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Figure 1-1.  Spectral content of hydrophone recordings from Wellington field during 
operation of the DRSS source. Each horizontal color bar is the spectra for one 10 second 
recording. The recordings are labeled from 33 to 57. The source was off during times 40 
to 52. No definitive change in the spectra can be seen during these times. 
 



 
 
Figure 2-1.  Example of background noise at AERA Energy San Ardo site showing 
seismogram (left), spectra (top right) and unwrapped phase (bottom right). The spectra is 
in dB, showing most of the energy (within 12 dB) is between 10 and 140 Hz. This data 
was recorded while the stimulation source was not operating. 
 



 
 
Figure 3-1.  Walkaway survey data from Wellington 35-4. Surface sensor offset from the 
well head is shown at top (50 to 900 ft.). The dominant arrivals are shown with a line 
labeled with the moveout velocity. Both arrivals have moveout velocity of surface waves. 
The zero time is arbitrary because this data did not use triggered recording. 
 



 
 
Figure 4-1.  Borehole recordings from well Wellington 32-2. Each of these five 
recordings has 4 channels, a three component borehole accelerometer (channels 1-3) and 
a surface geophone at the source well 35-4 (chan 4). FIDs 114 and 400 are stacked 
records with the source running, recorded at 4450 and 4190, respectively. FFID 500 is a 
stacked record with the source running, recorded at 500 ft; no stacked noise record was 
made at this depth. Both 4450 and 4190 source recordings show indications of arrivals at 
about 725 and 825 ms time, however the amplitude of these is not above the noise 
records. We believe these arrivals are interesting, but inconclusive and not identifiable as 
recordings of stimulation source energy propagating in the subsurface. 
 



 
 
Figure 4-2.  Example of surface geophone recording of the DRSS stimulation source at 
the source wellhead. Seismogram (left) and spectra (right) are for a typical recording. The 
spectra shows maximum energy (within 12 dB) between 10 and 70 Hz. This source has a 
clear impulsive signal at the wellhead which was used for triggering the recording 
system. The walkaway survey (Figure 3-1) demonstrated that this energy was mainly 
surface waves. 
 



 
 
Figure 5-1a.  Source monitor signal from the Etrema source showing partial time series 
(left) and spectral content (right). 
 



 
 
Figure 5-1b.  Borehole geophone monitor in well 55A-11 for the same 10s recording as 
Figure 5-1a showing seismogram (left) and spectra (right). The specra does not show 
energy above background in the 300 – 400 Hz range which the source was generating. 
There is increased noise between 180 and 250 Hz. 
 



 
 
Figure 5-2a.  Source monitor signal from the Etrema source showing partial time series 
(left) and spectral content (right). 
 
 
 
 



 
 
Figure 5-2b.  Borehole geophone monitor in well 55A-11 for the same 10s recording as 
Figure 5-2a showing seismogram (left) and spectra (right). The spectra does not show 
energy above background in the 200 – 300 Hz range which the source was generating. 
There is increased noise between 180 and 250 Hz. 
 
 
 



 
 
Figure 5-3a.  Source monitor signal from the Etrema source showing partial time series 
(left) and spectral content (right). 
 



 
 
Figure 5-3b.  Borehole geophone monitor in well 55A-11 for the same 10s recording as 
Figure 5-3a showing seismogram (left) and spectra (right). The specra does not show 
energy above background in the 80 – 190 Hz range which the source was generating. 
There is increased noise between 180 and 25 Hz. 
 



 
 
Figure 5-4a.  Source monitor signal from the Etrema source showing time series (left) 
and spectral content (right) for a set of 26 10 second recordings made while the source 
was operating a constant frequency of about 205 Hz. 
 



 
 
Figure 5-4b.  Borehole geophone monitor in well 55A-11 for the same 26 10s recordings 
as Figure 5-4a showing seismograms (left) and spectra (right). There is a peak in the 
spectra at about 205 Hz, however this spike is not above the other spectral peaks and it is 
within the relatively noisy 180 to 250 Hz band. We do not believe this can be considered 
evidence of energy generated by the stimulation source. 




