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Research problems / Subjects of investigation

1. Can we get information from just one source (one station)? 

YES! (using cross-correlation of horizontal components of seismic noise)

2. Can we measure the velocity changes at the depth of 4000 m?  

YES! (using stretching parameter)



Fundamentals of seismic interferometry

Fig. 1 A 1D example of direct-wave interferometry
(Wapenaar et al. 2010).

The basic equation of of 1D direct-wave seismic interferometry has the following form (Wapenaar et al. 2010):



Hydro-fracturing  Seismic interferometry

2 different regimes connected with hydro-fracturing are particularly interesting and could be investigated 

by seismic interferometry methods (Obermann et al. 2013):

 shallow zone  (usual location of water aquifer)       

- the best sensitivity for discriminating shallow perturbations of seismic velocities can be researched 

with fundamental modes of surface waves,

 deep zone (parts of rock masses situated near fracked intervals of the borehole – earthquakes are usually 

located within this zone) – coda waves 

- surface waves dominate the depth sensitivity at shallow depths and at early times in the coda.

- bulk waves dominate the depth sensitivity at greater depths and at later times in the coda.



Seismic network

Fig. 2 The location of broad-band 
seismometers in the area surrounding 
the Wysin-2-H and Wysin 3-H wells. 

Hydro-fracturing time-table
Wysin-2-H    

& Wysin 2-H'
Wysin 3-H

Date of 

hydro-fracturing

08.06.2016 -

18.06.2016

19.07.2016 -

29.07.016

Number of hydro-

fractured intervals
11 stages 11 stages

http://www.sheerproject.eu/



Geology

Fig. 3 A geological cross-section 
of the Wysin region.

Anhydrite (1700 - 2100 m)

P-wave velocity almost 2 km/s higher 
than surrounding formations

Target shale formations (located 
within interval: 3700 - 4000 m) 

Lower Silurian  (Wenlok)

Thick post-glacial cover  (0 - 200 m)
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Coda waves 

Difficulties in coda waves registration:

 strong seismic reflector - Permian Anhydrites (1700 – 2100 m) - coda waves are reflected upwards and do not reach 
the depth interval of target formations

 200-m thick post-glacial cover - dispersion of the reflected waves.

Cross-correlations of horizontal components of seismic noise recored at one station:

 have signals at lapse time τ range, in which scattered coda waves can be present,

 these waves seem to be transmitted vertically => can penetrate deep even in a geologically complicated medium

 observable changes of cross-correlations for both positive and negative sides of correlogram => posibble occurrence of 
split waves (shear waves after splitting due to anisotropic medium to slower and faster split waves)
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Stretching coefficient

Distinguishing the CCFs obtained in the periods before, during and after fracking requires:

 a longer observation time,

 location of the seismic station directly over the hydro-fracktured borehole.
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Estimation of the fracking effects for shallow borehole station (GW3S)

Tab. 1 The estimates of the stretching
parameters between mean CCF
calculated from data recorded by GW3S
station in the different time periods:

 1st period: 1.05.2016 – 07.06.2016
(before hydrofracturing)

 2nd period: 18.06.2016 – 18.07.2016
(after fracking of the Wysin-2-H/
Wysin-2-H’)

 3rd period: 29.07.2016 – 31.08.2016
(after fracking of the Wysin-3-H)

 4th period: 01.09.2016 – 31.10.2016
(period month after last stage of
fracking occurred).

Fig. 4 Hydro-fracturing time-table

Reference 

trace

Standard deviation  

for ref. trace [s]

Data trace Standard deviation 

for data trace [s]

1st Period 0.0022 2nd Period 0.0023 -0,0090 0.96

1st Period 0.0022 3rd Period 0.0035 -0,0090 0.96

1st Period 0.0022 4th Period 0.0019 -0,0005 0.96

2nd Period 0.0023 3rd Period 0.0035 0 0.99

2nd Period 0.0023 4th Period 0.0019 0,0080 0.97

3rd Period 0.0035 4th Period 0.0019 0,0080 0.97



Fig. 5 Correlograms calculated 
from 1-hour noise records from: 
01.11.2015 (Fig. 5a), 02.01.2016 (Fig. 5b), 
for PLAC-CHRW profile; average CCF 
functions for both days (Fig. 5c).

CCF functions were calculated, then 
filtered by frequency band 0 - 1 Hz, 
and average CCF functions for both days 
were computed.

Influence of the movement of the source noise on the CCF shape



Fig. 6 Sea waving intensity on 01.11.2015 (Fig. 5a) and 02.01.2016 (Fig. 5b) (source: https://www.windytv.com/).

Influence of the movement of the external source noise on the CCF shape

Central Atlantic and Bay of Biscay
(dominant sources of noise)

North Sea and northern Atlantic
(dominant sources of noise)



Fig. 7 Dispersion diagram after ∆t 
time shifting on the CHRW-STEF 
profile (Fig. 7a).

Dispersion diagram after ∆t time 
shifting on the PLAC-SZCZ profile 
(Fig. 7b); 

Fundamental mode of the 
Rayleigh waves for the PLAC-SZCZ 
profile (Fig. 7c, colour scale -
misfit value).

The set of solutions and 
corresponding 1-dimensional 
dispersion curves for different 
misfit parameters for the PLAC-
SZCZ profile (Fig. 7d, colour scale 
– misfit value).



14

Conclusions

1. Can we get information from just one source (one station)? 

YES! CCF of horizontal components have scattered signals in coda 
window => vertical propagation => large depth range (even to the depth
of shale gas deposits!)

2. Can we measure the velocity changes at the depth of 4000 m?  

YES! Calculations of stretching parameter indicate large differences
between periods when cracks and fractures were closed and periods when
cracks and fractures were open => velocity changes!
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Additional information

Fig. 8 The average correlograms calculated for six stations from 1-hour horizontal components of seismic noise records.
Stretching parameter calculated in a 5 - 15 sec time window.

Arrows - arrival times of faster and slower split shear waves, square boxes - differences between arrival times of split
waves.



Fig. 9 The time-distance domain over the whole network, calculated for the cross-correlations of the Z-component
of ambient noise, stacked in the period 19.03.2016 – 25.04.2016 and band-pass filtered by the range 0.1 - 0.4 Hz. The green lines indicate
the modes of the Rayleigh waves (left).

Sum of correlation values obtained by slant-stack in function of Rayleigh wave velocity (right). Values are normalized by number of traces.



Fig. 10 Amplitude spectrum of the seismic noise vertical component for PLAC station in a 0 - 1 Hz frequency range;
the scale bar represents normalized amplitude spectrum. Spectrum was calculated for the period 1st - 4th November 2015.

Dominant noise frequency band



Influence of the local sources on the CCF shape

Fig. 11 Correlograms calculated 
from the vertical components 
of the following noise records:

Fig. 11a - The STEF-SZCZ profile (7746 m);
the data (19.03.2016 - 25.04.2016) 
were filtered in the frequency 
band 0.05 – 2 Hz,

Fig. 11b - The STEF-SZCZ profile (7746 m); 
the data (19.03.2016 - 25.04.2016) 
were filtered in the frequency 
band 0.1 – 0.4 Hz,

Fig. 11c - The average value correlograms 
presented in Fig. 11a and Fig. 11b.



Fig.12 Correlograms calculated 
from the vertical components 
of the following noise records:

Fig. 12a - The PLAC-SZCZ profile (7616 m); 
the data (01.12.2015 - 31.01.2016) 
were filtered in the frequency band 
0.1 – 0.4 Hz; red ovals - disturbed signals, 

Fig. 12b - The PLAC-SZCZ profile (7616 m); 
the data (19.03.2016 - 25.04.2016) 
were filtered in the frequency band 
0.1 - 0.4 Hz, 

Fig. 12c - The average values 
correlograms presented in Fig. 12a and 
Fig. 12b.

Stability of the CCF over longer periods of time


