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Provisional Technical Secretariat (PTS) Initiated Study of Waveform
Correlation Techniques to Detect 2 Types of Recurring Events
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| Mining Blasts Study
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4+ | Results Overview
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s | Wyoming Week | (4/4/2018 — 4/11/2018)
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¢ I Review: Single station (PDAR)results for Wyoming

Wyoming region, week 1 (April 4-11, 2018) has 13 REB events in the study region.
« WC detected 10 of 13 REB events using 1 year of templates from PDAR station only.

» The tolerances for comparison are 0.5°, + 10s.
@ Waveform correlation events
/\ REB events ;
45°N /\ REB events matching WC Events
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p

The 3 undetected events are
from an area with no templates;
thus, detection is not expected

\

with this technique. P

Waveform correlation detected 70
events during April 4-11, 2018 with
PDAR templates.

PDAR is close (~3°) to Wyoming
region; results may be
extraordinarily good.



Wyoming Week | (4/4/2018 - 4/11/2018) Templates L

Map of study area showing 1303 template Number of templates by station
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s I Wyoming Week | Waveform Correlation Events
Template Events near Missed REB events |

Map showing 136 waveform correlation
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o I Wyoming Week | REB Event Matches

Map showing 13 REB event locations and
10 waveform correlation events within (1°, +15s)
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0 I Wyoming Week | Comparing WC and SEL3 with REB Events

Map showing 13 REB events, 9 SEL3 events, and
10 waveform correlation events within (1°, +15s)
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11 I Wyoming Week 2 (8/8/2018 - 8/14/2018)
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45°N

Wyoming Week 2 (8/8/2018 - 8/14/2018) Templates

Number of templates by station I

Map of study area showing 1364 template
origin locations by number of stations (1-3)
from up to 10 years of REB events.
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13 I Wyoming Week 2 Waveform Correlation Events

Template Events
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Wyoming Week 2 REB Event Matches

Map showing 10 REB event locations and
9 waveform correlation events within (1°, +15s)
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15 1 VWyoming Week 2 Comparing WC and SEL3 with REB Events
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Map showing 10 REB events, 4 SEL3 events, and
9 waveform correlation events within (1°, +15s)
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« Waveform correlation locations are
more accurate than SEL3

* Interesting REB event near many
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16 | Scandinavia Week | (2/12/2018 — 2/18/2018)
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| Scandinavia Week | (2/12/2018 - 2/18/2018) Templates

Number of templates by station
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Map of study area showing 970
template origin locations by
number of stations (1-3) from
up to 10 years of REB events.
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18 | Scandinavia Week | Waveform Correlation Events
Template Events
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19 | Scandinavia Week | REB Event Matches

Map showing 19 REB event locations and
14 waveform correlation events within (1°, +15s)
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20 | Scandinavia Week | Comparing WC and SEL3 with REB Events

Map showing 19 REB events, 37 SEL3 events, and
14 waveform correlation events within (1°, +15s)
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21 | Scandinavia Week 2 (7/6/2018 —

Overview of existing catalogs
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| Scandinavia Week 2 (7/06/2018 - 7/12/2018) Templates

Map of study area showing 1140
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23 | Scandinavia Week 2 Waveform Correlation Events

Map showing 291 waveform correlation
and 17 REB event locations.
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24 | Scandinavia Week 2 REB Event Matches

Map showing 17 REB event locations and
9 waveform correlation events within (1°, +15s)
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25 | Scandinavia Week 2 Comparing WC and SEL3 with REB Events

Map showing 17 REB events, 22 SEL3 events, and Notes for Scandinavia Week 2

9 waveform correlation events within (1°, £15s) * Many events from SEL3 were
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26 | Conclusions

» Results indicate that waveform correlation will improve the effectiveness of the IDC
pipeline by:

» detecting many REB events that are currently being missed by SEL3, and
« providing better locations, which should require less refinement by the analysts.

» Using long duration templates for close stations yields good results.

» Due to the sparseness of the IMS network and the small size of mining explosions, many
historical events only have good templates at one station.

» We allowed single station WC detections to take better advantage of the archive.

* However, our past work suggests that single station WC detections may include many
marginal and/or false events.

« Careful selection of templates may reduce false events.



27 I Conclusions (continued)

« Waveform correlation finds a large percentage of REB events, but
 also generates many additional events, which
* may require analyst effort to review, whether the events are legitimate or not.

» Further investigation is required to screen the WC events to detect the REB events
without additional events that are not useful for the analysts.

Thank you for inviting SNL to participate in the PTS Recurring Events
study of waveform correlation techniques!



