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Summary 
We wish to better compare the accelerometer (acceleration) and geophone (velocity) data to 

distributed acoustic sensing (DAS) fibre-optic data (strain-rate), and consider this is best 
accomplished by converting accelerometer and geophone data to strain-rate, as this parameter 
is what is of most interest to engineers. 

Method 
In a one-dimensional sense, strain rate can be thought of as the velocity at which the two ends 

of a rod are moving towards or away from each other divided by the length of the rod. In the 
seismic case, geophone or integrated accelerometer data at two different locations measure the 
velocity of ground motion at those locations. So, we propose to convert geophone data at two 
points on the ground to strain-rate using: 𝜖ሶ௫௫ =  డ௨ሶ ೣడ௫ ≈ ௨ሶ ೣሺ௫మሻି௨ሶ ೣሺ௫భሻ∆௫ , (1)

where 𝜖ሶ௫௫ is the strain rate over some distance along the media (∆𝑥), and 𝑢ሶ ௫(𝑥) represents 
velocity data recorded at position 𝑥. The resulting strain-rate trace should then be located at 
position ∆𝑥/2 for comparison to fibre data. A further conversion to strain can easily be obtained 
by integrating 𝜖ሶ௫௫ with respect to time. As fibre data have a broadside insensitivity, (eg. Mateeva 
et al., 2014), it makes sense to use vertical component data in a vertical well for this comparison, 
or inline component data along fibre in a trench. 

In order to plot converted accelerometer or geophone traces in the correct place on fibre data 
we must landmark the fibre data, so we know where a given fibre trace is located relative to a well 
or ground surface. This turns out to be non-trivial. The trace spacing of fibre data may have to 
corrected for index of refraction (IR) if the actual IR is different from that programmed into 
interrogator software by the operator. Trace spacing is measured along the axis of the fibre, so a 
cosine(pitch) correction for distance must be applied if using helically wound fibre. 

Results 
The method has been tested on common vibe point accelerometer, geophone, straight fibre 

and helical fibre VSP in a vertical well at the Containment and Monitoring Institutes’ Field 
Research Station (CaMI.FRS) in Newell Country, Alberta (Hall et al., 2019a, 2019b). 
Accelerometer and geophone data converted to strain-rate show a better visual match to the 
phase of up-going reflections observed on the fibre data, although the frequency content is 
different (not shown). Figure 1 shows an example of surface geophone data compared to straight 
fibre data from an experimental directional DAS sensor described by (Innanen et al., 2019a, 
2019b). In this case, horizontal components were rotated to inline with sensor line segments 
before applying Equation 1. 
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Figure 1: Close-up of geophone data converted to strain-rate and interleaved with straight fibre data. Peaks in the red 
graph along the bottom highlight the location of converted geophone traces. 

Discussion  
A method to convert seismic data with amplitudes proportional to particle velocity to strain rate 

for comparison to distributed acoustic sensing (DAS) fibre data has been proposed and some 
initial testing has been carried out on surface and borehole data acquired at the CaMI.FRS. 
Results for both datasets are encouraging, and we feel that further work is warranted. 

Acknowledgements  
The authors would like to thank Fotech, Halliburton, Laurence Berkeley National Laboratory. We 
would also like to thank Schlumberger for the use of donated Vista software, and all CREWES 
sponsors and CaMI.FRS JIP subscribers for continued support. This work has been partially 
funded by NSERC (Natural Science and Engineering Research Council of Canada) through the 
grant CRDPJ 461179-13. This research was also supported in part by the Canada First Research 
Excellence Fund. 

References 

Hall, K.W., Bertram, K.L., Bertram, M., Innanen, K., and Lawton, D.C., 2019a, CREWES 2018 multi-azimuth walk-
away VSP field experiment: Geoconvention 2019, Expanded Abstract. 

Hall, K.W., Bertram, K.L., Bertram, M., Innanen, K., and Lawton, D.C., 2019b, Simultaneous accelerometer and 
optical fibre multi-azimuth walk-away VSP experiment, Newell County, Alberta, Canada: SEG 2019, 
Expanded Abstract. 

Innanen, K., Lawton, D.C., Hall, K.W., Bertram, K., Bertram, M., and Bland, H., 2019a, Field deployment and 
response of a shaped DAS fibre loop: Geoconvention 2019, Expanded Abstract. 

Innanen, K., Lawton, D.C., Hall, K.W., Bertram, K., Bertram, M., and Bland, H., 2019b, Design and deployment of a 
prototype multicomponent Distributed Acoustic Sensing loop array: SEG 2019, Expanded Abstract. 

Mateeva, A., Lopez, J., Potters, H., Mestayer, J., Cox, B., Kiyashchenko, D., Wills, P., Grandi, S., Hornman,K., 
Kuvshinov, B., Berlang, W., Yang, Z., and Detomo, R., 2014, Distributed acoustic sensing for reservoir 
monitoring with vertical seismic profiling: Geop. Prosp.,62, 679–692. 


