
Rucker Exhibit 2 – Indications of Possible Complicating Geologic Factors

Initial offsite micro-seismic network, operational in 2014

Enhanced onsite micro-seismic network, operational in 2019

Anomaly
consistent with void

Change in background gravity
consistent with 

underlying geologic
structure change

in anomaly vicinity

Ref: Herrick, C.G. et al., 2014. Analysis of a Comprehensive 
Suite of Microgravity Measurements Conducted over the 
South Y Brine Operation Site. Report SAND2014-0207P, 
January 13.
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Rucker Exhibit 3 – Conceptual Visualization: Micro-Seismic System Response to Earthquake
Micro-seismic system is unable to measure earthquake very low frequencies
The micro-seismic (MS) network sensors have a linear response  down to 15 Hz; they are 
optimized to measure MS events in a range of Magnitude -2.0 to 0.0. This is the magnitude range 
to locate and quantify fracturing in a stressed rock formation prior to and during failure.  To 
approximate MS sensor frequency response, the earthquake time history (sampled at 100 Hz) 
measured by a modern seismograph is averaged over a time period of 0.2 seconds (5 Hz) and the 
averaged result is subtracted from the original time history (shown in blue). This mathematically 
removes the low frequency portion of the time history, but retains the high frequency portion as 
shown in the orange trace below. The high frequency (orange) trace is consistent with what the 
Micro-seismic system can measure.

Micro-seismic system 
cannot ‘see’ the most 
significant ground motion 
at frequency of ~0.33 Hz 

Time history is from Station T4.NM03; see Exhibit C. 
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Trigger Rate Source:
AMEC Carlsbad Micro-seismic Quarterly Advanced Analysis
February 1, 2020 – April 30, 2020 
June 2020; 2019-2203-4 v1.0

117 unlocated triggers
on 3/26/2020

~24-27 daily unlocated triggers (typical)        

See Exhibit 7 for earthquake location



Rucker Exhibit 4 – Site Layout Showing Micro-seismic Stations (IWMS-#)

Initial offsite micro-seismic network, operational in 2014

Enhanced onsite micro-seismic network, operational in 2019Confidential & draft



Rucker Exhibit 5 – Likely Void Floor Roof Rock Rubble Response to 3/26/2020 Seismic Activity

Analysis is based on comparison of Feb 2020 and May 2020 sonar surveys

Red shaded area ‘A’ was the extent of at least several feet of sand accumulation on the void floor (top 
of rock roof rubble) by late May 2020. Unshaded areas labeled ‘B’ show the interpreted extent of open 
void floor which, as of late May 2020, did not have apparent sand accumulation. Sand slide area ‘C’ 
was below well GW-13 where sand deployment was focused.  As a sand pile developed during sand 
deployment, the pile would build up until it became unstable and failed by slumping to the north. 
Interpretable void floor settlement areas labeled ‘D’ are shaded in purple. Settlement areas are 
presumed to have resulted from forces acting to compress parts of the loose pile of roof rock debris in 
response to the March 26th Magnitude 5.0 earthquake. The ‘E’ settlement area was identified 
between the mid-January and early February sonar surveys; it was likely not related to seismic activity. 
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Rucker Exhibit 6 – Timeline 1999-2013
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Rucker Exhibit 7 – Calibrated Ground Motion Measurements in the Area 

Station 4T.NM03 uses a Trillium seismometer. 
That instrument’s manual is available online to 
document scaling for ground motion data, which 
is in an integer count format in the downloadable 
files. The 3/26/2020 Mag 5.0 event epicenter 
was about 93 km from that station. The event 
was about 75 km from the Brine Cavity. NM03 
provides a reasonable and scalable data 
comparison for the site since a seismic 
monitoring station is lacking in Carlsbad.

Seismic event duration increases with magnitude. 
During the magnitude 5.0 event, seismic signal significantly 
higher than ‘background noise’ persists for several minutes. 
Similar seismic signal during the magnitude 3.8 event persists 
for only one to two minutes.
Micro-seismic events located and quantified by the onsite 
system are within a range of magnitude zero (0) to less than -2, 
and are typically in a range of magnitude -1 to -2. Durations of 
these micro events are typically a few tenths of a second.
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Rucker Exhibit 8 – Borehole Tiltmeter Instrumentation Response to 3/26/2020 Seismic Activity
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Rucker Exhibit 9 – Other Example Recent Instrument Responses

Mag 6.0 MW
7/8/2021 

22:50:13 UTM
Antelope
Valley, CA
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Mag 3.4 ML
7/9/2021 

01:09:30 UTM
55 km south of

Whites City, NM
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Rucker Exhibit 10 – Timeline 2014-2021
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Rucker Exhibit 11 – Ground Motion Estimation and Scaling

from Monitoring Memorandum No. 9, May 5, 2020:

M = 2.0

M = 1.0

M = 0.0

Source:

@ M = 2.0, 3.3 km, modeled PGV ~7*10-5 m/s = ~0.0028 in/sec 

Where the Western US equation (Excel format) is:

Peak Ground Velocity (PGV), cm/sec = 0.0004 * EXP(2.3*M) * R^-1.3
where M is moment magnitude, and
R is distance from epicenter in km

Distance Moment Estimated PGV Measured PGV
Km Magnitude inches/sec (vert) inches/sec

Station T4.NM03 Estimated & Measured 
92.6 5.0 0.043 0.023 see Exhibit C
92.6 3.8 0.0027 0.0035 see Exhibit C

Waste Fluid Injection Distances (current)
75.0 5.0 0.057
75.0 4.0 0.0057
75.0 3.0 0.00057

Fracking Distances (future)
3.3 3.0 0.033
3.3 2.0 0.0033
3.3 1.0 0.00033
3.3 0.0 0.000033
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