling measurement

e Case study:
— Ubaye, Southern Alps

— Geothermal exploitation sites
(Soultz/Foréts & Rittershoffen, Alsace)



Technical background

Fundamental principle of leveling:

Leveling rods
/ Line of sight \
| Back sight f — \

Fore sight _

Typical length 30 to 50 meters



Equipment: levels

e Automated levels
— Easy to use
— Needs experience

— Robust even in hostile
environment

e Digital levels
— Push-button technique
— No reading errors, special staff

— Readings are stored and
analyzed digitally




Equipment: invar staff (mire)

3-meter long staff (Alsace, June 2014)
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Leveling plate (crapaud)



Technical background

Fundamental principle of leveling:
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Systematic and random errors

Earth curvature
Refraction
Collimation errors

Solution:

The instrument must be set up in the middle

between two staffs

Readings must be taken 30-50 cm above the

ground
o Surface refractions
. Beware also of temperature gradients

Leveling must be done in two opposite
directions but the same line (beware of gravity

gradients)

Staff should be calibrated, especially if INVAR

Refraction error

o

+0,11 mm

/e
. y s
Sy
. 17

W 7
7/
‘ A

%

7/

7

Y

4

50m

n = index of refraction

| N i e | W
* o ) T s 7

i '+(-JJ,21_3 mm

v/
7,

/////%///6/////

n = f(temperature, pressure, humidity)




Haute Ubaye, Southern Alps

Old data : IGN leveling profiles

Profile N-S: Jausiers —St Paul/Ubaye IGN:1969-GM2005

Profile NW-SE: Gleizolles-Meyronnes-Col de Larche
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Seismicity in Ubaye & focal mechanisms of 2012 et April 7, 2014
(NE of Barcelonnette) (after Thouvenot, 2014) .
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Profile NS: %
Jausiers-St Paul/Ubaye
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Changes in the trend:

Mouvement relatif entre 2005 et 2014
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Causes:
-Systematic errors in measurements?

-Change linked to seismic crisis in 2003-20047?
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New leveling network in Meyronnes

35 new benchmarks partially observed
in September & October 2014

Changes in velocities after 2002 :

Linked to drainage works?
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Route du col de |la Larche

SEISME DU 5 AVRIL 1959 UBAYE ALPES DE HAUTE PROVENCE
DETAIL DE LA ZONE EPICENTRALE

I { t . t . f t I I :
e
. /4
Intensite VII-VIII
L]
Glissement de Meyronnes
1900 1920 1940 1960 1980 2000 2020 L
0 . .
travaux de
drainage 20
-50
— -100 _. oo
£ g
E E
3 190 < 20
s =
2 200 ¢ £
-4.0
g 20 —8—lecm9 chapelle E
= ~ > 60
b @ ex lecm8 ponceau B S
300 =
-@-lecm10 maison & Meyronnes & ‘\'-.‘\\
355 séisme de £ [ 8.0
©- lecm11 maison a Meyronnes St Paul =8
-400 -10.0

temps (années)

1909 — 1949 - 1969 — 2005 -2014

{19050

3 fois.
(1904107 13- 198y

en 2005/2006

Profil du col de Larche (lecm) : vitesses

les Glgizolles Meyronnes Larche col de Larche
s
o
T ) :
colde | arche

©-1907-1849 V
8= 1945-1969

- 1969-2006

—8-2006-2014

2 0 2 4 6 8 10 12 14 16 18

distance (km)

ITALIE

13




Geothermal exploitation sites
Soultz-sous-Foréts & Rittershoffen
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Conclusion

53°

e Leveling:
— To monitor small vertical displac.”
— Old data : useful but
— Complement other geodetic

measurements:
cGPS, gravimetric, INSAR

— Leveling helpful for some cases: ¥
e Annecy 1996 seism M4/5 ol

5 6° 9 100 11°

— Upper Rhine Graben: Serentz 1962 Meghraoui, 2013
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Thanks to:
- IGN for providing old data
- students of INSA for field measurements
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